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Abstract 

 
This paper investigates the impact of a large territorially concentrated FDI inflow on 
local labor market outcomes using district panel data from the Czech Republic. Toyota-
Peugeot´s joint investment in Kolín is used to quantify the effect of FDI on the district 
unemployment outflow and inflow rates, the aggregate unemployment exit hazard rates, 
and subsequently both the unemployment rate and the employment rate. Using 
difference-in-differences analysis, labor market performance of `treatment' and `control' 
districts for two periods (before and after the investment) are compared. Placebo 
simulations reveal that conventional least squares estimates lead to serious 
underestimation of standard errors. Therefore, in order to account for serial correlation, 
the block bootstrapping technique is used to compute consistent standard errors. The 
results indicate a positive significant impact of the investment on the local 
unemployment outflow rate driven mainly by increases in the aggregate unemployment 
hazard rates for durations less than nine months. However, the impact on longer 
unemployment durations remained negligible. Consequently, the local unemployment 
rate decreased and the employment rate increased in the `treated' district. 
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Abstrakt 
 
Táto práca analyzuje dopad rozsiahleho a územne koncentrovaného prílivu priamych 
zahraničných investícii na miestny trh práce na okresných údajoch z Českej Republiky. 
Na základe skúseností v rámci spoločnej investície automobiliek Toyota a Peugeot v 
Kolíne skúma analýzou rozdielov v rozdieloch (technika difference-in-differences) 
efekt jednorázového prílivu PZI na rôzne ukazovatele trhu práce. Simulácie placebo 
intervencií odhalili významné podhodnotenie smerodajných chýb bežnou metódou 
najmenších štvorcov, preto bola na vypočítanie konzistentných chýb použitá technika 
'block bootstrapping'.  Z výsledkov vyplýva, že vplyvom investície stúpla miera odlivu 
z nezamestnanosti, čo bolo spôsobené najmä zvýšením pravdepodobnosti odchodu z 
nezamestnanosti kratšej ako deväť mesiacov (pravdepodobnosť pre dlhodobo 
nezamestnaných zostala nezmenená). Tieto zmeny sa následne prejavili poklesom 
okresnej miery nezamestnanosti a nárastom okresnej miery zamestnanosti. 



1 Introduction

Battling unemployment or improving labor market outcomes are key goals de�ned

by most policymakers. Attracting foreign direct investment (FDI) is viewed as an

important tool in improving local labor market conditions. After the collapse of

the centrally-planned system of state-owned enterprises, the countries of Central

and Eastern European countries (CEEC) have faced a sudden change in the labor

demand structure, and the in�ow of foreign investment1 has been a crucial factor

in accomplishing the transition to a market economy. The main advantages of the

CEEC region have been the proximity of Western markets and relatively cheap labor

force. Apart from these exogenous factors, these countries have also used various

policy options to promote FDI in�ow such as barrier elimination and improving the

business environment.

One strategy involves adopting quality legislation, improving national institu-

tions, building infrastructure and educating the labor force (Oman [2000]). Other

strategies focus on the use of governmental �nancial incentives, which is a policy

tool used quite extensively by CEEC. These incentives are either direct (�nancial

subsidies) or indirect (infrastructure, construction of the site) and usually scaled

according to the target region ��rms which invest in regions with higher unemploy-

ment rates are preferred and receive a higher level of �nancial incentives. Govern-

ments view these subsidies as a crucial instrument in boosting employment, creating

new job opportunities, accelerating economic growth and enhancing competitiveness

(Rondinelli and Burpitt [2000]). Indeed, many multinational companies have made

their allocation decisions not only based on a high potential of CEEC but also based

on policy-driven factors such as investment subsidies provided by host countries (De-

mekas et al. [2005]).

However, investment subsidies require signi�cant governmental spending, which

1The majority of investors have come from Western Europe; the FDI in�ow from Asia has
become more prominent especially after 2000 (Woon [2003]). Allocation of FDI into CEEC has
contributed to steady economic growth in this region since 1995 (see Table 1).
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raises a question about the e¢ ciency of such policies. In other words, it is an

open question whether real bene�ts arising from the allocation of an investment

project in a particular region outweigh the �nancial subsidies paid from the state

budget. Especially in the case of huge green�eld investments, �rms have been so

aggressive in seeking subsidies and countries have engaged in a "race to the bottom"

when foreign �rms end up with such generous �nancial subsidies that it seems it

might be unpro�table for countries to host the investment.2 A rigorous analysis of

FDI e¤ects is necessary for a correct assessment of the e¢ ciency of governmental

investment promotion policies.

The aim of this paper is not to evaluate the e¤ect of providing investors with

�nancial incentives for FDI in�ow, but to estimate the impact of a large, territori-

ally concentrated FDI in�ow on a local labor market. The automobile investment

project in Kolín (Stµredoµceský region) is used as a case study since it was the largest

one-shot case of FDI in�ow in the Czech Republic between 1992 and 2006. This

study concentrates on examining the e¤ect of the investment on unemployment and

employment rate, �ows in and out of unemployment and exit hazard rates from

unemployment.

The motivation for this study is threefold. First, a proper evaluation of the

investment impact on local labor markets is important for policy implications: if

there exists an economically signi�cant positive e¤ect of concentrated FDI in�ow on

the local economy, it makes sense (from a social standpoint) to encourage investment

projects in regions with high unemployment rates. Second, while there seems to be

a great deal of literature concerning the e¤ects of FDI on �rm performance, there

are few studies analyzing the impact of large FDI in�ows on local labor markets.

Studies have focused on the implication of FDI on the productivity of domestic �rms

(Aitken and Harrison [1999]; Javorcik [2004]) and on regional development (Harris

2In auction theory there exist a term "winner�s curse:" The winner of the auction may have
overestimated the true value of the prize, which is why he o¤ers the highest bid compared to other
buyers.
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and Taylor [2005]) but there is limited research evaluating the impact of investment

on local labor market outcomes. Third, as already mentioned, the Kolín automobile

investment project was quite unique in its scale and therefore it is desirable to

rigorously evaluate its impact.

2 The survey of the literature

Most literature analyzing FDI e¤ects on host country concentrates on technology

spill-overs to domestic �rms. This paper focuses instead on the channels through

which FDI a¤ects employment. These channels work directly through creating jobs

in new �rms or indirectly through spillover e¤ects (transferring technology and im-

proving the e¢ ciency of competing �rms, leading to changes in labor force demand),

crowding-out e¤ects and distributional e¤ects.

