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Do Motorways Induce Wider Economic Benefits?
Evidence from the Slovak Republict

Vladimir BALAZ-Du$ana DOKUPILOVA —Eduard NEZINSK¥*

Abstract

This paper analyses wider economic and social otgpa@f motorways. It
analyses the development of socioeconomic variabléise Slovak LAU 1 re-
gions in the period 1997 — 2016. Difference inetighces, panel regression with
fixed effects, and synthetic control methods (S@&d)applied so as to identify
potential long-run effects of motorways on regiorabnomies and societies.
The paper finds positive effects of motorways ogesathe number of firms, and
internal migration. An SCM is the best procedunenh@asuring wider economic
benefits of motorways when the number of treatéts$ imlow or there is only
one treated unit.

Keywords: large transport infrastructures, regional developihempact assess-
ment, quasi experimental designs, synthetic conteihod
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1. Impact Assessment of Large Transport Infrastructure

1.1. Theoretical Framework

The New Economic Geography (Fujita, Krugman andabtes, 1999; Fuijita
and Thisse, 2002) suggests that growth in real svdgéermines the price of an
urban location and, thus, the real wage which eaaarned from jobs accessible
within that location (Vickerman, 2008). New trangpiafrastructure essentially

* Vladimir BALAZ — DuSana DOKUPILOVA, Institute foForecasting, Slovak Academy
of Sciences, Sancova 56, 813 64 Bratislava 1, BI®Republic; e-mail: vbalaz@yahoo.com;
dusana.dokupilova@savba.sk

** Eduard NEZINSKY, Institute for Forecasting, SlkvAcademy of Sciences, Sancovéa 56,
813 64 Bratislava 1, Slovak Republic and UniversifyEconomics in Bratislava, Faculty of
National Economy, Department of Economic Policy|idaemskéa cesta 1, 852 35 Bratislava 5,
Slovak Republic; e-mail: eduard.nezinsky@savba.sk

! This research was supported by the VEGA grant2@002/18.



432

increases the spatial size and competiveness olidaimarkets, and enables
productivity gains. A worker can move from a redindustry with lower to
higher productivity. An increase in real househwmldome therefore should be
one of the major outcomes of motorway constructisevelopment of transport
infrastructure promotes regional specialisatiothi production of certain goods
and increases productivity and development of apaélationships between
companies. The development of the automotive imgust Slovakia is a good
example of regional specialisation (Michniak, 204531). There also is a strong
correlation between the expenditures on the rofrdstiucture and GDP growth
(lvanova and Maséarova, 2013, p. 273).

Some authors object that the size of wider econdi@nefits is overestimated.
If an increase in agglomeration for one city isampanied by decreases for
other cities, the overall effect can be a zero-game (Kanemoto, 2013). There
is substantial evidence that while the expansioa afotorway network boosts
overall economic growth, it also may result in med reallocation of economic
activities, i.e. a ‘distributive effect’. Spatialstributive effects were found for
China (Yu et al., 2016), the Netherlands (Meijétsgkstra and Leijten, 2012),
the USA (Funderburg et al.,, 2010) and Finland (kata, Antikainen and
Rusanen, 2011). There is currently no establistoedansus on the magnitude
and relevance of wider economic impacts of largadport infrastructure pro-
jects, or on how and which of these impacts shd@daken into account in
transport appraisals (Wangsness, Rgdseth and H&ExEf).

Regional economies benefit from improved transpdrastructure in several
ways. Some direct economic effects are realisethgluhe period of a motor-
way'’s construction. Effects of fixed investmentsivéces and labour costs asso-
ciated with motorway construction are often asskdse Computable General
Equilibrium (CGE) models or input-output analysis.

The other types of social and economic effectenaise immediately after
a motorway is opened to the public and persist tifetime use of the infra-
structure. Better travel infrastructure shorteasét time, improves travel safety
and decreases vehicle operating costs. These £Heatetimes are difficult to
associate with specific regions. Improvements imgidistance travel need not
necessarily improve the economic and social mitieall regions traversed by
the new infrastructure. Transit travel, for examplenefits major transport hubs,
but some traversed regions can actually be woirsdetause of higher density
of travel-related noise and pollution.

The third types of economic and social effect$uide benefits which are not
captured within direct user benefits in terms didseravel. They usually are la-
belled ‘wider economic benefits’ and refer to imggments in regional economies
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and quality of life. These benefits essentiallyutefrom better accessibility of
regions. Time savings and lower transport costscéffely increase the size of
firms’ markets and enhance scale economies. Fimjwy eélocalisation econo-
mies’, in which they benefit from mutual proximitpetter-connected supply
chains, and access to specialised labour poolské¥fitan 2007, p. 12). Im-
proved accessibility, decreases in transport casis,the emergence of agglom-
eration effects improve the attractiveness of thgian for investors, tourists
and households. More firms are established, mdre goeated and more houses
constructed in regions with better connection tgomagglomerations. Good-
guality transport infrastructure promotes compeatitiess of local firms and in-
creases their productivity. Increased density ahdi should result in higher
productivity, as firms and workers can find moretchas in respect of their sup-
ply of skills.

The wider economic benefits for regions with imgad transport infrastruc-
ture are generally recognised in the literaturéransport economics and region-
al developments. Numerical specification of thedfgs, however, is subject to
discussions. There is considerable variation bystg in the magnitude of the
elasticities between agglomeration and urbanisaéiffacts and productivity
increases. A review of the studies on urbanisagicanomies for manufacturing
industries indicates that a doubling of a city sid#ypically associated with an
increase in productivity of somewhere between 1% Hi96 (Graham, 2007).

1.2. Research Hypotheses, Methods and Data

This paper analyses wider economic benefits of matgs on the LAU 1 level
in the Slovak Republic. In the absence of goodigualata on productivity
by industry, we use the surrogate measures of mapidevelopment. We test
the hypothesis from the New Economic Geography\lder economic benefits
of new transport infrastructure transfer to grovithreal wages, density of
firm population, employment opportunities, migratibalance, and residential
construction.

The paper has three objectives:

- It analyses whether construction of motorways eeabme wider econom-
ic benefits for traversed regions and, if so, whickes and how long it takes for
the benefits to materialise.

- It tests alternative methods for identifying potahtong-run effects of mo-
torways on regional economies and societies, astligses their advantages and
limitations.

« It LAU 1 level in Slovakia; furthermore, it reviewtbe validity of data for
capturing wider economic benefits of transportaefructure in Slovak regions.
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1.3. Data Sources

As for the choice of motorway projects, we foll®ephann-Isserman’s hy-
pothesis (Rephann and Isserman, 1994)ban spillover regions are located in
close proximity to large metropolitan regions an@ atimulated by residential
and employment decentralizatibhe key dependent variable — the presence of
a motorway in a Slovak district — is stated asif the district is connected to the
Trans-European Transport Network (TEN-T) and ‘Odtiherwise. Isolated parts
of motorways were discarded from this analysis.

We assume that potential of the motorway link tdly materialise only if
the motorway is connected to the TEN-T. Conneditoitne TEN-T is of particu-
lar importance for Slovakia. The Slovak Republis llasmall and very open
economy, with exports of goods and services neal@o GDP. Key Slovak
industries (automotive, consumer electronics) armidated by multinational
companies and dependent on long-distance roadotvend EN-T Priority Pro-
ject 25 (PP25) is a prolongation of former pan-fpean transport corridor VI. It
runs from Gdask via Katowice to Zilina (Slovakia) and throughwestern
branch via Brno to Vienna. An analysis of the pttdrspatial spillover effects
demonstrated substantial internal benefits for Treniin — Zilina section of
PP25 (Gutiérrez et al., 2011). Another analysi$olish motorways indicated
that improved international accessibility improveditorial cohesion (Spniak
and Rosik, 2013).

