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Abstract: The European electricity sector has undergonaifgignt reforms in recent years, in the direction
of market opening, integration and privatizatiomtidnal and regional markets are now charactefizeithe
presence of domestic and foreign firms, both pelyaand publicly owned. Did foreign entry inducesjiive
productivity spillovers to domestic firms in theeetricity sector, both at the aggregate and disagged
level, while also controlling for domestic firmsimaership? This paper examines this issue by fogusin
regional foreign direct investment (FDI) spilloveis the aggregated electricity sector and in the
disaggregated sub-sectors of generation and diftib The results show the importance of industry
aggregation in determining the existence and sifymegional FDI spillovers for domestic firms. FDI
spillovers are then calculated based on a puredgmahic scale, by considering the distance betveaeh
firm’s city of location and firms in neighboringti@s. The importance and sign of FDI spilloversliféerent
with respect to the analysis based on regional midirative boundaries, suggesting that spatial egggion,
along with industrial aggregation, is relevant icc@unting for productivity spillover effects of fagn
presence in the EU electricity sector.
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Introduction

In recent years, the electricity sector in the pesn Union (EU) has undergone
significant changes, mainly prompted by an arraiz0fwide reforms aimed at creating a
single, competitive and liberalized electricity ket Before the 1990s, the European
electricity sector was characterized by verticaegnation, no third party access to the
transmission grid, the predominance of publicly edr(at the state or municipal level)
enterprises and limited possibility for final usefsswitching providers, thus suggesting
limited competition in the distribution and retaégments of the industry. Since the
privatization and liberalization wave in the UK the 1990s, however, a series of EU
directives has given rise to a significant transfation of national electricity markets. The
underlying policy goals are based on pro-competiswvguments that link privatizations
and liberalizations to increases in economic edficy. This has led to policy measures
aimed at facilitating the creation and entry ofvpte and foreign enterprises in markets

previously characterized by widespread public owsinigr, and the creation of truly



competitive markets which should ultimately leadbimth production efficiency and an
increase in consumers’ welfare (Jamasb and P@0@5; Florio, 2013). In detail, the first
1996 directive (Directive 96/92/EC) provided theuridations of a European internal
market for electricity, but lacked concrete implernation provisions. To overcome this
limitation, the 2003 directive (Directive 03/54/EGgt out the steps needed to achieve
unbundling of transmission and distributions systeestablishes an independent national
regulatory agency; and required free entry in teeegation segment of the industry. The
2009 directive (Directive 09//EC) expands along sthelines, requiring further
advancement in terms of unbundling of transmissassets and the creation of

transmission system operators within integratediggso

Since each country, however, is at a differentestaigthe reception of EU directives and
each national market has maintained certain idiogit characteristics, the overall
picture, especially in terms of ownership of actelectricity firms, is quite varied. An

interesting feature of the current situation is ¢bexistence of domestic, both publicly and
privately owned, firms, following a wave of partigtivatization of once mainly state-
owned national firms, and a number of foreign firthat have expanded their activities

outside national borders.

Following the debate in the international and ragieeconomics literature, this paper thus
exploits this feature and explores the possibifitgt foreign presence, considered as the
share of cumulated foreign operating revenues givan area over total revenues, may
induce spillover effects on domestic firms’ produity, by first focusing on a regional
dimension in the electricity sector and then comsidy different levels of industrial and
spatial aggregation. Has the entry of foreign firmscounted for at the regional level or
simply by geographic distance, been associated wifeases in domestic productivity
levels? Are spillover effects, if present, visibkethe aggregate electricity sector level, or is
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further industrial disaggregation needed, thudrdisishing between electricity generation

and distribution?