The direct e¤ect on employment rate is straightforward �the new investment

project requires a labor force and through hiring job candidates, it can directly af-

fect local employment and unemployment rates. The e¤ect ignited by technology

spillovers occurs in two forms: horizontally and vertically. Horizontal spillovers occur

when domestic �rms improve their e¢ ciency due to the presence of the foreign com-

pany through linkages such as spreading knowledge and sharing trained personnel.

Vertical spillovers are represented by in�uences of the foreign company on domestic

customers and suppliers (e.g. Dunning [1993a]). These linkages can lead to im-

proved e¢ ciency in production processes and subsequently to changes in labor force

demand. Moreover, the labor market can be a¤ected by the crowding-out e¤ect;

this e¤ect occurs when inward FDI leads to displacement of regular workers (some

workers quit their previous job in order to start a new one) and new employment

opportunities arise at the cost of an employment decrease in established enterprises.

The distributional e¤ect a¤ects wage distribution; wage inequality may increase if

skilled workers are speci�c to foreign companies (Tomohara and Yokota [2007]).
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In addition, concentrated FDI in�ow creates the potential danger of excessive

dependence and vulnerability of the local labor market on one source of employment,

which can ensue in massive layo¤s of the labor force if the investor faces decreased

demand in the case of an overall economic recession. Other adverse e¤ects occur in

the form of opportunity costs if the investment project is awarded public �nancial

incentives, which may have been used for other priorities (di¤erent projects, active

labor market policies, retraining courses, etc.) and the total indirect employment

e¤ect can be either positive or negative. Overall, the relationship between FDI

and employment is in�uenced by di¤erent macro and micro factors, which make a

comprehensive assessment di¢ cult. Also in this paper, only a particular case of FDI

in�ow is studied and the conclusions should be applied to a more general situation

with caution.

Empirical studies focusing on the recent automobile industry boom in Central

Europe are mostly descriptive. Sadler and Swain [1994] analyze the state of the

automotive industry in CEEC after 1989 and describe changes in the structure and

allocation of investments which has been a¤ected by the quest of foreign investors

for new markets and low-cost production. Before the investors� in�ux into this

region, the automotive industry in CEEC was under-developed and technologically

outdated (Havas [2000]). Countries in Central and Eastern Europe, however, have

possessed great potential for growth and development due to the cheap but skilled

labor force and substantial and steady rise in car demand (Van Tulder and Ruigrok

[1998]).

Empirical literature analyzing the employment e¤ects of FDI o¤ers mixed re-

sults. Dunning [1993b] examines the impact of both inward and outward direct

investment on employment and asserts that whereas there exists signi�cant e¤ects

on industry structure and productivity, the employment rate remains una¤ected.

Similarly, Ramirez [2002] shows in his study of the Mexican labor market that the

contribution of the automobile industry to long-term employment creation has been
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limited since most of the transferred technology had an impact on capital-intensive

manufacturing. On the contrary, Mickiewicz et al. [2000] in their analysis of the

role of FDI in the restructuring of the CEEC economies �nd evidence that FDI

contributes to employment generation and serves as an important bu¤er to negative

employment shocks. It can operate, however, only as a complement to domesti-

cally generated employment rather than as its substitute. According to Benacek

and Visek [2000], in the case of the Czech Republic, foreign investment has played

an important role during the transition period and foreign capital became �the en-

gine of growth�for the economy. This growth occurred mainly due to stabilization

and restructuring of the economy with FDI incentives schemes being a relatively

unimportant factor.

3 Automobile investment project in Kolín

3.1 Chronology

In December 2001, PSA Peugeot Citroën and Toyota Motor Corporation3 announced

their intention to establish a new automobile plant in the Czech Republic in the

industrial zone Kolín-Ovµcáry (located in the Stµredoµceský region). The Czech gov-

ernment passed a resolution where it committed itself to �nancing preparation work

on the location. In March 2002, the joint company was legally established under

the name Toyota Peugeot Citroën Automobile (TPCA) and preparation work on

the green �eld site was started and shortly afterwards, the contract between TPCA,

PSA and the city of Kolín specifying an investment road-map was signed. In Sep-

3Toyota is the third biggest car producer in the world and by far the largest in Japan. Strong
on the domestic market, and present in Western Europe through numerous subsidiaries, Toyota
lagged behind in founding branches in Central and Eastern Europe. Only after 1999 it decided to
invest in this region and use the advantages of a quali�ed and cheap labor force (Woon [2003]).
In July 2001, Toyota signed a contract with PSA Peugeot Citroen about committing to the joint
development of a new car and establishing a new production plant. PSA Peugeot Citroen is one of
the top European car producers, especially in the production of diesel engines. The two companies
divided the responsibilities: Toyota is in charge of production, and PSA Peugeot is in charge of
marketing.
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tember 2002, the 125 hectare-large site was ready for use and the construction of

the plant began. During the preparation and construction work, 350 people were

employed on the site. Additional employment was created at the beginning of 2003

when hiring for the plant started. By March 2004, TPCA had hired 500 workers

and by October 2004 already 1000 people out of an eventual total of 3000 workers

had been employed. In mid-November 2004, 1650 workers were employed at TPCA

and in December 2004 permission for trial operation was issued by the municipality

of Kolín.

Most new employees (including workers from other parts of the Czech Republic)

joined TPCA in February and March 2005. This corresponds with the start of

production, which occurred on February 28th, 2005. Hiring (as part of setting-up

the plant) �nished in September 2005 and at that time 3000 employees worked for

TPCA (2000 blue-collar workers). In mid 2007, the employment level achieved a

steady state and the plant has stabilized the number of its employees at 3500, out

of whom 2600 are blue-collar workers.

Apart from hiring workers in Kolín or the Stµredoµceský region, the company also

searched for new employees in other regions of the Czech Republic.4 As a result,

more than one half of the overall workforce of approximately 3,000 came reportedly

from outside the Kolín district. In the �rst months after the start of production

(February 2005), the �uctuation among workers remained high mainly because of the

delayed construction of new �ats (only 300 �ats had been built on time). According

to TPCA, each month about 50-60 workers left the job due to inadequate housing

conditions.
4Before the end of 2002, the Czech government announced it would build 850 �ats for future

TPCA workers in Kolín. The expenses would be borne by the state and the city. In late 2004,
TPCA started a hiring campaign in Northern Bohemia, particularly in the district Mostecko where
the unemployment rate was as high as 25 percent. Between November 1st, 2004 and January 12th,
2005, TPCA also organized a massive hiring campaign in Northern Moravia. The main aim of
the campaign was to attract a potential work force willing to move and work in the Kolín plant.
Almost 3000 people expressed interest; half of them went to the �rst round of interviews and 712
candidates quali�ed for the second round. More than one half then joined the company (source:
TPCA, 2006)).