Figure 1
Slovak Districts Connected to the TEN-T Network

[ districts with no connection to TEN-T network
[ districts connected to the TEN-T network prior to 2000
I districts connected to the TEN-T network after 2000

Source:<www.historiadialnic.sk>.
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The data for this paper were provided by the Stedl Office of the Slovak
Republic (SO SR, 2017). The data for 1997 — 2016 vewailable for the fol-
lowing outcome variables on the LAU 1 level: (Lymher of firms, (2) number
of foreign-owned firms, (3) flats finished in cunteyear, (4) balance of internal
migration, (5) unemployment rates, and (6) avenagges’ Data for variables
(1) — (4) were normalised per 1 000 population.aDat wages were recomputed
to 1996 constant prices. Time series for variallgs(2), and (6) are non-sta-
tionary. All other time series are stationary.

2. Difference in Differences

Difference in Differences (DiD) is a traditionaliasi-experimental design for
evaluating the wider economic benefits of motorwdtysstimates causal effects
of certain policy interventions in pre- and pogeiwention periods. DiD com-
pares four different groups of regions: treatedwuguntreated regions in pre-test
versus post-test time periods. The regions firstly matched in respect of their
covariates before the pre-test period. The mairpgee of the matching is to
reduce bias in the estimation of the treatmentceffEhe pre-test compares the
development of treated and untreated regions daritnigll period before a motor-
way is put into operation. The pre-test tests thi iypothesis that there are no
significant differences between treated and uréteatgions before the construc-
tion of a motorway. The post-test compares growdiettories in treated and
untreated regions from the onset of motorway ojmrdb the final year of analy-
sis. If there are statistically significant diffaes in growth trajectories by treated
and untreated regions, they are attributed toffieeteof policy intervention.

If a motorway is part of a large-scale developm@noiect, investors and de-
velopers may move to the region before the conguiedf the motorway. Most
of the wider economic and social effects of largegport infrastructure, however,
emerge after the completion of a motorway. A metahgsis of 33 studies on
output elasticity of transport infrastructure fouhdt long-run output elasticities
of transport (over five years) are higher than shar ones (Melo, Graham
and Brage-Ardao, 2013). Some studies found thaewag motorway-traversed
regions may take as much as 13 years to differifgigntly from earnings in
regions with no motorways (Chandra and Thompso@QRQt is advised to have
sufficiently long pre-test and post-test periodewlevaluating wider economic

2 We have also considered effects of motorways eeldpment of tourism infrastructure. The
Statistical Office of the Slovak Republic providestdct-level data on numbers of beds in ac-
commodation establishments. Numbers of beds shdstautial annual variations in many dis-
tricts. Data was not available at all for somerditt due to individual data protection. We found
data on beds unreliable and dropped them fromriafysis.
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benefits of motorways. Rephann and Isserman (1984 a period of nine years
for matching, three years for the pre-test peramt] 22 years for the post-test
period. Chandra and Thompson (2000) used five-ywarintervention and
24-year post-intervention periods. The impact eatidin manuals and guide-
books from the national transport agencies of OE@Dntries tend to consider
post-intervention periods of 20 — 35 years (Forkeak and Weisbrod, 2001;
NPRA, 2006).

The choice of periods was driven by theory, eropirfindings from previous
studies, and data limitations in this paper. Dethsocioeconomic data for 79
Slovak districts are mostly available from 199698 %vas the matching period.
Ten districts in Western Slovakia (including Brktig) already had motorway
by 1989 Four districts were connected to the TEN-T in 1998999. The
abovementioned 14 districts were excluded fromatedysis. As for the remain-
ing 65 districts, 10 were connected to the TEN-@ &6 remained unconnected
in 2000 — 2016 (Figure 1). We therefore comparedfinected and 55 uncon-
nected districts in periods 1997 — 1999 (pre-tast) 2000 — 2016 (post-test).

The selection of covariates is the first stephea matching procedure. The
number of covariates may depend on the sample Aitienited number of co-
variates is preferred in small samples. A reviewudisi-experimental designs in
social science indicated that the majority of stedadd one to five covariates to
the analysis (Aussems, Boomsma and Snijders, 20h#) choice of covariates
was driven by theory on regional development. Regfioncome and employ-
ment usually are strongly dependent on the registioak of human capital. Urban
regions with high shares of tertiary graduates tentdave higher income and
employment levels than do sparsely populated rrgglons. We considered
(i) population density, (ii) shares of urban popioka, (iii) shares of tertiary
graduates, and (iv) average wage levels to be d¢laridicators of the regions’
endowment with human capital in 1996 (before thestroiction of a motorway).
All predictor variables, i.e. (i) — (iv), were stigly inter-correlated. The correla-
tion coefficient for an urban population and a dapan with tertiary education,
for example, was 0.818. As to avoid multi-collingaproblems, variables (i) —
(iv) were examined by factor analysis. One factasvestablished, which we
further refer to as ‘regional endowment with huncapital’. Factor scores were
used as inputs for covariate 1. Covariate 2 wag digtance (in km) from Brati-
slava to the regional capital in 1996. Distanceh® capital is extremely im-
portant in Slovakia. The Bratislava Region is aabt# outlier in terms of re-
gional development. Bratislava’'s 2015 regional Gdgeounted for 188% of the

% The Bratislava City comprises five and the KoSicey @ur districts. We further consider
Bratislava KoSice cities single entities.
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EU average and rendered Bratislava the fifth-rithegion of the EU-28.The
per capita GDP of the second-richest Slovak reiestern Slovakia) com-
prised only 71% of the EU average in the same (fearostat, 2017).

The next step in matching procedures is the chafickstance method. Some
older studies used the Mahalanobis metric (Replaanlsserman, 1994). Most
contemporary studies with a quasi-experimentalgteapply propensity scores.
Propensity scores can be estimated via a numlzteohative methods, but appli-
cation of logistic regression is the most commoocpdure (Stuart and Rubin,
2007). The two covariates entered the logisticaggion and generated Nagel-
kerke R Square = 0.288.

The distance measure is a key element in sampiehing. The most intui-
tive matching method for estimating the averagattent effect is k: 1 nearest
neighbour matching, where k = 1. The method sefecteach treated individual
i the control individual with the smallest distarfim individuali (Stuart, 2010,
p. 10). Some matching designs allow for a highenler of control group mem-
bers, but in a two-sample comparison of meansaticerracy is largely defined
by the smaller group size. The overall power of & may not actually de-
crease much, when the size of the treatment gwmdéhanged, and only the
control group decreases in size (Ho et al., 2007).

The validity of matches also depends on the propkre of the caliper — the
maximum tolerated difference between matched uMigler caliper widths
allow the inclusion of more subjects and incredmsedample size, but may in-
crease bias in estimating the treatment effectrdMaar caliper widths tend to
reduce bias, resulting in closer matches. Somes,uindwever, may remain un-
matched (Lunt, 2013). Some seminal studies on estimdifferences in means
recommend matching in respect of the logit of th@ppnsity score using caliper
values of width equal to 0.20 — 0.25 of the staddhaviation of the logit of the
propensity score (Austin, 2011; Wang et al., 20¥2& experimented with dif-
ferent caliper vales, but the 0.25 value seemeaabtét most effectively.

The quasi-experimental design has some limitatrefeted to confounding
variables and the sample size. The relation betwseireatment and effect may
be obscured by confounding variables. Confoundaripbles may refer to natural
disasters, major economic shocks and/or struathisiges in regional economies.
There were no large-scale natural disasters affp&lovak districts in the period
1997 — 2016. Economies of the Slovak districtsceeendent on manufacturing
and service industries, while agriculture, foresind fishing are of marginal

* Key Slovak companies had their headquarters irBtlagislava City. The Bratislava Region
has a much small area and population than coumtpjtads in other small European countries.
Regional per capita GDP therefore is higher thahithRrague or Budapest.
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importance for local employment and output. Slovagions in the south and
east of the country were heavily impacted by thenemic and social transition
in the early 1990s. Many regional industries calkpand the economic centre
shifted from central to western Slovakia (Smith98P Most transition processes
(privatisation, deregulation, liberalisation of éagn trade) happened in the first
half of the 1990s. We did not have data on indusgstructuring on the LAU
level, and could not check for the effect of comfding variables. We further
approximate data on industry restructuring via daitanternal migration.