While there is a consistent literature exploring éxistence, sign, and intensity of foreign
spillovers for the manufacturing sector in genenal,systematic study has explored this
issue in the context of the European electricitgtae A further novelty of this study is
related to the use of disaggregated industriall lda&a and the use of both administrative
boundaries and physical distance to account foirtiportance of spatial aggregation. In
what follows, the association between foreign pmeseand domestic productivity is
accounted for by considering both intra-sectoral,horizontal, spillovers, and inter-
sectoral, or vertical spillovers, at the regionald adisaggregated spatial level in the
generation and distribution sub-sectbfBhe analysis is complemented by the evaluation
of foreign presence based on purely geographiarmists, not limited by administrative
regional boundaries, to examine the role of diffier@efinitions of spatial disaggregation

on the existence and magnitude of foreign spillsver

The results suggest that an unambiguous foreiglowgi effect cannot be identified, as
the sign and significance of the associated caefftadepend on the level of industrial and
spatial aggregation. In terms of industrial disagation, sectors matter when evaluating
foreign productivity spillovers since the resultary depending on the sub-sector or
segment considered. In particular, while theretigvidence of horizontal spillovers in the
aggregate sector and in the generation segmentprtguctivity of domestic firms in
distribution is positively correlated to foreignegence. Regional vertical spillovers are
significant for both the generation and distribntisegments, but with opposite signs. A
competition effect seems to dominate in generatidrile a positive spillover is detected
in distribution. The relative importance and signndra-sectoral, or horizontal spillovers,
with respect to inter-sectoral, or vertical, spitbos, varies when considering the two
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segments of the electricity industry. In fact, foms in generation, regional horizontal
spillovers are non-significant, while backward ieat spillovers (arising from the
downstream distribution industry) are negative aighificant at the regional level. In
distribution, instead, horizontal spillovers arespiwe and significant as are vertical
forward spillovers (arising from the upstream gatien industry). To sum up, when
considering regional boundaries, foreign presentedistribution entails a positive
productivity effect on domestic firms, both fronetHdistribution and generation segments.
On the contrary, domestic firms in generation aggatively affected by foreign firms
operating in distribution and unaffected by forefgms within the sector. These findings
are related to the local monopoly nature of thetritigtion segment and the more

competitive environment in generation.

Focusing on spatial disaggregation, while in thgragate electricity sector this issue does
not seem to be particularly relevant, the situatsoqguite different in the two sub-sectors.
In the generation segment of the industry, backwartical spillovers seem to matter only
at an administrative regional level when foreigegemce is accounted for by the share of
operating revenues. However, just considering iphyslistance, with three distinct cut-
off levels, gives rise to significant negative komtal spillover effects when foreign
presence is accounted for by considering the atesalumber of foreign firms. This result
suggests that foreign firms exert a pure competittiect, based on geographic distance
and this effect is not affected by administrativaitdaries. On the contrary, for firms in
distribution, the positive horizontal spillover et is statistically significant when
calculated on the basis of administrative regidmalindaries and on different cut-offs
based on geographic distance, suggesting thattheral effect prevails on the geographic
effect in this segment of the electricity industBistance is however important, since

spillovers estimated at the regional level may uwestimate the impact of foreign



presence, the intensity of which increases whersidering distance-weighted measures.
Results on vertical forward spillovers are alsopsrpve of the view on the predominance
of a sector-specific effect at play, coupled ongaim with the importance of moving

beyond administrative boundaries when analyzingmicl foreign spillover effects.

Focusing on another dimension of the reform prqocesme considerations can be put
forward regarding privatization and public ownepshin generation, where this process
began earlier, ownership is not significantly afieg domestic firms’ productivity, while

in distribution, where privatization is more recepublic firms are, on average less
productive. These results suggest that public osimeris not unambiguously associated
with lower or higher productivity and also hint taxd the fact that the reform process is
removing some of the external barriers to efficier@nd is making public or private

ownership less relevant.

While the presence of significant spillover effesisggests a positive outcome of the
reform process, the importance of both industnnal apatial disaggregation have relevant
policy implications. Industrial and regional poési should take into account both the
sector specific characteristics and the differepatial scale at which productivity

spillovers arise to achieve the goal of increagiragluctivity in the EU electricity market.

The remainder of the paper is organized as folldwshe next section, a selection of the
relevant literature on spillovers is presented, levtsection 3 describes the empirical
strategy and the data. Discussion of results isrgm sections 4 to 6, while concluding
remarks and implications are presented in sectiofdditional descriptive statistics and

empirical results are presented in the Appendix.



2. Related Literature
The possibility that domestic firms in host couegrimay benefit, in terms of innovation
activity’ and productivity, from foreign presence has bertersively explored in the
literature. Foreign presence is usually accountedak the share of foreign firms’ in
employment, sales or operating revenues in a gnaumstry, country (or other spatial unit)

and time.