8



3.2 Location

The location of the plant in Kolín�s industrial zone (Figure 1) was chosen by TPCA.

Another location under consideration was µZatec.5 Important location characteristics

in favor of Kolín were proximity to the capital city, short distance to main railroad

and highway corridors as well as settled land property rights,6 and these factors

might have in�uenced the �nal location decision.

3.3 Size

The overall volume of the investment in the Czech Republic (including start-up

costs and research and development) has reached 1.3 billion Euro (roughly 40 billion

CZK). Excluding R&D (which represents one half of the investment), net FDI in�ow

amounts to 700 million Euro (23.5 billion CZK)7 and represents the largest single

green�eld investment in the Czech Republic ever (amounting to 0.755 % of GDP8).

Investment incentive for TPCA reached 1.78 billion CZK amounting to more than

40 percent of total �nancial incentives awarded during 1998-2004.9

4 General information about Kolín

The district of Kolín (situated in the Stµredoµceský region) recorded an average regis-

tered unemployment rate of 9.5 percent in 2001. The arrival of a major investment

project was expected to decrease this level, although the net impact of the FDI

in�ow might have been absorbed to some extent by neighboring districts. In Table

2 the unemployment rate, average wage and the average calculated time for com-

muting to the plant from particular districts are shown. Based on unemployment

rates, the districts can be classi�ed as low, medium and high-unemployment type:

5Source: CzechInvest
6Source: TPCA
7Source: CzechInvest
8GDP for the year 2003 is considered here.
9The Czech Republic spent 4.26 billion CZK on �nancial incentives (CzechInvest).
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the low-unemployment group (Prague-East with above-average wage and Bene�ov)

bene�ts from the large number of jobs in the capital city, the medium-unemployment

group consists of regional capitals (Pardubice and Hradec Králové) and the high-

unemployment group (Kolín, Kutná Hora and Nymburk) displays an unemployment

rate around 10 percent. The short commuting time from the high-unemployment

type districts to the plant disquali�es the use of Kutná Hora and Nymburk as a

control group as these districts were most likely also positively a¤ected by the FDI

in�ow (the discussion about control groups is presented in next section).

As other districts in the Central Bohemian region, Kolín bene�ts from its prox-

imity to Prague, good infrastructure and a highly quali�ed work force. Good in-

frastructure (good connection to main tra¢ c routes and prepared electricity and

telecommunication networks) was one of the main factors in attracting the invest-

ment.10 Table 3 presents a comparison of main labor market indicators for Kolín

and the Czech Republic. There is a notable widening gap between unemployment

in Kolín and the Czech Republic, especially after 2004. This indicates at least a

possible positive impact of the plant on the local labor market.

Figure 2 illustrates the trend in unemployment rates during the period 1997-

2006 for Kolín and neighboring districts.11 Vertical lines represent the date of the

announcement of the planned investment and the start of the hiring process for

the company. Visually, the downward trend in Kolín is steeper than in the other

districts. This suggests that hiring for the investment had a positive e¤ect on the

local unemployment rate.

The evolution of the unemployment rate in Kolín and the Central Bohemian re-

gion is shown in Figure 3. The unemployment rate from the whole region is a¤ected

by its proximity of the capital city, creating a relatively low overall unemployment

rate. At the time when the investment was announced (left vertical line), the unem-

10Source: TPCA
11Normalized by the December 2001 unemployment rate (the date of the investment announce-

ment).
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ployment rate in Kolín was similar to the overall Czech unemployment rate. Later

on, unemployment rates began to diverge (especially after 2003), when Kolín�s local

unemployment rate decreased at a faster rate than the overall one.

Simple graphical analysis therefore suggests a better relative performance for

the Kolín labor market compared to its neighbors or the whole country. In order

to claim that the substantial FDI per capita in�ow contributed to this decreased

unemployment, however, a more rigorous analysis has to be undertaken to o¤er

persuasive evidence of the impact of the investment. The methodology and identi-

�cation strategy for such an analysis are described in the next two sections.

5 Methodology

Unemployment, commonly viewed as a leading labor market indicator, is an outcome

of a dynamic process determined primarily by �ows in and out from unemployment.

Speci�cally, a change in unemployment U can be caused either by shocks in out�ow

O from unemployment or in�ow S into unemployment (or both), and the number of

reported unemployed at the end of period t is identi�ed as the sum of unemployed

at the end of period t � 1 and net in�ow into unemployment during the period t,

expressed by the intertemporal unemployment �ow identity

Ut � Ut�1 + St �Ot: (1)

In the setup, I assume the out-of-labor-force state is ruled out. After dividing by

total labor force L and rearranging the terms, I obtain

ut � ut�1=(1 + gt) + st(1� ut)� otut; (2)

where the in�ow rate s is de�ned as the in�ow S divided by the stock of employed

E, the out�ow rate o as the out�ow O divided by the stock of unemployed U ,
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the unemployment rate u as the stock of unemployed U divided by the labor force

L = U+E, and g is the labor force growth rate, giving the following identity linking

the unemployment rate and the �ow rates:

ut �
ut�1 + st(1 + gt)

(1 + gt)(1 + st + ot)
: (3)

Further, building upon the framework of Burgess and Turon [2005], I assume a

linear model of behavioral relationship for the in�ow and out�ow rates:

st = �1ut�1 + �1�t + 
1Xt + �1Q2 +  1Q3 + '1Q4 + �1t; (4)

ot = �2ut�1 + �2�t + 
2Xt + �2Q2 +  2Q3 + '2Q4 + �2t; (5)

where u is the unemployment rate, �t are quarterly dummies controlling for season-

ality, and Xt contains exogenous explanatory variables describing the structure of

the labor force with respect to industry, education and age. Hence, there is an in-

teraction between the unemployment rate and the rates of �ow.12 Thus, in addition

to investigating the aggregate impact of the investment on the unemployment rate,

I concentrate on estimating the e¤ect on the �ow rates.