Motorways may generate the reallocation of sonemeaic activities among
regions. Some effects on regional development akgrelocation effects: what
is gained by one region is lost by the other (Quig600). There is a concern
over the double counting of such effects (Vickerm2000). Spatial reallocation
of business activity may generate additional conéling effects. The data limi-
tations do not allow determining how much the iases in real incomes in the
TEN-T-connected regions were due to increasesadymtivity and how much
they resulted from reallocation effects.

The quasi-experimental design had to acknowledljmited sample of dis-
tricts with treatment effects (presence of the TEbbnnected motorway, N = 10).
Many studies in social science and economics haveotk with small samples.
There is no fundamental objection to using a regutast even with extremely
small sample sizes. The t-test can be appliedragsde the effect size is expected
to be large (de Winter, 2013, p. 8).

We considered two samples: one for matched samplg®ne for unmatched
samples (Table 1). The unmatched samples compéréedted districts to 55
untreated ones. The matched samples comparedat@dmdistricts to 10 districts
matched via the propensity score matching (PSMggaore. Unemployment
rates and wage levels became significant in theatcimed sample. As for the
matched sample, the pre-test indicated no statilstisignificant differences
between treated and untreated districts in theode®97 — 1999. The disparities
in real wages in treated versus untreated disincteased from 4% in the period
1997 — 1999 to 14.6% in the period 2000 — 20164t:tsig. 0.001). The growth
in real wages was the only treatment effect sigaift on the 0.05 level in the
matched sample.

Unemployment rates were lower in treated distticts in the untreated ones
in both the pre-test and post-test periods. Theadises in unemployment rates
were significant on the 0.01 level in the pre-t@stiod and the 0.05 level in the
post-test period.

The construction of a motorway seemed to have ktfect on the number of
firms per 1 000 population. As for the foreign-owrf@ms, their numbers actu-
ally increased by higher rates in unconnected idistthan in connected ones.
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This fact, however, relates to cross-border trautk tax optimisation strategies
by foreign firms in some districts on the southborder of Slovakid.The in-
crease in migration balance in the TEN-T-connedistticts (matched sample)
may correspond to the increase in productivity esad wages. The effect, how-
ever, was not significant on the 0.05 level.

Table 1
The t-test for Unmatched and Matched Districts

TENT-T | N | Mean [std.Dev SEM | N | Mean | std.Dev[ sEM

motorway Unmatched samples Samples matched by PSM
Firms No 55 0.74 0.40 0.05 10 0.68 0.21 0.07
1997 — 1999 Yes 1Q 0.96 0.58 0.18 [0 0.9 0.58 0.18
firms No 55 1.46 0.78 0.11 10 1.50 0.60 0.19
2000 - 2016 Yes 1Q 1.92 0.88 0.28 [0 1.92 0.88 0.28
Foreign firms No 55 0.40 0.35 0.05 10 330. 0.21 0.07
1997 — 1999 Yes 10 0.58 0.34 0.11 Lo 0.58 0.34 0.11
Foreign firms No 55 1.32 1.54 021 10 32.0 2.99 0.94
2000 - 1916 Yes 1Q 1.43 0.70 0.22 [0 143 071 0.22
Flats per 1 000 pop. No 55 1.63 0.71 0.10 10 1.74 0.83 0.26
1997 — 1999 Yes 1Q 154 0.60 0.19| 10 154 0.60 0.1p
Flats per 1 000 pop. No 55 2.04 1.23 0.17| 10 2.23 1.28 0.4D
2000 - 1916 Yes 10 2.38 0.61 0.19 10 2.38 0.61 0.1p
Migration balance No 55 0.03 267 0.36| 10 0.10 1.76 0.5p
1997 — 1999 Yes 1Q 0.4 1.39 0.44| 10 0.46 1.39 0.44
Migration balance No 55 -038 271 0.37| 10 -0.45 2.30 0.7B
2000 - 2016 Yes 1Q 043 146 0.46| 10 0.43 1.46 0.4p
Unempl. rate (%) No 55 19.38* 5.38 0.73| 10| 18.88* 3.62 1.14
1997 — 1999 Yes 1q 13.84 3.59 1.13 10| 13.84 3.59 1.13
Unempl. rate (%) No 55 16.07* 5.71 0.77| 10| 15.33* 3.67 1.16
2000-16 Yes 10| 11.78 3.77 1.19| 10| 11.78 3.77 1.19
Avg. wages, EUR No 55 251.28 31.66 4.27 10| 245.55 18.14 5.74
1997 — 1999 Yes 19 263.08 22.78 7.20| 10| 263.08 22.78 7.2
Avg. wages, EUR No 55 291.43 39.48 5.32| 10| 275.14** | 21.36 6.76
2000 — 2016 Yes 10 315.19 24.20 7.65 10| 315.19 24.20 7.65

Notes:SEM — standard error mean; *** significant on th@01 level; ** significant on the 0.01 level; *gsiif-
icant on the 0.05 level. Data for firms, foreigmfs, flats and balance of internal migration asatest per 1 000
population. Real wages — constant 1996 prices. #ag&lovak korunas converted to euros via coneersi
rate 1 EUR = 30.126 SKK for period 1997 — 2008.

SourcesStatistical Office of the Slovak Republic and auth computations.

The problem with a small sample essentially ig tfea matching problem,
wherein matched samples should be preferred to whed ones (Lechner,
2010). A comparison of means in treated and umdeaiatched samples also
indicates that the districts with motorways imprd\vbeir regional economies in
terms of unemployment rates, housing, and migrédt@iances. These improve-
ments, however, were not significant on the 0.0&lleThis finding may be the
result of a small sample of treated districts.

5 The highest numbers of foreign firms per 1 00Qabsitants were found for rural districts on
Hungarian border (Komarno 21.8, Nové Zamky 7.0 Baghajska Streda 5.9) in 2016. Inland-
located industrial and metropolitan districts actted for lower density of foreign firms (Martin
1.5, Trewin 3.5, Trnava 3.1, Zilina 5.2).
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3. Panel Regression with Fixed Effects

The fixed-effect (FE) model is a generalisatiorttef DiD model when there
are more than two groups and periods. Individuetlipanel data are embedded
in districts for multiple years and the treatmerannection to the TEN-T net-
work) varies over the district — year level. The &&fimation method uses panel
data for regions. The treatment effect is denog=d ‘af the region was connect-
ed to the TEN-T and ‘0’ if otherwise. As to make thE model comparable with
the DiD, observations with TEN-T = 1 in 1997 — 1986re excluded from the
dataset. This decision, inter alia, excluded thatiBlava City districts (signifi-
cant outliers). We use a standard framework model

Ye =+ BTENT +Zy+ p

for the identification of treatment effegton variables of interest We explore
the effect of treatment on wages, flats, interngration, the number of enter-
prises, and unemployment rates. Matrix of contaniablesZ, include popula-
tion density (DENS), the share of population witgher education (HES) and
the share of urban population (UPS) in the regions.

Since we are not primarily interested in time-m&at characteristics of indi-
vidual regions, we allow them to be soaked up tha,. The fixed-effects es-
timator is then robust to any observed or unobsktimee-invariant omitted vari-
ables. During the course of estimation, time-fixawbservable differences be-
tween the regions (e.g. geographical or histobalracteristics of districts) be-
come effectively eliminated.

One method for model estimation includes crossiesal (regional) dum-
mies. The dummies capture region-fixed effects. Thedel specification
(i) allows testing the model for joint significancd the period dummies, and
(i) justifies the identification strategy. The dysed period covers both years
of high economic growth and downturn. We also ideldime (year) dummies
in the model, so as to account for some time-varyactors, such as business
cycles affecting all regions.

The DiD and FE regression rest on some commomgigans. Counterfac-
tual levels for treated and untreated can be differbut their time variation is
similar. A constant and additive effect generatésoatrol group’ that can be
substituted for the missing counterfactual. In #desence of treatment, the
change in the treated outcome would have beendime @s the change in the
untreated outcome, i.e. changes in the econonagylite, etc. (unrelated to treat-
ment) affect the two groups in a similar way. Tlemg data enable controlling
for factors that vary across entities, but not diume. The regression cannot in-
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clude unobserved and unmeasured variables. Onvistiéalble bias may emerge.
The key idea is that if an omitted variable doesal@mnge over time it cannot
affect time variation in the dependent variable.