Possible channels through which foreign presencehen host country may benefit
domestic firms are mainly related to the possiildf knowledge and productivity

spillovers. Blomstrom and Kokko, 1998, and Sme2@€8 provide interesting overviews
of these issues, highlighting the importance ofghblic nature of technology, which leads
to the possibility of knowledge leakages and inotatthe role of supplier-buyer relations
between foreign and domestic firms; and market sscgillovers. Another possible
channel through which foreign presence may impaaamestic productivity is related to
workers’ mobility (Teece, 1977): foreign knowledgey benefit domestic firms through
mobility of the local workforce, which will firsteap the benefits of foreign firms’ higher
wages and eventually transfer knowledge back toedtimfirms by creation of a new firm

(Gorg and Strobl, 2005) or by then transferringkd@ca local firm (Poole, forthcoming).

Aitken and Harrison, 1999, using plant-level infation for a cross section of Venezuelan
industrial firms, present two main results. Fitst,analyzing foreign presence at the firm
level, an increase in foreign equity participatien positively related to increases in
performance for small firms. Second, productivitydomestically owned plants decreases
when foreign involvement in the sector increasdss Tesult suggests the existence of a

negative horizontal spillover effect, interpretedaacompetition, market-stealing, effect.

Focusing further on horizontal spillovers, whiclt@aant for the presence of foreign firms

on domestic entities operating within the sameameantd which have been the main object
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of earlier studies, Gorg and Greenway, 2004 anan&iand Gorg, 2005 highlight the
importance of the characteristics of domestic fiirmexplaining the existence and sign of
spillovers. Specifically, Gorg and Greenway, 2068dggest that the positive impact of
foreign presence is related to locational charettes of host countries, in particular to the
degree of local absorptive capacity and the leveechnological innovation. Girma and
Gorg, 2005, examine this issue empirically usintplshment data for the UK, with
guantile regressions, and show that there is adgesh relationship between absorptive
capacity and productivity spillovers from regiod@l. Results related to spillovers from
foreign firms outside the region are the oppodiiafing towards the importance of the

definition of the boundaries within which spillogesire accounted for.

Javorcik, 2004 moves beyond horizontal spillovens @xamines the effect of foreign
presence in down- or up-stream markets, thus foguskplicitly on vertical spillovers,
which are currently considered more relevant thamzbntal spillovers. In her analysis of
Lithuanian firms, the author finds significant pgos vertical spillover effects arising from
backward linkages (from foreign buyers to local #igrs) between foreign and domestic
firms. No significant effects are instead found whanalyzing forward vertical linkages
(from foreign supplies to local buyers) or withinet same industry. A similar finding
related to vertical backward spillovers is confitmér Mexican firms, by Jordaan, 2008,
who further suggests that the motivation of theitpas effect of foreign presence lies
within the existence of large technological differes and geographic concentration of
industries. Further, results suggest the importanée regional characteristics in
determining the existence and sign of a verticdloyer effect, suggesting once again the
importance of spatial factors. Barrios et al., P@bint to a possibility of misspecification
of previous studies which rely on a measure ofl®mrs that uses the share of foreign

output in a given sector and the relation to otbertors is measured with input-output



tables of the host countrifthe authors suggest that sign and statistical fesgnice of
spillovers may be influenced by this definitiondgoropose the use of input-output tables
of the home, and not host, country of the multmadi. This new measure is tested with
data from lIrish firms and the main finding is timat spillover effects are found when using
the standard measure, while positive and significzartical spillovers from foreign
presence arise when using the newly proposed neadinis finding suggest the
importance of properly defining the links and neeaibetween upstream and downstream

sectors in evaluating vertical spillover effects.

For a recent overview of this burgeoning literafis®e Havranek and Irsova, 2011, which
in particular highlight, by means of meta-analyamsl controlling for publication bias, the
importance of positive and significant vertical baard spillovers, while spillover to

buyers, albeit present, are smaller in magnitude.