Moreover, unemployment �ows are not independent either, as out�ow can be

expressed as a function of the past in�ows and the aggregate exit hazard rates out

of unemployment:

Ot =

1X
i=0

St�iht;i

i�1Y
j=0

(1� ht�j;i�j); (6)

where ht;i is the exit hazard rate out of unemployment at time t and duration i. The

exit hazard rate out of unemployment at duration i indicates the probability that a

12Burgess and Turon [2005] examine the dynamics of unemployment �ows and stock in the
UK since the late 1960s and show that while out�ow shocks contributed little to unemployment
dynamics, changes in unemployment were driven primarily by shocks in unemployment in�ow.
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person who is currently unemployed for i time periods (usually months) will leave

the pool of unemployed during the next period. Exit hazard rates di¤er for various

unemployment durations, for men and woman, and across education or age cohorts.

Changes in the out�ow rate are always caused by changes in exit hazard rates

from unemployment, and, for policymaking purposes, it is important to disentangle

these e¤ects and examine how di¤erent durations of unemployment contribute to

a change in unemployment out�ow. Thus, aggregate exit hazard rates, the in�ow

rate and the out�ow rate are analyzed separately. Afterwards, the impact of the

investment project on the unemployment rate and the employment rate is examined.

6 Identi�cation strategy

6.1 Propensity score matching

There are two di¤erent approaches ensuring an unbiased estimation of the causal

e¤ect: parametric and non-parametric. The parametric approach includes control

variables on the right-hand side of the estimated equation while the non-parametric

approach is to match districts based on observable district characteristics. In the

analysis that follows, a combination of these two approaches is adopted, using similar

districts selected by matching in an estimation including controlling for observable

characteristics of each district.

Following the framework of Rubin [1974], the assignment to treatment (invest-

ment) is denoted by dummy D and the impact of the investment is estimated as the

di¤erence between an outcome Y1 subject to treatment and an outcome Y0 without

treatment:

� = Y1 � Y0: (7)

Control groups serve as an approximation of the counterfactual Y0, using the as-

sumption that the potential outcome for Kolín without the investment would be the

13



same as was the outcome for the control groups:

E(Y0jD = 1) = E(Y0jD = 0): (8)

In other words, conditional on observables Z, the potential outcomes are stochasti-

cally independent on the treatment (Y0 ? DjZ).13 Subsequently, the true e¤ect of

the investment can be estimated as

� = E(�jD = 1) = E(Y1�Y0jD = 1) = E(Y1jD = 1)�E(Y0jD = 1) = E(Y1jD = 1)�E(Y0jD = 0):

When comparing many characteristics, however, it is di¢ cult to �nd units ex-

hibiting similarity in all characteristics. One way to avoid this problem is to use

a function uniting relevant observed characteristics into a single balancing score

(Rosenbaum and Rubin [1983]). Importantly, matching treatment and control units

in this way implies the same distribution of observed characteristics for treatment

and control units given the balancing score, a necessary assumption enabling true es-

timation of the e¤ect. This conditional independence assumption states that given

the same propensity score, the potential outcome in case of non-treatment is the

same for treated and non-treated districts (Y0 ? DjP (Z)). As a result, the follow-

ing condition is satis�ed:

E(Y0jP (Z); D = 1) = E(Y0jP (Z); D = 0); (9)

which means that the potential outcome for Kolín without the investment would be

the same as the outcome for the control group. In other words, estimation on the

sub-sample restricted to a similar propensity score gives an unbiased estimate of the

true e¤ect of the treatment.
13This assumption is also known as the �selection on observables�or �conditional independence

assumption�(Lechner [1999]).
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The matching indicator used in our evaluation is a propensity score denoting the

probability of program participation. The estimation procedure involves two steps.

The �rst step of the analysis is to estimate the probability of treatment based on

observables, established by probit estimation. After that, the sample is restricted

to units with similar propensity scores and the estimation is performed using the

ensuing sub-sample (Heckman, Ichimura and Todd [1997]).

The probit model estimating the probability of investment project allocation into

a particular district can be written as

Pr(Y = 1jZ = z) = �(Z�); (10)

where the covariates Zi include variables describing district industry structure, ed-

ucational structure of di¤erent age groups, infrastructure density (the amount of

roads and railroads) and a dummy indicating the designation of an industrial park

suitable for hosting foreign investors and Pr(Y = 1jZ = z) indicates the probability

that the district belongs to the �high-FDI�group of districts conditional on observ-

able characteristics. Based on the FDI in�ow per capita during the monitored year

2002, all Czech districts (excluding Prague) were divided into two complementary

groups of districts: a �high-FDI�and �low-FDI�group (the distribution of FDI in�ow

is shown in Figure 4). The cut-o¤ point is arbitrarily set at 20,000 CZK, classifying

15 percent of districts as a �high-FDI� group and the remaining 85 percent as a

�low-FDI�group.

The probit estimation (which excluded the district of Kolín) assigns the propen-

sity score to each district (including Kolín), indicating the probability that the

particular district would be a �high-FDI�type receiving a lot of FDI in�ow in 2002.

It can be assumed that the districts with a similar propensity score as Kolín faced

the same probability of receiving large FDI in�ow.14 Among this control group,

14The similiarity measure is based on a propensity score and the margins are arbitrarily set at
a three-percent bandwidth around Kolín�s propensity score.

15



the location of investment projects can be considered as random, conditional on

covariates. Now one can observe two types of districts in this group: districts with

a propensity score of receiving a lot of FDI similar to Kolín�s which received a lot

of FDI (�high-FDI�type), and districts with a propensity score of receiving a lot of

FDI similar to Kolín�s which did not receive a lot of FDI (�low-FDI�type). In order

to estimate the true impact of the investment project, it is necessary that only the

latter group is selected for the analysis as these districts form the best control group

approximating the true counterfactual state.

6.2 Di¤erence-in-di¤erences estimation

A drawback of propensity score matching is that it does not control for unobservable

characteristics, which can lead to a bias in estimates of the true impact. One way

to solve this problem is to include instrumental variables a¤ecting the investment

decision but not labor market outcomes. In reality, however, it is often di¢ cult

to �nd such instruments. Another strand of literature resorts to the di¤erence-in-

di¤erences technique (Angrist and Krueger [1997]), which is based on the comparison

of changes in outcomes of interest between the treated and control group over time.

I adopt this approach in evaluating the impact of the TPCA investment project and

include �xed e¤ects capturing unobserved heterogeneity among districts.