We conducted preliminary testing of variables widfspect to stationarity.
The relevant literature suggests that panel-basidaot tests have higher power
than do unit root tests based on individual timeese Two variants of the null
hypothesis are possible: the common unit root p®ceiggested by Levin, Lin
and Chu (2002) and the individual one exploredrbyPesaran and Shin (2003),
Maddala and Wu (1999), Choi (2001), and Hadri (200@g length and band-
width selection is automated by the software paek&gsults of the panel roots
test are reported in Appendix 1. The results prastationarity for all of the time
series except for the number of firms and averaagew.

Estimates of the treatment effect, along with dtaid errorst-statistics and
respectivep-values, are reported in Table 2. Statistics fantids also are in-
cluded. The treatment effect is of primary inter&ddte significance level for
only the TEN-T coefficient is indicated. The FEimsttion results suggest that
connection to the TEN-T network has a positive amphificant impact on the
number of firms and flats per 1 000 population. 8% treated regions were
1.5 percentage points higher than in untreatednsgiCoefficients for migration
and unemployment are of the expected sign, busigoificant at a reasonable
significance level.

The FE model indicated positive, albeit much lovedfects of the TEN-T on
wages than did the DiD model. DiD operates on tjgregated data. DiD may
under- or overestimate the size of the treatmdeteif there is a downward or
upward trend in the dependent variable. The wagmhle, for example, was
non-stationary. The FE model provides for more itegtansights into develop-
ments in the treated unit over time. DiD has twgamadvantages over FE. The
PSM procedure is easy to apply in the DID. Appl@atof matching procedure
results in more realistic estimates of outcome aldeis. Application of PSM
procedure to the FE model proved more challengirgy td data constraints for
control variables. Another advantage of DID over iEEhat data averaging in
DiD may remove some random effects in the sample.

We complement the FE model estimation results Witee sets of tests for
period and time dummies. Set 1 (‘Cross-sectiondfl set 2 (‘Cross-section
Chi-square’) evaluate the joint significance of ttress-section effects. Sets 1
and 2 use sums of squares (F-test) and the lilaiionction (Chi-square test)
under the null that the cross-section effects ateimdant. Set 3 evaluates the
significance of period dummies in the unrestricteddel against a restricted
specification with region effects only. The remampiresults evaluate the joint
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significance of all effects respectively. Redundbxed-effects test results are
reported in Appendix 1.

Table 2
Regression with the Fixed Effects
Variable Coefficient | Std. Error t-Statistic Prob.
Dependent variable firms per 1 000 population
Cc 0.629 0.223 2.810 0.005
TEN-T connection 0.184 0.059 3.092 0.002p
Share of population with higher education 0.116 .01Q 9.167 0.000
Share of urban population —0.008 0.001 4.454 .00
Population density 0.001 0.001 0.570 0.569
Dependent variable foreign firms per 1 000 popwiati
Cc 3.353 0.820 4.093 0.000
TEN-T connection -0.313 0.218 -1.436 0.151
Share of population with higher education —-0.124 046. —2.683 0.007
Share of urban population —0.020 0.007 —2.934 0.003
Population density 0.000 0.004 0.104 0.917
Dependent variable flats per 1 000 population
Cc —-0.642 0.657 -0.977 0.329
TEN-T connection 0.449 0.169 2.658 0.008F
Share of population with higher education 0.290 .030 7.7429 0.000
Share of urban population -0.014 0.005 —2.684 0.00Y
Population density 0.004 0.003 1.369 0.171
Dependent variable migration balance per 1 000 pajen
Cc —4.289 1.094 -3.918 0.000
TEN-T connection 0.406 0.282 1.442 0.150
Share of population with higher education 0.315 .068 5.053 0.000
Share of urban population -0.022 0.009 —2.50 0.012
Population density 0.014 0.005 2.72113 0.007]
Dependent variable unemployment rate
C 10.120 1.335 7.581 0.000
TEN-T connection —0.193 0.355 —0.543 0.587
Share of population with higher education 0.287 .076 3.800 0.000
Share of urban population —-0.005 0.011 -0.436 0.662
Population density 0.021 0.006 3.231 0.001
Dependent variable log wages
C 5.676 0.034 167.099 0.000
TEN-T connection 0.015 0.009 1.742 0.082
Share of population with higher education —0.001 002. —0.666 0.505
Share of urban population —-0.000 0.000 -0.823 0.410
Population density 0.000 0.000 -0.224 0.823

Notes: Covariates: (i) population density; (ii) sharesusban population; (iii) shares of tertiary gracest
*** significant on the 0.01 level; * significant otie 0.1 level.

Source:Authors’ computations.

4. Synthetic Control Method

The synthetic control method (SCM) creates a weijlaverage of untreated
units (‘synthetic cohorts’) that best reproducearabteristics of the treated unit
over time, prior to treatment (Abadie, Diamond ateinmueller, 2010; 2015).
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The impact of treatment is quantified via a comgaami of performance by the
treated versus synthetic cohorts after treatmem. Synthetic cohort is a coun-
terfactual statistical unit, i.e. a synthetic claig¢he treated cohort.

The SCM extends the traditional linear panel ¢ditierence in differences)
framework. It has several advantages over thetiwadi DiD approach. The
SCM enables the quantification of causal effectemtinere are only one or few
treatment units. This is an advantage in a sitnatberein there is substantial
heterogeneity within the population of treated sinithe SCM allows the effects
of unobserved variables on the outcome to vary tantke.

The rapidly growing literature on the SCM includesny evaluations of
regional policies. Castillo et al. (2017) evaluatkd causal effects of regional
industrial policies on tourism employment in Argeat Gobillon and Maganc
(2016) used interactive fixed effects and an SCMttaly the effects of enter-
prise zone policy on local unemployment in Frarfeercoco (2014) evaluated
the effects of road-pricing schemes on curbingytiolh and congestion in the
city of Milan. Ando (2015) examined the impactsnofclear power facilities on
growth in local per capita income in Japanese mpaities. The SCM has been
rarely used to analyse regional impacts of largegport infrastructure projects.
Tveter, Welde and Odeck (2017) examined the impawtsettiement patterns
for 11 fixed-links projects constructed from 19892008 in Norway. The SCM,
to the authors’ best knowledge, has never been tosedaluate wider economic
benefits of motorways.

Table 3 summarises the key results of the SCM.tahke compares the de-
velopment of annual average values of actual vessushetic units in post-
treatment periods. The most significant resultsewdstected for wages and un-
employment rates. Average real wages increasedviens the number of firms
in eight and the number of flats in three out ofdidricts connected to the TEN-T
in 2000 — 2011. Unemployment rates decreased iauinf 10 districts. Detailed
results for each district are reported in Appentlixeconomic theory suggests
that many effects of motorways materialise oveiades. The impact of treatment
increased with the length of the post-test peribloe most significant effects
were detected for metropolitan and urban regiomsipusly unconnected to the
TEN-T. The most significant wage increases weredatet! in three out of four
metropolitan/urban regions (Nitra, Banska Bystraoad Zvolen) compared to
their synthetic counterpart after connection toTE-T °

5 No significant wage increase was detected forAtiea district. The Slovak Government
signed agreement with the KIA Motors company in£200he KIA planned to start its operations
in 2006 and the Slovak Government pledged to cdnihecZilina district to the TEN-T in the
same year. The KIA actually started car productior2006, but the motorway was finished in
2010. The big foreign carmaker had significant &ffen rise in wages, flats and migration balance
prior to Zilina’s connection to TEN-T



444

Table 3

Performance of Actual versus Synthetic Districtgannual averages)

District TEN-T |Wages (%) | Unemployment (%) | Firms (%) | Flats (%) | Migration
Galanta 2000 +3.0 -3.50 +38.0 +78 +0.26
Nitra 2000 +8.6 -1.60 +5.2 +16 +2.84
Povazska Bystrica 2005 -5.6 +1.70 -25. 24 -0.11
Bytca 2010 +3.6 +0.55 +9.4 -24 +1.79
Zilina 2010 +2.0 +0.41 +2.0 -31 +0.52
Banska Bystrica 2011 +4.8 -0.53 +2.8 -11 +0.1
Zlaté Moravce 2011 -35 -1.30 +5.6) +32 —-0.004
Zvolen 2011 +8.0 +0.06 -4.9 -28 +0.47
Zarnovica 2011 -1.0 -2.10 +1.3 -16 +0.47
Ziar nad Hronom 2011 +2.0 —0.96 +1.7 -16 —0.84

Notes:Data for wages, firms and flats are percentage@mbetween real and synthetic variables to stiathe
ones. Unemployment rates and migration balancedifieeences between values of real and synthetices.