The role of space and distance has also been evedith shaping the sign and magnitude
of spillovers. Jensen, 2004 and Driffield, 2006htight the local dimension of spillovers
for domestic firms in the Polish food industry aimd manufacturing in the UK,
respectively. Jensen, 2004 focuses on horizontabmal spillovers and highlights the
predominance of a market-stealing effect, whileffigtd, 2006 finds a combination of
negative industry-level spillovers and positive ioe@l spillovers. Crespo et al. 2009
broadly confirm these result for Portuguese firfinsgling negative horizontal spillover
effects and positive vertical spillover effectsaigh backward linkages, when foreign
presence is considered at the regional level. GanthWakelin, 2007 focus in particular
on the regional dimension, finding significant lzomtal and vertical spillovers for UK
domestic firms in the electronics sector only ifeign firms are accounted for within

regional boundaries. Halpern and Murakozy, 2007exe instead the role of increased



distance between foreign and domestic firms inrdateng the strength of the spillover

effect.

Focusing on the electricity sector, while FDI apiktrs have not been analyzed explicitly
in the literature, the generic role of foreign @ese on different dimensions of the host
country’s economy has been considered. daemtd De Maria, 2012, by using sector-
specific aggregate data for several EU countriegimine the determinants of productivity
in electricity generation. Among other independeariables, foreign presence through the
share of FDI inflows is found to positively influem productivity and environmental
efficiency. Blackman and Wu, 1997 analyze the ictjph FDI on the economic efficiency
of China’s power sector. Their results suggestetkistence of a positive effect, related to
the more advanced generating technologies of fork&igs with respect to domestic firms.
While the latter two results suggest the poteritiapositive spillover effects from foreign
firms in the electricity sectors, Lam and Shiu, 20@il to find a significant effect of
foreign presence on China’s productivity in elexstyi generation. A more detailed
analysis which may shed some light on these mixedings is provided in Lesher and
Miroudot, 2008. The authors provide estimates oitm spillovers by performing sector-
specific regressions on firm level data and reploet existence of positive vertical (both
through forward and backward linkages) spillovefeels in the aggregate sector of
production and distribution of electricity, gas atdam, while also detecting negative and

significant horizontal spillovers from foreign perse.

As this brief overview has shown, while evidencdher mixed, on spillovers in
manufacturing sectors is relatively abundant, apigoal investigation for the electricity
sector, both at the aggregate and finer induddisglggregated level, is missing and is the
object of the present paper. A further contributanthe present paper is related to the
explicit analysis of the role of spatial aggregatiand distance issues, using both
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administrative boundaries and physical distance fairly homogenous sectoral setting,
by using both aggregated and disaggregated seata; dut with wide cross-country

variation. As a relevant portion of studies on fgnespillovers are based on single-country
(or groups of rather similar countries) studiesintyabecause of data availability, the EU-
wide focus should allow a more precise evaluatibthe existence, sign and magnitude of

foreign spillovers in the electricity industry.

3. Empirical model and data

The empirical analysis is performed in two stepsthie first, a summary productivity
measure is computed for each firm, by using theirfismhn and Petrin methodolotfor
computing TFP as the residual of a firm-level prddhn function (Levinsohn and Petrin,
2003) with data from 2002 to 2009. In the secomgb,sproductivity of domestic firms is
regressed against FDI spillovers (main explanataagiable) and a set of firm-level
determinants (control variables) for a cross-sectd EU firms in 2009. Firm specific
variables include a measure of firm size (totaktgsand leverage, computed as the share
of liabilities over total assets, to control fofian’s financial structure. Both variables are
expected to be positively related to productivigy larger firms may take advantage of
economies of scale and higher leverage may indecéiten’s openness to market investors
and be related to higher productivity in a finaheficiency argument. A dummy variable
which takes oin value one when the firm is publiolyned is also included. Estimation is

carried out by OLS with standard errors clustergdduntry?