6.2.1 Econometric speci�cation

Econometric analysis of the impact of the investment on labor market outcomes is

then performed by estimating the following di¤erence-in-di¤erences equation:

yit = �i+�+�MANUFit+
COL30it+�COL50it+�Y EARt+�Q2+ Q3+'Q4+�INVit+�it;

(11)

whereMANUF measures the share of people employed in the manufacturing sector

and COL30 and COL50 denote the share of college or university graduates in the
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population aged 15-29 and 30-49, respectively. Variable Y ear captures time trends,

dummies Q2, Q3, Q4 control for seasonal e¤ects, INV is a dummy indicating the

investment project in Kolín, �i are �xed e¤ects, �, �, 
, �, �, �,  , ' and � are the

parameters of the model and �it is a noise term with normal distribution. Coe¢ cient

� estimates the true e¤ect of investment projects on the dependent variable (local

unemployment rate, employment rate, in�ow, out�ow rate).

When estimating the set of equations for exit hazard rates from unemployment, it

should be noted that given the nature of �ows between unemployment durations, the

hazard rates for di¤erent unemployment durations are not independent. In order

to account for possible correlation of standard errors across equations, the most

appropriate model for the analysis of aggregate exit hazard rates is the Seemingly

Unrelated Regression (SUR) model (Zellner [1962]):

h0�3 = �1 + �1X1 + 
1Kolin+ �1Kolin � After + u1;

h3�6 = �2 + �2X2 + 
2Kolin+ �2Kolin � After + u2;

h6�9 = �3 + �3X3 + 
3Kolin+ �3Kolin � After + u3;

h9�12 = �4 + �4X4 + 
4Kolin+ �4Kolin � After + u4; (12)

where X includes explanatory variables describing the structure of the labor force,

Kolin is a dummy for Kolín and After is a dummy indicating the time after the

break (three di¤erent possible breaks are used). Quarterly dummies controlling for

seasonal e¤ects are included in the model, too. Coe¢ cient � then estimates the

e¤ect of the investment project on the exit hazard rates out of unemployment.

6.2.2 The Placebo Simulation Technique

The Ordinary Least Squares (OLS) technique used in the di¤erence-in-di¤erences

estimation implicitly assumes the normal distribution of the estimated e¤ect. This

assumption may underestimate its true standard error even after accounting for se-

17



rially correlated outcomes by clustering across districts (Bertrand, Du�o and Mul-

lainathan [2003]). Conventional di¤erence-in-di¤erences standard errors may, thus,

substantially understate the standard deviation of the estimator due to autocorre-

lation of the data. Another factor reinforcing the underestimation of the standard

deviation is the fact that the treatment variable usually changes very little for an

observed unit over time.

I use placebo simulations to test the bias of OLS estimates and, using one thou-

sand placebo interventions, the size of the impact and its standard error is estimated

for each of them. If the conventional standard errors are unbiased, the fraction of

rejected null hypothesis of no impact should be roughly �ve percent (under the 95

percent signi�cance level). If the rejection rate is considerably higher, the standard

errors are likely to be biased downwards. One way to correct for this bias is to

create standard errors and critical values based on the actual distribution of the

estimator bootstrapped from the data. Thus, besides using conventional standard

errors, alternative standard errors generated by the bootstrapping technique are re-

ported and rejection rates for both methods are compared. Placebo interventions

are, therefore, adopted as a robustness check for the consistency of standard errors.

A simulation of an intervention is performed by randomly choosing a district

and a point in time, and then a dummy variable PLACit is created indicating that

at that time and in that given district a large concentrated FDI project was begun.

The following regression is then estimated:

yit = �i+�+�MANUFit+
COL30it+�COL50it+�Y EARt+�Q2+ Q3+'Q4+�PLACit+�it;

(13)

where the explanatory variables are the same as in equation (11), the only di¤erence

being the variable PLAC indicating the placebo intervention. Estimated coe¢ cients

are stored and the procedure is repeated a thousand times in order to obtain coe¢ -

cients for the supposed placebo intervention and its signi�cance. If standard errors
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are consistent, the rejection rate for the intervention variable PLAC should be ap-

proximately �ve percent. In other words, the coe¢ cient � should be statistically

signi�cant in �ve percent of the cases.

6.2.3 Control groups

In order to evaluate the true e¤ect of investment incentives, one needs to know the

counterfactual: what would have happened had the investment not been realized?

The fundamental evaluation problem is that one can not observe what labor market

outcomes the district would have exhibited had the investment not been realized.

Therefore, as discussed above, a control group of districts without the investment is

needed, enabling a comparison of the treated and control districts. An ideal control

group would be districts identical to Kolín but which have not experienced large FDI

in�ow. Since it is impossible to �nd districts with exactly the same characteristics

as Kolín, I approximate such an ideal control group as closely as possible and in

the analysis use districts in a way similar to Kolín. The use of control groups is

necessary because there is a possibility that any potential change in unemployment

in Kolín may be due to other factors common to all districts, e.g. a boom in the

economy could have easily drawn workers in Kolín (as well as elsewhere) out of the

pool of unemployed, even in the absence of the investment.

Three di¤erent control groups are constructed. The �rst is a general control

group containing all districts in the Czech Republic (see Table 4) except Prague,

which is excluded due to its capital city status and speci�c labor market. The second

control group consists of districts with similar conditions for hosting FDI (measured

by the designation of an industrial zone in the district in the same year as Kolín),

while the third control group consists of districts facing the same probability of

investment allocation (measured by a propensity score of receiving FDI). In addi-

tion, second and third control groups are restricted to districts which, in contrast

to Kolín, did not receive a high in�ow of FDI, i.e., were not subject to treatment
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(districts included in the three control groups are presented in Table 5). The most

precise estimate of the impact of the investment can be expected in the case of the

third control group, since the use of propensity matching scores yields the most

plausible comparison group consisting of districts most similar to Kolín conditional

on observable covariates. (The second control group can potentially lead to inaccu-

rate estimates due to the fact that the decision about industrial zone creation may

be a¤ected by unobservable factors.) The use of the district of Louny (containing

µZatec, which was the other location under consideration) as a suitable control group

is made impossible due to the fact that µZatec eventually also became a high-FDI

recipient thanks to the designation of the Triangle industrial zone.