Source:Authors’ computations.

The migration balance variable was impacted bgrdaunding event — sig-
nificant immigration to the rural backgrounds ofaBslava and metropolitan
districts in the KoSice cities. The internal migpat balance was significantly
higher in the suburban districts of Malacky (3.Ayl@ezinok (4.7) than the Slo-
vak average (excluding Bratislava and KoSice citi§)). The abovementioned
districts were considered outliers and excludednhftbe donor pool of internal
migration. Adjustment of the donor pool had a saibt$al effect on the migration
balance variable. Some actual districts underpexdol;, compared to synthetic
ones, before adjustment, but outperformed aftanstilient. The finding points
towards the importance of proper compaosition ofdbeor pool.

The SCM comes with some limitations. It works mefectively with long-
-time series for treated and untreated units. mthgtic cohort derives from
a donor pool of untreated units The SCM assumestiieae are no spillovers
from treated regions to the pool of donor regid@sality of the SCM model
essentially depends on the size and structureeofldmor pool. If there is a sig-
nificant outlier in the treated sample, a synthand is difficult or impossible to
create (Craig et al., 2017, p. 47). Bratislava {ity example, would be difficult
to replicate from the donor pool of other Slovaktdcts. The SCM further re-
quires that (i) predictor variables be comparahlehie donor pool and treated
pool units in the pre-test period, and (ii) effestshe predictor variables on the
outcome variables be approximately linear. The ab@@ntioned requirements
regarding spillovers, outliers and the comparabiit predictor variables across
regions are not easy to maintain in real life.

Another important limitation of the SCM is thatdbes not provide clear
guidance as to the choice of predictor variables should be used to estimate
the synthetic control weights (Ferman, Pinto andsebom, 2016, p. 2). The



445

SCM enables creating counterfactuals for individuwaits or small groups, but
frequentist p-values cannot be used to test thdityabf inference. No general
agreement has emerged on methods for assessiggdatieess of match between
the actual and synthetic units thus far (Fremetblbttn and Richter, 2016,
p. 30). Most authors apply the ‘across-unit’ ortime’ placebo test to examine
the goodness of fit. The latter test, for examafmlies hypothetical treatment to
a treated unit at different points in time from #tual treatment date (Fremeth,
Holburn and Richter, 2016, p. 5). The effect ofatreent can be considered
causal if actual and synthetic units generate #meesor very similar values of
outcome variables for treatments falsely appliedifferent times.

We have implemented the cross-validation techn{f¢ime’ placebo effect)
to test whether the SCM was an appropriate metbho@dtimating causal rela-
tionships. We firstly used the entire pre-test getrio estimate SCM values.
Then we divided the pre-test period into two equeits. When the synthetic
units behaved in a similar way in both cases, & Svas considered an appro-
priate method for estimating causal relationshije root mean squared predic-
tion error (RMSPE) test indicated that the reswtye not impacted by the
‘cherry picking’ for various outcome lags (Ferm#&into and Possebom, 2016;
McClelland and Gault, 2017). As for the Galanta ditta districts, the pre-
-treatment period was too short to divide it in tparts and apply the in-time
placebo effect. We applied the across-unit testiferabovementioned districts.
The test confirmed appropriateness of the metheduls of the SCM for dif-
ferent outcome variables and time periods are tegan Appendix Z.

The best results were obtained for wages, unempay rates, internal mi-
gration balance, and the number of firms per 1i@0@bitants. Results for flats
per 1 000 inhabitants were less convincing. The S#@Mormed poorly for the
number of foreign firms and tourism infrastructufes mentioned before, data
on foreign firms were heavily impacted by crossel@ortax optimisation. Data
on beds in accommodation establishments accoumedidnificant annual
variations.

The SCM estimator requires that the pre-test geb® long enough relative
to the scale of the treatment size. The SCM doespecify how long the pre-
-test period must be so as to evaluate the eftdcs®eme significant treatments
(including connection to the TEN-T network). Theoite of the pre-test period
must be driven by both theory and empirical findinghe current literature
(Chandra and Thompson, 2000; Rephann and Isserir®8a) recommends
a minimal period of 3 — 5 years. The pre-test pkiio our study ranged from

" Results of the across-unit test for the GalantaMite districts are not included in the Ap-
pendix 2, but are available upon request.
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three to 11 years. The SCM had two major advantages DiD. The SCM
allowed for the evaluation of single treated uidistricts) and varying pre-test
and post-test periods.

Most studies on SCMs target one outcome varidiiiere is a question as to
how to interpret results when treatment impacts twaore outcome variables.
The donor pool of untreated units is always thees&on all observed variables
in DID with PSM methods. The synthetic cohort, antrast, may be constructed
from different subsamples of untreated units focheabserved variable. The
Nitra district, for example, can be constructedrfrBezinok and Stafdubowvia
districts when matching in respect of wages, bamfrKoSice okolie, KoSice
| and Pezinok when matching in relation to unempiemt rates. The scale of the
RMSPE value is specific for each outcome variablee RMSPE values cannot
be compared across different outcome variablesyi@rcomposition of syn-
thetic units and different scales of RMSPE for #iipoutcome variables render
the socioeconomic interpretation of the findingbiea challenging.

Conclusions

This research applied three impact evaluationrtectes so as to identify the
wider economic benefits of motorways in the Slova}J 1 regions. The re-
search found some support for the hypothesis thataction to the TEN-T net-
work of motorways improves the economic and socidieu of the connected
regions. DiD with PSM, FE regression and SCMs idieqt significant benefits
of motorways, i.e. increases in wages and, tosetesxtent, a decrease in unem-
ployment rates and an increase in migration balandethe number of firms and
flats. SCM results indicated that the size of éffdended to increase with the
length of the post-test period. The results resonath assumptions by the New
Economic Geography (Fujita, Krugman and Venabl8891 Vickerman, 2007;
2008) and findings by some empirical studies (Raphand Isserman, 1994;
Chandra and Thompson, 2000).

The matching techniques (DiD with PSM, SCM) a itiost popular methods
regarding the evaluations of policy interventiofen randomisation procedures
are not available. DID is the simplest and mostuapmpact evaluation method,
but also the least exact and powerful one, wherséneple size is small. DiD is
based on the frequentist inference and requiredatively large sample. This
requirement was difficult to meet for the samplel0fSlovak districts connected
to the TEN-T in 2000 — 2016. The DID uses only tivoe periods for evalua-
tion. We had to aggregate treated units for a l@rg period of 16 years in order
to build a minimal sample of 10 districts. Data ieggation over a long period of
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time skewed values of some non-stationary variaplegies) upwards. The FE
regression allowed analysing multiple treatmeniqos: The power of FE re-
gression, however, also was limited by the smatiga of treated districts.

Table 4
Pros and Cons of Specific Methods for Assessing Irapts of Motorways

Pros Cons

Assumption on parallel trends for treated and
non-treated units in pre-test period.
‘Golden standard’ in impact evaluation. | Requires, there are no group-specific trends that
Difference-in- | Relatively simple method with intuitive | may affect outcomes of intervention.
-Difference interpretation of results. Works best for large samples of treated units
Easy application of matching techniques$Treatment effects pooled into one period.
Estimates average treatment effects across ynits

and time.
Regression Allows for multiple treatment periods. | Potentially higher impact of random effects
with fixed Provides for more detailed insights into | COMpared to DiD.
effects developments in the treated unit over tirr@ﬁgz'gsg%gm matching methods may be more
ing.

Quality of synthetic units depends on size angd
Higher accuracy = weighs the control | structure of donor pool. Significant outliers ca
group to better match the treatment groblige difficult/impossible to replicate.

before the intervention operates for one| No general agreement on methods for measiiring
or few treatment units. quality of model fit.