With respect to the first step, TFP is estimatethagesidual from a firm-level production
function by means of the Levinsohn and Petrin esion methodology to overcome
issues of simultaneity of TFP levels (observabléhi® firm) and input level choices by
using intermediate inputs as an instrumental végialbhe production function to be

estimated is the following:

10



@ Yi =Bt Bk + Bl + Bym, +a, +uy

where y, operating revenues, is the measure of outbudye tangible fixed assets,
employees andn material costs, a proxy for intermediate inputedug the production
process. The terms represents the true, i.i.d. error term, wlaleepresents unobserved
productivity which can be expressed as a functibobservable capital and intermediate
inputs. The Levinsohn and Petrin methodology retiessemi-parametric techniques and
uses firms’ intermediate inputs as a proxy for wesbked (by the firm) productivity
shocks. Lower-case letters in Equation 1 refer atumal logarithms, while subscript
refers to firms and to time. Estimation is carried out for the 20022@eriod for which
firm-level balance sheet data is available, toyfekploit the panel dimension and better
address the simultaneity issues, and separatesgggme are performed in the NACE Rev.

2° 3-digit subsectors to account for sector-spetéfitinological features.

In the second stage, the following specificationZ009 is considered:

(2 TFR = B, + Bl + B X; + By X + Uy

where TFP is firm-level productivity obtained in the firstagie with the Levinsohn and
Petrin methodologyspill is a measure of foreign spillovers, as definedweh equations
3-5, X is a matrix of the previously described firm lewgntrols which include total
assets, public ownership and leveragejs a matrix of country-level controls including
consumer price levels and generation capacitysiféuels. Equation 2 is estimated in the
aggregate and disaggregated segneotsthe industry separately, and corresponding

empirical results are presented in the followingfieas.

The firm-level data used in this analysis is takem the Amadeus database (Bureau Van
Dijk), which provides yearly balance-sheet data turopean private and public firms, as
reported to the national registers. The variablassidered in the empirical analysis are

operating revenues, the number of employees, t@dakts and tangible fixed assets,
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material costs, and total liabilities (2002-2009wnership data (2009) allows the
identification of the ultimate owner (defined as thdependent shareholder of a firm with
the highest direct percentage of ownership) forheon, which is then classified,
according to the country of origin, as foreign onestic, and private or public, depending
on the involvement of national or local governmenEor each firm, the information on
the city and region in which it operates is usedi¢fine the spatial dimension of FDI
spillovers. Entries with obvious keypunch errore aworrected, while firms without
ownership information are dropped from the samfleuntry-specific price levels and
generation capacity of combustible fuels are takem Eurostat (2009). In detalil,
electricity prices are those paid by household aoress net of tax (in euro per kWh)
while generation capacity is measured as natideatrecity capacity of the main activity

producers with respect to combustible fuels andaasured in Megawatts.

The dataset is comprised of 907 firms in 2009. flines in the sample are operating in the
electricity sector (351) according to the NACE Rewelassification. A further sectoral

breakdown shows that 61% (n°=551) of firms declaseprimary activity, the generation
of electricity (3511, NACE Rev. 2 classificatiomf% (n°=68) declare transmission (3512)
and 32% (n°=288) operate in the distribution se(364.3). There are 176 foreign firms, of
which 79% (n°=139) are in the generation sectés, (8°=8) in transmission and 16%

(n°=29) in distribution.

To quantify the impact of foreign presence on ddindsms’ productivity, a measure of
FDI spillovers is computed, first based on admraiste boundaries, then on geographic
distance. The presence of foreign firms is accalifde by considering the share of total
foreign operating revenues over total operatingeneres at the relevant spatial scale.
When considering regional spillovers, foreign firmee considered within the
administrative NUTS2 boundaries, while the distance-based spillovecaisiputed by
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considering, for each firm, foreign presence atistadce of 100, 250 and 500 kms and

based on a distance decay matrix.

In detail, regional spillover effects are compu#ésdcthe share of foreign operating revenues
over total operating revenues in the same indutiyrizontal spillovers) or in the
upstream (vertical forward spillovers) or downstnedvertical backward spillovers)
industry.

zFi,j,rOR,j,r

(©)) HSj,r = 'ZO—R
" -'j’r

(4) Vertical Spillover,, = HorizontalSpillover,; ,

whereF is a dummy variable taking on value one if thenfg ultimate owner is foreign,
zero otherwiseQR are operating revenues and subsarigtfers to the NUTS2 regiopto
the sector considered (aggregate electricity, geioer segment, distribution segmenmtio

individual firms.