6.2.4 Structural break date

The date of the announcement of the TPCA investment was December 2001 and,

therefore, the beginning of 2002 is used as a trend break. Alternative dates are

used for a robustness check, given that the very announcement may not have had

an immediate impact on the labor market, and a time delay in the e¤ectivity of

the impact is allowed for. A dummy indicating the transitory period after the

announcement is introduced and several speci�cations with di¤erent spans of this

time period are examined.

Zivot & Andrews�test for determining structural breaks is performed for unem-

ployment out�ow and in�ow. This test suggests that the trend break for out�ow

is September 2002 (a date corresponding to the start of the hiring process for the

company) and the break for in�ow is May 2005 (a date two months after the full pro-

duction process began). These �ndings indicate that the start of the hiring process

had a big impact on the out�ow rate from unemployment. On the other side, the

in�ow rate changed substantially after the start of the production, indicating a high

�uctuation of workers.
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7 Data

The empirical evaluation is based on data from the Unemployment Registry (UR),

the Labor Force Survey (LFS) and the Czech National Bank (CNB).

The UR data contains information from District Labor O¢ ces about the number

of registered unemployed. The data covers the period 1998 - 2006 and includes

district-level information about unemployment �ows into and out of unemployment

on a monthly basis as well as about the structure of unemployment across education,

age, sex and unemployment duration on a quarterly basis.

The Labor Force Survey15 is conducted quarterly using a rotating household

sample of around 25 thousand households (60 thousand individuals). Households

are chosen randomly and each member of a chosen household is interviewed so that

all age, social and economic groups are represented in the sample. Based on the

most recent demographic census, each individual is assigned a weight representing

the overall district-, age- and gender-speci�c cohorts in the population to remove any

discrepancy between the structure of the sample and the structure of the population.

The Labor Force Survey includes information about individual labor market sta-

tus, age, education, sector of employment/duration of unemployment and other char-

acteristics which allow (multiplying each individual by the corresponding weight)

specifying the share of individuals according to age, education and labor market

status in each district during each quarter. In addition, the information about the

sector of employment enables construction of the industry structure of each district

(shares of di¤erent sectors in total employment). In the analysis, the LFS data dur-

ing the years 1998-2006 are used in constructing district-level panel data for eight

consecutive quarters.

The CNB provides district-level FDI data on a yearly basis. FDI is de�ned as a

capital investment from abroad which maintains a permanent equity relation with

15The survey is conducted according to the recommendations of the International Labour Or-
ganization and Eurostat methodology which ensures that the obtained data are in line with the
standard interpretation of labor market characteristics.
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a company in the source country and owns a de�ned share of domestic company

equity (in the host country).16 The level of FDI is then measured as a sum of three

components - equity capital, reinvested earnings and intra-company loans.

8 Results

The evaluation of FDI impact on the local labor market starts with an analysis of

unemployment �ows since these are the main underlying processes behind changes

in the stock of unemployed. The next step is to examine how possible changes in

unemployment �ows have a¤ected aggregate exit hazard rates and overall unem-

ployment. Finally, the assessment of the impact on total employment concludes the

analysis.

8.1 Unemployment out�ow and in�ow

In Tables 6 and 7, the main labor market indicators are reported for Kolín (in both

the period before and after the TPCA investment). It can be seen that before

the investment almost 580 people became unemployed every month on average and

about the same amount left unemployment. This can be compared with an average

unemployment stock of more than 4,400. Mean values for labor force and unem-

ployment �ow rates relative to unemployed as well as labor force are presented too.

In the period after the investment, on average the unemployment out�ow decreased

to 567, out�ow increased to 587 and overall unemployment stock decreased to 4,313.

Signi�cance testing for the di¤erence before and after the TPCA investment showed

no di¤erence for out�ow, in�ow and out�ow rate at 5 percent signi�cance level but

a di¤erence for overall unemployment, unemployment rate, labor force and in�ow

rate. A statistically signi�cant change in labor force indicates there has been a

positive net migration into Kolín after 2002.

16Firms with at least 10 percent of foreign ownership share are de�ned as foreign.
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Evolution of unemployment �ows for Kolín is mapped in Figure 5. There appears

to be a trend of decreasing in�ow and less pronounced increasing out�ow from 2003.

Visual illustration, therefore, suggests that there could have been some positive

impact of TPCA on levels of unemployment through shifts in out�ow and in�ow.

Tables 8 and 9 present results of di¤erence-in-di¤erences estimations of the e¤ect

of the investment project on these �ows. Districts with similar propensity scores for

receiving investment (but which did not receive much FDI) should yield the most

precise estimate, therefore, the focus is put on this set of districts (control group

3). There is a signi�cant positive e¤ect on unemployment out�ow which increases

by 2.5 percentage points overall, while if allowed for the transitory period between

the start of the investment project and the time the e¤ect actually takes place

(captured by dummy variable Imp_mid), the impact rises to 3 to 5.5 percentage

points (increasing with the length of the delay). On the contrary, the impact on

the in�ow into the pool of unemployed is always statistically insigni�cant even when

allowing for the time delay (column 3 in Table 9).

Thus, it seems that the TPCA investment has increased unemployment out�ow

rate while the in�ow rate into unemployment was una¤ected, thereby implying a

decrease in the average duration of unemployment and a positive e¤ect on the local

unemployment rate. Before turning our attention to this indicator, I examine which

cohorts of unemployed have bene�ted the most from the investment by looking at

the aggregated exit hazard rates out of unemployment for di¤erent unemployment

durations.

8.2 Exit hazard rates

The results of the SURmodel estimating the impact of the TPCA investment project

on aggregate exit hazard rates for di¤erent durations are displayed in Table 10. A

positive and statistically signi�cant increase in the aggregate exit hazard rate for

leaving unemployment with durations less than 9 months during the following three
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months is identi�ed but no signi�cant e¤ect for durations greater than 9 months

is con�rmed. The probability of leaving unemployment during the following quar-

ter has increased by 2.5, 3.1 and 4.4 percentage points for durations less than 3, 6

and 9 months, respectively. The e¤ect seems to vanish, however, for unemployment

durations more than 9 months. An important �nding is that the FDI in�ow has

helped people who have experienced only short unemployment spells: chances for

short-term unemployed to �nd a job have increased while individuals with unem-

ployment duration more than 9 months, on the contrary, have not bene�ted from

the FDI in�ow.