Synthetic Does not require parallel trends for treategb general agreement on methods for
control method | and non-treated units in pre-test period.| comparing models with different outcome
Allows for multiple treatment periods | variables.

and provides time varying estimates | varying composition of synthetic units

of individual treatment effects for each | for specific outcome variables makes
treated unit. socio-economic interpretation of the findings
more difficult.

>

Source:Authors’ conclusions.

The SCM has no limitations in respect of the sangize, but comes with
limitations regarding outcome testing and intepgetThe procedure is relative-
ly new and there is no clear guidance on methodsnasuring the quality of
model fit and/or comparing models with differentaame variables. We, never-
theless, consider an SCM to be the best proceduradasuring wider economic
benefits of motorways when the number of treatetsus low or there is only
one treated unit. A valuable property of the SCMhiat it enables identifying
time-varying effects of motorways for individualgiens. Major pros and cons
of the specific assessment methods are summarisSeabie 4.

This paper also examined the validity of datadpecific outcome variables
on the LAU 1 level in Slovakia. Data on wages andraployment rates account
for relatively good coverage and relevance for ithpact assessment. Annual
variations in wages and unemployment rates aré¢ivela low (except for the
crisis year of 2009). As for the theory-based eatadun, we consider wages and
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unemployment rates to be the best outcome varidbiemeasuring wider eco-
nomic benefits of motorways. As for the regiondévance, data on wages are
more relevant than those on unemployment. Dataageware reported by place
of work, while data on unemployment by place ofnpenent residence. Regional
data on unemployment are impacted by commuting pet

Data on internal migration are based on permamsidence and, like data on
unemployment, are impacted by regional commutirttepas. Data on the num-
ber of firms account for good coverage. Firm dhtayever, are less relevant for
theory-based evaluation, as they offer no inforamatn firm size and economic
impact on regional economies. We found data omtheber of foreign firms to
be heavily skewed by cross-border tax optimisati®eds in accommodation
establishments accounted for problematic coveradénagh annual variability.

Numbers of flats show high annual variations, ipakarly in small districts.
Completion of a large residential project can $atiwusing demand for several
years. Numbers of flats also are impacted by hgusooms and boosts. Num-
bers of flats and internal migration, however, beeanore relevant from long-
-term perspectives. Some workers move to a placgook (or nearby places)
over time. The SCM results, for example, indicag@ghificant increases in mi-
gration balance in districts connected to the TEM-Z000.

The Slovak economy enjoyed impressive growth ratebe period 2000 —
2016. Eurostat data indicate that per capita G@Reased from 50% to 77.3%
of the EU-28 average. The western part of SlovéBratislava, Trnava, Trem
and Zilina NUTS Il regions) was connected to tHENFT network and grew by
higher rates than did eastern parts of the countsy connected to the TEN-T).
We lacked data on potential internal reallocatibeeamnomic activities (distribu-
tive effect). Data on internal migration indicatéstantial inflows of population
from the east to the west of Slovakia. Improvedeasibility undoubtedly was an
important factor behind economic success and ingarawigration balance of
the western part of the Slovak Repubilic.

The SCM indicated that the motorway rendered tis¢ricks of PovaZzska
Bystrica and Ziar nad Hronom worse off in termsnafyration balance (after
adjustment for Bratislava’s suburban districts)l[€a3). The Statistical Office
of the Slovak Republic publishes detailed tablesnigration flows by district of
source and destination (SO SR, 2017). We found(tjabutmigration intensi-
fied in the abovementioned districts after conmecto the TEN-T, and (2) both
districts lost their population to regional capstatonnected to the TEN-T
(Treniin and Zilina in the case of PovaZska Bystrica, Badska Bystrica in the
case of Ziar nad Hronom). This finding may indicdistributive effects of mo-
torways, wherein semi-urban regions lose their fadjmn to metropolitan ones.
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Appendices

Appendix 1
Panel Unit Root Tests
Method Statistic | Prob. | Cross sections Obs
Series: firms per 1 000 population
Levin, Lin and Chu t* 25.175 1.000 65 1216
Im, Pesaran and Shin W-stat 31.940 1.0p0 65 1216
ADF — Fisher Chi-square 5.922 1.00p 65 1216
PP — Fisher Chi-square 0.610 1.000 65 1235
Series: foreign firms per 1 000 population
Levin, Lin and Chu t* -0.177 1.000 65 1192
Im, Pesaran and Shin W-stat 4.900 1.000 65 11p2
ADF — Fisher Chi-square 87.927 1.00p 65 1192
PP — Fisher Chi-square 32.052 1.000 65 1192
Series: flats per 1 000 population
Levin, Lin and Chu t* —21.052 0.000 65 1150
Im, Pesaran and Shin W-stat —16.647| 0.0po 65 1150
ADF — Fisher Chi-square 570.816 0.000 65 1150
PP — Fisher Chi-square 741.125 0.000 65 1170
Series: migration balance per 1 000 population
Levin, Lin and Chu t* -13.388 0.000 65 1148
Im, Pesaran and Shin W-stat —10.557| 0.0po 65 1148
ADF — Fisher Chi-square 361.345 0.000 65 1148
PP — Fisher Chi-square 374.614 0.000 65 1170
Series: unemployment rates
Levin, Lin and Chu t* -2.619 0.004 65 1162
Im, Pesaran and Shin W-stat —-4.966 0.0p0 65 1162
ADF — Fisher Chi-square 205.799 0.000 65 1162
PP — Fisher Chi-square 118.672 0.7%2 65 1285
Series: wages
Levin, Lin and Chu t* 9.048 1.000 65 1130
Im, Pesaran and Shin W-stat 14.239 1.0p0 65 1180
ADF — Fisher Chi-square 10.947 1.00p 65 1130
PP — Fisher Chi-square 9.238 1.000 65 1130
Series: log wages
Levin, Lin and Chu t* 6.905 1.000 65 1132
Im, Pesaran and Shin W-stat 12.443 1.0p0 65 1182
ADF — Fisher Chi-square 13.211 1.00p 65 1132
PP — Fisher Chi-square 11.099 1.000 65 1170

Notes:Probabilities for Fisher tests are computed usin@symptotic Chi-square distribution. All othestte

assume asymptotic normality.

Automated max lag length selection based on Schinéozmation criterion. Barltlett kernel in spedtestima-
tion with automatic Newey-West bandwidth selection.

Source:Authors’ computations.
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Redundant Fixed Effects Tests: Test Cross-sectiomd Period Fixed Effects

Effects Test Statistic d.f. Prob.
Equation: flats
Cross-section F 13.39 (78,1400) 0.00
Cross-section Chi-square 836.66 78 0.00
Period F 5.07 (18,1400) 0.00
Period Chi-square 94.84 18 0.00
Cross-Section/Period F 13.31 (96,1400) 0.00
Cross-Section/Period Chi-square 973.55 96 0.00
Equation: log wages
Cross-section F 67.59 (78,1400) 0.00
Cross-section Chi-square 2343.77 78 0.00
Period F 94.29 (18,1400) 0.00
Period Chi-square 1191.85 18 0.00
Cross-Section/Period F 75.48 (96,1400) 0.00
Cross-Section/Period Chi-square 2732.74 96 0.00
Equation: migration balance
Cross-section F 35.86 (78,1400) 0.00
Cross-section Chi-square 1648.10 78 0.00
Period F 3.58 (18,1400) 0.00
Period Chi-square 67.48 18 0.00
Cross-Section/Period F 35.24 (96,1400) 0.00
Cross-Section/Period Chi-square 1844.29 96 0.00
Equation: unemployment rate
Cross-section F 81.93 (78,1478) 0.00
Cross-section Chi-square 2642.02 78 0.00
Period F 144.76 (19,1478) 0.00
Period Chi-square 1660.83 19 0.00
Cross-Section/Period F 92.61 (97,1478) 0.00
Cross-Section/Period Chi-square 3091.96 97 0.00
Equation: firms
Cross-section F 62.21 (78,1478) 0.00
Cross-section Chi-square 2298.44 78 0.00
Period F 12.86 (19,1478) 0.00
Period Chi-square 241.68 19 0.00
Cross-Section/Period F 51.45 (97,1478) 0.00
Cross-Section/Period Chi-square 2332.42 97 0.00
Equation: foreign firms
Cross-section F 19.18 (64,1212) 0.00
Cross-section Chi-square 909.38 78 0.00
Period F 4.69 (19,1212) 0.00
Period Chi-square 92.22 19 0.00
Cross-Section/Period F 15.74 (83,1212) 0.00
Cross-Section/Period Chi-square 950.67 97 0.00

Notes:test statistics, degrees of freedom and p-valndenthe null of no effects.