When considering alternative spatial disaggregatiba spillover effect is computed by
considering distance-based weight matrices. Distamcalculated between the citim
which firms operate. The georeferentiation of timmflevel dataset allows to distinguish
between 890 European cities. In the first altewsasipecification, the inverse of a distance
matrix based on geographic distance, in Bgy), between city pairs is considered. In the
second specification, the inverse of a distancerimawith a 100 km radiusQioo), IS

considered. In the Appendix, the 250 and 500 knuszs are considered.

wherec refers to cities.
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When foreign presence is accounted for by the numobdoreign firms (Table A.3),

spillovers are computed in the following way:

(6) HorizontaSpillover km_n,, = D, > nF ; HorizontaSpillover 100_n, = D, Y nF,

i,0i0j i\ Ci0j

wherenF is the number of foreign firms in a given sector.

Table 1 shows some descriptive statistics highlighthe differences between domestic
and foreign firms. Foreign firms are, on averagerenproductive than their domestic
counterparts in the disaggregated electricity sectand this difference is statistically
significant at the 1% and 5% level in generatiod distribution, respectively. Foreign
firms are also characterized by significantly higheverage’! both in the aggregate
electricity sector and in the generation segmemt.tii® contrary, foreign firms do not

appear to significantly differ from domestic firnis terms of size, measured by total

assets.
Electricity Generation Distribution
Foreign Domestic Foreign Domestic Foreign Domestic
TFP 6.098 5951 5.779*** 5318 6.665** 6.283

Total Assets 715738 529238 832229 610167 311707 1B65

Leverage 0.609** 0.563  0.635*  0.582 0.510 0.534

Table 1. Foreign vs. Domestic: descriptive statistics
Source: own elaboration on Amadeus data, 2009
*** Difference significant at the 1% level, ** sigficant at the 5% level and * significant at thed Cevel.

[insert Table 1 here]
4. Horizontal regional spillovers
Foreign presence is first considered within theta@ethorizontal spillovers) and inside
administrative regional boundaries. The choice efeding administrative regional
boundaries is suggested by the local dimensioneatrecity firms’ service area, which in
Europe is traditionally at the regional level ($eeexample Filippini and Wild, 2001 and

Glachant and Finon, 2003).
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The main results of this section can be summaréssllows:
* No significant horizontal regional FDI spilloverseafound in the aggregate sector
and in the generation segment;
» Positive and significant horizontal regional FDlillgwers are found instead in

distribution.
Starting from the aggregate electricity sector (Phdigit 351 sector, according to the
NACE Rev.2 classification), Table 2 shows resultestimation of equation 2. Results
highlight conclusions regarding the relationshigwsen domestic firms’ productivity,
measured by the Levinsohn-Petrin TFP indicator rilesd in the previous section, and the
presence of foreign firms in the region where thin fis located. Here spillovers are
computed as in equations 3 and 4, on the basidnoingstrative regional boundaries, using
the NUTS2 classification. Additional independentiailes, including firm- and country-

level controls along with 3-digit NACE Rev.2 sectixed effects, are added one at a time.
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Electricity Dep

oy TEP (1) 2 3) @) (5) (6) ()
Horizontal spillover -1.608 -1.296 -1.064 0.204 AR5 0.377 0.513
0.110 0.205 0.306 0.669 0.218 0.382 0.222
Public Ownership 0.321* 0.328* 0.045 0.040 0.055 0.045
0.074 0.067 0.519 0.580 0.489 0.553
Total assets (In) 0.425**  0.409*** 0.410*** 0.416* 0.405**  (0.408*** 0.406***
0.000 0.000 0.000 0.000 0.000 0.000 0.000
Leverage (In) 0.125 0.132* 0.097 0.116 0.097
0.103 0.087 0.203 0.130 0.203
Electricity Prices (In) 0.739*** 0.539
0.001 0.105
Generation capacity (In) 0.113*** 0.049
0.002 0.291
Sector fixed effects no no no yes’ yes’ yes’ yes’
Constant 1.437**  1.425%* 1 495%*  4.306**  6.072**  3.329*** 5.155%**
0.002 0.001 0.001 0.000 0.000 0.000 0.001
Observations 731 731 726 726 706 726 706
F-test 98.352*** 104.763*** 81.145*** 456.163*** 854.050*** 569.606*** 1,058.946***
Adj. R? 0.39 0.40 0.40 0.82 0.83 0.82 0.83

Table 2. Horizontal regional spillovers-Electricity

Notes: OLS estimation, p-values clustered by cquntitalics.