8.3 Unemployment

The observed impact of FDI on the unemployment rate is shown in Table 11. There is

a statistically signi�cant positive e¤ect on the unemployment rate, which decreased

by 1.7 to 3.8 percentage points depending on the allowed length of the time delay

(captured by the dummy variable Imp_mid). As can be deduced from the exit

hazard rates analysis, this decrease in unemployment is driven by the higher rate of

out�ow of short-term unemployed from the pool of unemployed.

A decrease in the unemployment rate by one percentage point corresponds roughly

to 470 additional unemployed workers �nding a job. It can be, therefore, claimed

that the true impact of the investment project (a 2.7 percentage point decrease)

corresponds to roughly 1,260 unemployed people who found a job due to the invest-

ment project, which makes the impact of the investment project also economically

signi�cant.
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8.4 Employment

Figure 6 shows the employment rate, labor force, participation rate and unemploy-

ment rate17 for Kolín during the years preceding and following the TPCA invest-

ment. The participation rate maintains its level at approximately 50 percent while

there is a modest increase in the employment rate and decrease in the unemploy-

ment rate over the years 1999-2004. This may be the e¤ect of inward FDI, but

it is possible that the conditions in the labor market were improving prior to the

arrival of the investor, giving a signi�cant positive trend throughout the whole pe-

riod. In order to �lter out overall trends, a di¤erence-in-di¤erences estimation is

performed, with the estimated impact of the FDI in�ow on the employment rate

presented in Table 12. The results indicate that there was a positive and lasting

true impact on the employment rate, which signi�cantly increased by 3.7 percent-

age points. The productive age population (15-65 years of age) in Kolín during

2002-06 was approximately 68,000; this percentage change, therefore, corresponds

to an absolute increase in employment by almost 2,500 individuals. Considering the

fact that initially more than half of the 3,000 employees hired by the TPCA came

from other districts or abroad (most of these individuals were not covered by the

Labor Force Survey as employed in Kolín nor registered as previously unemployed

by the Kolín district labor o¢ ce due to having a di¤erent place of residence), the

investment has generated extra jobs in the local labor market through spillovers on

domestic suppliers or increased demand in other sectors.

Overall, the TPCA automobile investment in Kolín positively a¤ected local em-

ployment. Given than at most 1,500 workers residing in Kolín were hired by the

investor (one half of reported vacancies) and the observed increase in employment

was 2,500, there has been a positive spillover of roughly 1,000 individuals who found

17Employment rate is calculated as a fraction of currently employed people divided by the total
working-age population (15-65 years of age), participation rate as a percentage of active people
(employed or currently searching for a job) to total working-age population and unemployment
rate as a fraction of unemployed divided by the active labor force.
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a job indirectly due to FDI in�ow. The increase in employment can be divided

into in�ows from unemployment (1,200 workers) and out-of-local-labor-force (the

remaining 1,300 workers). To conclude, spillover e¤ects on the local labor mar-

ket have outweighed possible crowding-out e¤ects thanks to backward or forward

linkages for domestic �rms and distributors.

8.5 Placebo simulations

As noted before, di¤erence-in-di¤erences estimation may lead under some circum-

stances to inconsistent standard errors. Rather than concentrating on correct stan-

dard errors, I calculate how often various speci�cations would falsely reject the null

hypothesis of no e¤ect. Using placebo interventions, a sensitivity check is performed

by inspecting rejection rates for ordinary OLS standard errors and bootstrapped

standard errors.

In Table 13 I report rejection rates of the null hypothesis of no e¤ect for di¤erent

speci�cations. Using 1,000 simulations, a serious overestimation of the signi�cance

levels is found in the case of conventional standard errors (between 30 and 46 per-

cent for control group 3). Block bootstrapping helps to deal with this issue and,

compared to conventional standard errors, block bootstrapped standard errors lead

to a decrease in the number of falsely rejected null hypotheses for all analyzed labor

market indicators (e.g. from 30.6 to 12 percent in the case of the employment rate),

though there remains a slight over-rejection even when using bootstrapped standard

errors.18 Importantly, the block bootstrapped standard errors did not change the

signi�cance of the estimates, therefore it is reasonable to claim there really was a

signi�cant and positive impact of the project on the local labor market.

18Bertrand et al. [2003] note that block bootstrap performs well when the number of groups is
large enough.
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9 Conclusion

In this paper, the impact of the TPCA investment project in Kolín on the local labor

market performance is evaluated. The TPCA investment project was the largest

investment project in the Czech Republic between 1993-2006. I have investigated the

dynamics of unemployment �ows, unemployment rate and employment rate using

aggregate exit hazard rates out of unemployment. Using di¤erence-in-di¤erences

estimation, the results indicate a positive and signi�cant (both statistically and

economically) impact on out�ow rate from unemployment and aggregate exit hazard

rates from unemployment with a duration of less than 9 months. This change

resulted in a decrease in the total number of unemployed by 1.7 percentage points,

mainly due to a drop in short-term unemployment.

There is some doubt about the consistency of conventional di¤erence-in-di¤erences

standard errors and, indeed, a serious underestimation of the standard deviation of

the estimated treatment e¤ects is found. Therefore, a blocked boostrap technique

has been used to compute standard errors. The consistency of standard errors has

been checked by placebo simulations when a thousand placebo interventions were

randomly generated. If standard errors are estimated consistently, the rejection rate

should not di¤er too much from the signi�cance level. I �nd that block bootstrap-

ping substantially reduces the number of false rejections of the null hypothesis. Even

after accounting for the autocorrelation of the data, however, the rejection rate is

still greater than 5 percent, which casts some doubt on the analysis and, therefore,

should be taken into account when interpreting signi�cance levels.