Source:Authors’ computations
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Appendix 2
Summary of Statistics and Diagrams for the SCM, bDistrict

The appendix contains the results of SCM modelforgeach district con-
nected to the TEN-T in 2000 — 2011.

Diagrams present developments in outcome variabfeactual units (solid
lines) and synthetic units (dashed lines) for adistrict.

Tables provide information on:

- values of the total root mean squared predictioor §RMSPE);

« composition of synthetic controls in terms of wegyand district codes. Up
to five synthetic controls (scl — sc5) are reparted

- the cross-validation check, the in-time placebaedfffor the middle of
pre-test period in terms of the RMSPE ratios (rafigoost-intervention to pre-
-intervention RMSPE values with real and placelatiment), i.e. values of dif-
ferences between real and placebo RMSPE ratiosifisant negative difference
between real and placebo values denies appropesgeri the method.
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Galanta: Connected to TEN-T in 2000

2] £
V ;595 2000 2605 2610 2615 19‘95 2000 2[;05 2[;10 2615
Year Year
treated unit ——-—-—- synthetic control unit treated unit —-—--—- synthetic control unit
&= ¢
2 H
19‘95 2000 2605 2610 2615 : 19‘95 2000 20‘05 20‘10 2615
Year Year
treated unit  ——-—-- synthetic control unit treated unit  —---—- synthetic control unit
;995 2000 g{dOS 2610 2615 19‘95 2000 20\‘96551 2&10 2[;15
treated unit —-—--- synthetic control unit treated unit  —-—--—- synthetic control unit
Firms Foreign firms |Unemployment| Wages Flats Migration
RMSPE 2000 0.074 0.036 0.399 1.806 0.036 1.33
scl 0.22 VK 0.17 NO 0.45 NO 0.36 GL 0.20 RV 0.75 DS
sc2 0.12NO 0.15CA 0.30 SI 0.08 SK 0.14 KS 0.19 MA
sc3 0.05 KK 0.08 GL 0.16 PD 0.06 DT X 0.03 NQ
sc4 0.04 GL 0.07 KK X 0.04 KS X 0.03KE B
sc5 X 0.03RA X 0.03CA X X
Dif RMSPE ratios
(2000 — 1999) —-0.02 —-0.06 -3.5 -5.3 —0.065 —2.6
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Nitra: Connected to TEN-T in 2000

19‘95 2000 20‘05 2610 20‘15 ° ;9‘95 2000 20‘05 20‘10 20‘15
Year Year
treated unit ——--- synthetic control unit treated unit ———-—- synthetic control unit
19‘95 2000 2605 20‘10 2&15 ° 15;95 2000 2605 2610 2&15
Year Year
treated unit ——--—- synthetic control unit ‘ treated unit —-—--- synthetic control unit
2 % N / \\
& 5 AN
Eo | A
1 N // \\\ A
- RGN EAN N A T
AN ‘ VARG S N
19‘95 2000 2605 2610 20‘15 ‘ :L9‘95 2000 20‘05 20‘10 20‘15
Year Year
‘ treated unit  ——-——- synthetic control unit treated unit  ——--- synthetic control unit
Firms Foreign firms | Unemployment| Wages Flats Migration
RMSPE 2000 0.006 0.108 0.715 0.33 0.331 0.267
scl 0.55 PK 0.56 PK 0.36 PK 0.81 PK 0.92 MT 0.41 BS
sc2 0.36 HE 0.19BS 0.29KE 1 0.13SL 0.07 KE 0.25 LM
sc3 0.05 KS 0.14 SA 0.29KE O X X 0.18 BS
sc4 0.04 KE 4| 0.08 PT X X X 0.15 KE Z
sc5 X 0.04 KE 3 X X X X
Dif RMSPE ratios
(2000 — 1999) -1.84 -0.22 -1.23 -3.3 -0.17 -1.48
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Povazska Bystrica: Connected to TEN-T in 2005

2 £,
19‘95 2600 2005 2&10 20‘15 A ;9‘95 2&00 2005 2610 2615
Year Year
‘ treated unit  ———-- synthetic control unit ‘ treated unit - -——-- synthetic control unit
s %
19‘95 2&00 2005 2610 20‘15 15;95 ZdOO 2005 2610 2615
Year Year
treated unit  ——-—-—- synthetic control unit treated unit  —-——-- synthetic control unit
R °1 ///
/
- p !
5" A /
2 2 Y i
B < SN
- Eal \
;5;95 20‘00 2005 2610 2&15 ‘ ;9‘95 20‘00 2005 20‘10 20‘15
Year Year
treated unit —-—-—-—- synthetic control unit treated unit ——--—- synthetic control unit
Firms Foreign firms |Unemployment| Wages Flats Migration
RMSPE 2005 0.089 0.099 0.98 5.038 1.028 0.673
scl 0.28 KN 0.27 DT 0.35SI 0.47 MA 0.36 SI 0.52 M
sc2 0.19 SI 0.20 PK 0.29 PP 0.40 SV 0.33T$ 0.19 DT
sc3 0.14 PK 0.19 SI 0.18 MY 0.09KE|1 0.18 KE 3| 0.17 MT
sc4 0.14 DT 0.11BS 0.15PK 0.04 SI X 0.04 SI
sc5 0.10KE 1] X 0.04KE 1 X X 0.04 KE 1
Dif RMSPE ratios
(2005 — 2001) 0.049 0.062 0.74 4.6 0.78 0.66
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Bytéa: Connected to TEN-T in 2010

e , N,
» 27 e \\//
15;95 2600 2605 2010 2615 . 19‘95 2600 2605 2010 2615
Yeal Yeal
treated unit ——-—-—- synthetic control unit treated unit ——-——- synthetic control unit
< =
1995 2600 2605 2010 2615 - 19‘95 20‘00 2605 2010 2615
Year Year
treated unit  ———-—- synthetic control unit treated unit  —---- synthetic control unit
=] ||/ ~ o
A !
N /| \\\ I'I o
& 0y g
T | 7 &
o / \\'/l Eo .
o~ / ] \\\A
1995 2000 2005 2010 o5 1 2000 2005 2010 2015
Year Year
treated unit ——-——- synthetic control unit treated unit  ———-—- synthetic control unit
Firms Foreign firms | Unemployment| Wages Flats Migration
RMSPE 2010 0.012 0.041 3.363 6.48 1.04 0.906
scl 0.86 KK 0.41SB 0.59 SI 0.51 KA 0.62 VK| 0.39 VK
sc2 0.10TR 0.14 NO 0.15VK 0.24 PE 0.15 DS 0.32R
sc3 0.03 MT 0.12 KK 0.11 KK 0.15 NO 0.10 BN 0.18 DS
sc4 X 0.09 KM 0.08 VT 0.10 MA| 0.09CA X
sc5 X 0.07 RA 0.08 NO X X X
Dif RMSPE ratios
(2010 — 2004) 0.02 0.021 -0.5 2.37 0.09 0.08
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Zilina: Connected to TEN-T in 2010