*** Significant at the 1% level, ** significant ehe 5% level and * significant at the 10% levelointly significant at the 1% level
[insert Table 2 here]
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Coefficients for firm specific controls are remaoka stable across specifications, along
with the coefficient associated to the dichotomwasable related to public ownership,
which takes on value one if the firm’s ultimate @wns public, zero if it is private. In
detail, the estimated coefficients indicate thghler productivity levels are associated with
larger firms, characterized by higher total asseisgd those with higher levels of
leverage'? although this latter effect is smaller in magnéudith respect to the former
(average of significant coefficients across speatfons of 0.13 against 0.41), and barely
significant (significant at the 10% level only inlamns 3 and 4 of Table 2). With respect
to public ownership, public domestic firms are ass@d with higher productivity levels
with respect to their private counterparts onlgprecifications in which only country- and
sector-level controls are excluded (columns 2 araf Jable 2), with a relatively high
coefficient of around 0.32. The estimated coefficieecomes however insignificant when
sector specific fixed effects (columns 4-7 of TaBle are added, suggesting that the
productivity differences associated with domestubl ownership are sector-specific.
This issue is further explored below, where a fimetustrial disaggregation is used
(sections 4.1 and 4.2). The inclusion of industred effects from column 4, Table 2,
onwards causes the adjusted R-squared to increas&lerably, suggesting that the two
sub-sectors present relevant idiosyncratic charatitss, and present evidence in favor of

a further disaggregated sectoral breakdown (sémnfilg sections).

Considering instead the relationship between damesbductivity and foreign presence,
regional spillovers in the aggregate electricitgtsg at the 3-digit NACE Rev. 2 level, are
not statistically significant. While foreign firmare on average more productive than
domestic firms in the aggregate electricity se(see Table 1), there does not seem to be a
significant spillover effect in terms of productyi when administrative regional

boundaries are considered. This result appearaennlith the recent findings surveyed in
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section 2, which suggest that horizontal spillowedfects, at this level of industrial

aggregation, are not present.

In columns 5 to 7 of Table 2, additional countrydevariables, also related to the specific
characteristics of the generation and distribusegments of the industry, are considered.
In column 4, the log of national electricity pricks household consumers net of tax (in
euro per kWh) is considered, to account for stmattaross-country differences in prices
of the final product. This variable should be pardarly relevant in the distribution
segment, and will be used in the analysis of this sector (see below). The estimated
coefficient of 0.74 is positive and significantggesting that higher prices are associated,
on average, with higher levels of productivity. Tsecond country level variable
considered is the log of national electricity capaof the main activity producers with
respect to combustible fuels. This variable, esplgcielevant for the generation segment,
accounts for the size and patrtially for the comjpamsiof generation sources of countries in
the samplé® The relationship with domestic firms’ productiviig positive, with an
estimated coefficient of 0.11, indicating both thmportance of the size of the market and
the fact that combustible fuels, while presentinginmental issues, are potentially less
costly in purely monetary terms. Results are camdill when both variables are included

together, although the coefficient of capacity fosttistical significance.
4.1 Electricity generation

Zooming in on the electricity generation sub-sectarresponding to the 3-digit NACE
Rev.2 3511 sector (Table 3), results clearly indidhe absence of a correlation between
foreign presence and domestic firms, when foreigmllosers are accounted for
considering the regional administrative boundaiiesh without and with additional firm-

and country-level controls.
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Generation

Dep. Var. TFP (1) (2) (3) (4)
Horizontal spillover -0.193 -0.176 -0.168 -0.114
0.383 0.439 0.461 0.505
Public Ownership 0.078 0.083 0.087
0.480 0.442 0.461
Total assets (In) 0.369**  0.365**  0.366***  0.361***
0.000 0.000 0.000 0.000
Leverage (In) 0.051 0.036
0.501 0.634
Generation capacity (In) 0.092~*
0.072
Constant 1.401**  1.409%*  1.429%* 0.509
0.000 0.000 0.000 0.305
Observations 412 412 409 409
F-test 260.439*** 187.070*** 148.934*** 150.327***
Adj. R? 0.62 0.62 0.62 0.63

Table 3. Horizontal regional spillovers: Generation
Notes: OLS estimation, p-values clustered by cquintitalics.
*** Significant at the 1% level, ** significant ahe 5% level and * significant at the 10% level.