There has also been an apparent positive in�uence of the investment on local

employment, which increased by 3.7 percentage points following the TPCA invest-

ment. Thus, the investment project has a¤ected the whole district positively and

more people bene�ted from its presence than the reported number of employees

at TPCA. Since it is known from anecdotal evidence that more than one half of

the workers in the company migrated to get a job at the TPCA, there must have
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been a substantial spillover on suppliers or other industries. To summarize, it can

be argued that the local labor market bene�ted from FDI in�ow and fears that a

crowding-out e¤ect would negate direct vacancies created by inward FDI were not

con�rmed. It should also be noted that this study concerns solely the impact of FDI

without analyzing the role of public incentives for FDI in�ow and allocation. The

evaluation of the system of �nancial incentives and its e¤ect on foreign investors�

allocation decision remains a subject for further research.
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A Appendix

Figure 1: The location of the TPCA investment in Kolín
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Figure 2: The deseasonalized unemployment rate in Kolín and neighboring districts
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Figure 3: The unemployment rate in Kolín, the Central Bohemian region and the
Czech Republic (deseasonalized)
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Figure 4: The distribution of FDI in�ow per capita (excluding Prague)

cu
t­o

ff

Ko
lín

0
.0

1
.0

2
.0

3
.0

4
.0

5
D

en
si

ty

­90 ­60 ­30 0 30 60 90
FDI inflow per capita

Source: Czech National Bank

Across districts, 2002
The distribution of FDI inflow  per capita

Figure 5: Unemployment �ows in Kolín
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Figure 6: Employment, participation and unemployment rates in Kolín
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Employment Participation Unemployment

Table 1: Yearly GDP growth in real prices (percent)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Czech Republic 6.4 4.0 -0.7 -0.8 1.3 3.6 2.5 1.9 3.6 6.1

Hungary 1.5 1.3 4.6 5.1 4.2 5.2 3.8 3.5 2.8 3.8

Poland 7.0 6.2 7.1 5.0 4.5 4.2 1.1 1.4 3.8 5.3

Slovakia 6.9 6.6 5.7 3.7 0.3 0.7 3.2 4.1 4.2 5.4

Source: World Bank, Czech Statistical O¢ ce, Slovak Statistical O¢ ce.

36



Table 2: Characteristics of Kolín and neighbouring districts

Ur Wage Distance Time
(%) (CZK) (km) (min)

Kolín 9.5 13,476 5 6
Bene�ov 3.2 13,080 55 55
Hradec Králové 6.1 14,015 71 60
Kutná Hora 10.5 12,454 12 15
Nymburk 8.6 12,962 21 20
Pardubice 5.4 13,800 48 45
Praha - East 2.9 16,667 50 45

Source: µCSÚ (2001), own calculations.
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Table 5: Control groups used in the analysis

The table presents three control groups of districts used in the econometric evaluation of the FDI

impact on Kolín local labor market.

Control group
1 2 3

all districts Litomµeµrice Kladno
excluding Prague Louny Sokolov

Chrudim Dµeµcín
Jiµcín Jiµcín
Frýdek-Místek Svitavy

Trutnov

Note: All districts were split into two groups based on the per-capita FDI in�ow: �high-FDI�and

�low-FDI�groups. Districts with FDI-per-capita in�ow above 20 thousand CZK during 2002 were

classi�ed as �high-FDI�(about 20 percent of all districts) and the remaining districts were classi�ed

as �low-FDI�. Control group no. 2 then consists of districts where a new industrial zone started in

2002 (as in Kolín) but which despite this fact still belong to the �low-FDI�category (Kolín belongs

to the �high-FDI�category due to the TPCA investment). Control group no. 3 is based not on

the industrial zone designation, but on the propensity score of belonging to a �high-FDI�group. A

simple probit estimation (excluding Kolín) controlling for district infrastructure, educational and

industry structure is used to estimate the propensity of receiving treatment (a lot of FDI) and the

subgroup of districts with a similar propensity score as Kolín (within a certain bandwidth) that

belongs to a �low-FDI�group represents the appropriate control group.
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Table 6: Unemployment stocks and �ows 2000-2002 in Kolín
Variable Mean Std. Dev. Min. Max. N

In�ows 579.18 114.32 434 838 44
Out�ows 575.73 106.77 341 811 44
Unemployment 4413.27 255.02 3938 5031 44
Labor force 45286.38 805.92 44446 47583 44
In�ow Rate 0.0142 0.0028 0.0106 0.0208 44
Out�ow Rate 0.1306 0.0258 0.0749 0.1907 44
Unemployment Rate 0.0978 0.0062 0.0864 0.1132 44

Table 7: Unemployment stocks and �ows 2003-2006 in Kolín
Variable Mean Std. Dev. Min. Max. N

In�ows 566.91 112.18 424 813 46
Out�ows 587 121.31 303 809 46
Unemployment 4313.12 367.44 3380 4963 46
Labor force 48580.22 1900.99 46163 52458 46
In�ow Rate 0.0129 0.0028 0.0089 0.0194 46
Out�ow Rate 0.1356 0.0328 0.0653 0.2024 46
Unemployment Rate 0.0883 0.0102 0.0644 0.1063 46

Note: The means of the time series are not signi�cantly di¤erent for out�ow, in�ow and out�ow

rate, and they are signi�cantly di¤erent for unemployment, unemployment rate, labor force and

in�ow rate. Overall unemployment, unemployment rate and in�ow rate are lower and labor force

higher for the later period at the 5 percent signi�cance level.
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Table 10: Impact of the investment project on aggregate exit hazard rates

Control group
1 2 3

Duration 0-3 months
Kolín x After 2.023��� 2.502� 2.528�

(0.359) (0.978) (1.164)
Const 48.228��� 47.607��� 39.849���

(1.459) (3.446) (3.726)
Duration 3-6 months
Kolín x After 1.747�� 1.230 3.152�

(0.346) (1.478) (1.264)
Const 39.949��� 27.205 30.983���

(1.646) (5.636) (5.228)
Duration 6-9 months
Kolín x After 2.149��� 0.888 4.377���

(0.288) (1.278) (1.181)
Const 45.141��� 35.728��� 37.575���

(1.074) (2.210) (4.536)
Duration 9-12 months
Kolín x After -0.899� -0.538 0.290

(0.326) (1.252) (1.679)
Const 34.456��� 25.634��� 26.258���

(1.494) (4.506) (7.622)
Duration >12 month
Kolin x After 0.062 0.777 0.983

(0.955) (0.563) (0.534)
Const 30.579��� 17.142��� 15.705���

(1.321) (1.449) (1.491)
Joint sign. of Kolin x After 0.043� 0.117 0.012�
N 2584 204 252

Note: The table reports estimates from seemingly unrelated regressions with aggregate exit hazard

rate out of unemployment as a dependent variable. The estimation includes �xed-e¤ects, quarterly

dummies controlling for seasonal e¤ects and variables capturing district industry and educational

structure. The impact of the investment project is estimated using three di¤erent control groups.

The �rst control group includes all districts except for Prague, the second control group uses

districts with a newly designated industrial zone and the third control group consists of districts

chosen by propensity matching. Signi�cance levels: *** 0.1%, **1 %, *5%.
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