Eo-
19‘95 20‘00 20‘05 2010 20‘15 19‘95 ZdOO 2605 2010 2615
Year Year
treated unit ——-—-—- synthetic control unit treated unit ——-—-—- synthetic control unit
5 AN H
19‘95 2600 20‘05 2010 2d15 : ;§95 2600 2605 2010 2&15
Year Year
treated unit  ——-—-—- synthetic control unit treated unit ——--- synthetic control unit
Lo
19‘95 2&00 2605 2610 2615 19‘95 2600 20‘05 2610 20‘15
Year Year
treated unit —-—-- synthetic control unit treated unit ——--- synthetic control unit
Firms Foreign firms |Unemployment| Wages Flats Migration
RMSPE 2010 0.016 0.034 0.554 7.557 0.826 0.835
scl 0.3 MT 0.37 PK 0.34KE 4 0.36 MA|  0.28 MT| 0.44 MT|
sc2 0.24 KE 1] 0.30KE 3 0.32 PK 0.28KE # 0.24 LM 0.16 TR
sc3 0.22MA | 0.12MT 0.17 DS 0.18 PK 0.14 SI 0.14 TG
sc4 0.14 DK 0.10 CA 0.15 MA 0.06 KE L 0.07 KE 4| 0.11DS
sc5 0.11 DS X 0.03 NO X 0.22TO 0.08 KE
Dif RMSPE ratios
(2010 — 2004) 0.006 0.01 -0.14 4.53 0.25 -0.14
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Banska Bystrica: Connected to TEN-T in 2011

£ Eo
P e T
Year Year
treated unit  ————- synthetic control unit treated unit  ——-—-—- synthetic control unit ‘
19‘95 20‘00 20‘05 2610 2615 - 19‘95 20‘00 2605 20‘10 20‘15
Year Year
treated unit ——--- synthetic control unit treated unit  ———-—- synthetic control unit
£ | A £21
AN
A . T T TR
Year Year
treated unit ——-—-- synthetic control unit treated unit --—-—-—- synthetic control unit
Firms Foreign firms | Unemployment| Wages Flats Migration
RMSPE 2011 0.074 0.169 0.731 7.583 1.053 0.446
scl 0.68 KE 1 0.56 KE 3 0.49 PK 0.56 PK| 0.7 MT 0.58 MT
sc2 0.29 KE O 0.26 KE 1 0.46 LM 0.3 KE 1] 0.15 DT| 0.18B
sc3 0.04 PK 0.18 KE 4 0.05KE 1 0.09 KE|20.09 SI 0.14 KE 2
sc4 X X X 0.05 SO X X
sc5 X X X X X X
Dif RMSPE ratios
(2011 — 2005) -0.01 -0.02 -0.09 —-0.004 0.6 -0.07
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Zlaté Moravce: Connected to TEN-T in 2011

o A
o 28
// \
s \
19‘95 2600 20‘05 20‘10 20‘15 ;9‘95 ZdOO 2&05 2(;10 2&15
Year Year
treated unit  —-—--—- synthetic control unit treated unit ————- synthetic control unit
£ E
1995 20‘00 20‘05 20‘10 20‘15 - ;9‘95 20‘00 20‘05 20‘10 2615
Year Year
treated unit ——-—-- synthetic control unit treated unit ————- synthetic control unit
£ B
15;95 2&00 2&05 2610 2615 I ;5;95 2(;00 2605 Zle 2615
Year Year
treated unit - --—-- synthetic control unit treated unit ———-—- synthetic control unit
Firms Foreign firms |Unemployment| Wages Flats Migration
RMSPE 2011 0.027 0.135 1.844 4.62 0.395 0.725
scl 0.81 KK 0.53BJ 0.86 NZ 0.32 NO| 0.65 LV 0.24 TR
sc2 0.15 KN 0.37 NO 0.08 TR 0.16 SO 0.19M 0.22 DT
sc3 0.05 PT 0.06 MA 0.06 LV 0.13 MA| 0.11DS 0.19 MY
sc4 X X X 0.10 BS X 0.15 KN
sc5 X X X 0.06 KEQ x 0.14 SA
Dif RMSPE ratios
(2011 — 2005) 0.006 —-0.025 0.32 1.02 -0.19 -0.2
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Zvolen: Connected to TEN-T in 2011
g
;9‘95 ZdOO 2&05 2&10 20‘15 19‘95 20‘00 2605 2610 2615
Year Year
treated unit —-—-—-- synthetic control unit treated unit ——--- synthetic control unit
o =
19‘95 20‘00 20‘05 20‘10 20‘15 15;95 20‘00 2605 2610 20‘15
Year Year
treated unit ——-—-- synthetic control unit treated unit ——-—-—- synthetic control unit
15;95 2&00 2605 2610 2&15 19‘95 20‘00 20‘05 20‘10 20‘15
Year Ye:
treated unit ———-—- synthetic control unit treated unit ——--- synthetic control unit
Firms Foreign firms | Unemployment| Wages Flats Migration
RMSPE 2011 0.053 0.113 0.896 5.079 0.811 1.19
scl 0.33BS 0.48 KE 3 0.59 TR 0.31 PK]| 0.45 DT 0.38 BS
sc2 0.30 HE 0.35 MT 0.26 PK 0.31 KE[1 0.45 MT 0.28 SI
sc3 0.27KE 1] O.09KE 1 0.15KE 1 0.18 SO 0.11 BS 0.24 LM
sc4 0.10 PK X X 0.11 KE4 x 0.08 MT
sc5 X X X 0.10BJ X X
Dif RMSPE ratios
(2011 — 2005) —0.007 —-0.003 -0.09 2.87 0.2 -0.19
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Zarnovica: Connected to TEN-T in 2011

U NU

o S A
P
. \
- .
: e
15;95 2600 20‘05 20‘10 2(;15 A ;9‘95 20‘00 2&05 2&10 2&15
Year Year
treated unit —--—-- synthetic control unit treated unit ——-—-—- synthetic control unit
=1
) 19‘95 2600 ZO‘YOS 2610 2615 A 19‘95 ZdOO 50‘05 2&10 2615
treated unit —-—-- synthetic control unit treated unit —---- synthetic control unit
15;95 2600 2&05 2610 2615 19‘95 2600 2605 2610 2615
Year Ye:
treated unit —---—- synthetic control unit treated unit —---—- synthetic control unit
Firms Foreign firms |Unemployment| Wages Flats Migration
RMSPE 2011 0.035 0.094 1.781 8.382 0.855 1.07
scl 0.51PT 0.52 SN 0.21 VK 0.32 MA 0.54 KK| 0.36 RA
sc2 0.47 SA 0.25 PE 0.22 DT 0.31 PE| 0.28 L 0.17S
sc3 X 0.11 KK 0.20 BS 0.28 DT 0.06 ML 0.12KE
sc4 X 0.10 SA 0.13RA 0.08 SO 0.05 PE 0.11N
sc5 X X 0.13 SO X X X
Dif RMSPE ratios
(2011 — 2005) 0.021 0.041 0.36 3.5 0.27 0.37
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Ziar nad Hronom: Connected to TEN-T in 2011

. 19‘95 20‘00 20‘05 2610 20‘15 . ;9‘95 20‘00 20‘05 20‘10 20‘15
Year Year
treated unit  ——--—- synthetic control unit treated unit  ——-—-—- synthetic control unit
£
19‘95 2&00 20‘05 2610 2615 - ;9‘95 ZdOO 20‘05 2610 2&15
Year Year
treated unit  ——-—-- synthetic control unit treated unit  ——-—-- synthetic control unit
é’ g /
- € N
o 4 N/
15;95 20‘00 2605 20‘10 Zdl5 . ;9‘95 2600 2605 2610 2615
Year Year
treated unit —--—-—-- synthetic control unit ‘ ‘ treated unit  —---- synthetic control unit ‘
Firms Foreign firms | Unemployment| Wages Flats Migration
RMSPE 2011 0.026 0.036 1.273 9.753 0.512 1.139
scl 0.29 MY | 0.49BR 0.44 TR 0.34 KK 0.38 LV 0.21 SA
sc2 0.13 BN 0.23TO 0.30 DT 0.33KE20.24 MY | 0.2DT
sc3 0.10 DT 0.19 TR 0.14 VK 0.20 GL 0.20 RA 0.18 M
sc4 0.08 MA | 0.10BS 0.07 LM 0.08 RS 0.10 KN 0.14 LM
sc5 X X 0.05KE 1 0.07 DT X 0.14 BR
Dif RMSPE ratios
(2011 — 2005) 0.026 0.002 -0.3 3.43 0.02 0.18

Source:Authors’ computations.