[insert Table 3 here]

The coefficients of the other firm-level control® an line with the general findings (Table
2), with larger firms, in terms of total assetss@sated to higher productivity levels, on
average, with an estimated coefficient of the oafdd.36. Leverage, on the contrary, does
not appear as particularly relevant in this indabktrontext. Public or private ownership
does not appear to be significantly correlated Wi#P levels in this industry, as the
coefficient associated to the ownership variableneser statistically significant (from
columns 2 onwards in Table 3). Moving on to cowiénel variables, generation capacity
of main producers with respect to combustible fuslsconsidered, since the mix of
sources, at the national level, used in electriggyeration activities, may be related to
firm-level productivity. As before (Table 2, colun@), capacity is positively related to

domestic productivity, with a coefficient of 0.1b.
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4.2 Electricity distribution

Table 4 shows the results of estimation in theriistion sub-sector, corresponding to the
3-digit NACE Rev.2 3513 sector, which differ coresigbly from those for the generation

sector (Table 3).

Distirbution
Dep. Var. TFP (1) (2) (3) (4)
Horizontal
spillover 0.397%+* 0.362** 0.367** 0.391**
0.003 0.013 0.041 0.025
Public Ownership -0.125** -0.155**  _0,169***
0.045 0.029 0.006
Total assets (In)  0.489**  0.492**  (0.487**  (0.474***
0.000 0.000 0.000 0.000
Leverage (In) 0.243** 0.210*
0.033 0.053
Prices (In) 0.727**
0.004
Constant 1.087***  1.141**  1.394*** 3.061
0.000 0.000 0.000 0.595
Observations 259 259 257 257
F-test 273.977** 227.055*** 219.093*** 273.482***
Adj. R? 0.75 0.75 0.77 0.79

Table 4. Horizontal regional spillovers: Distribution
Notes: OLS estimation, p-values clustered by cquintitalics.
*** Significant at the 1% level, ** significant ahe 5% level and * significant at the 10% level.

[insert Table 4 here]

Higher TFP of domestic firms is positively assoethtwith foreign presence, as
documented by the positive, and statistically digant, coefficient of regional horizontal
spillovers in columns 1-4. This result is in linathvthe local monopoly nature of the
distribution sector (Filippini, 1998; and Saplac&008, for a critical perspective on the
issue) which might have prevented, in the past, dbkievement of high levels of
efficiency and economic performance of domesticimbents and success of productivity
enhancing policies. The liberalization of the sedas exposed domestic actors to
international management and innovation practipesggntially conducive to increases in

the domestic productivity levels. The local mongplypothesis is also supportive of the
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definition of the geographic scale of spillovergrér computed at the regional, NUTS2
administrative level. The magnitude of the coeéintj statistically significant across all
specifications, is quite large, especially withpes to those associated to other relevant

independent variables, ranging from 0.36 to 0.4.

Focusing on ownership, from column 2 onwards, déom@siblic ownership is negatively
related to productivity, with an estimated coetfiti between 0.13 and 0.17. Differently
from the generation segment (Table 3), the ownprsfiect seems to dominate the purely
sector-specific effect. A further reading of thissult related to the local monopoly
hypothesis suggests that, prior to the reform m®de the EU, national firms, mainly
publicly owned, were acting as monopolists at ggganal level and were characterized by
economic efficiency (as documented by the average levels of productivity in public
firms, compared to their private domestic countagpalable A.1). The liberalization of
the market, allowing the entry of foreign compeastomay thus be negatively affecting
domestic public firms, now forced to face efficiectmpetitors® The entry of more

efficient foreign firms is however exerting, per agositive productivity spillover effect.

Considering firm-level characteristics, firms witigher levels of total assets and firms
with higher leverage are significantly associateithvihigher productivity, in line with
previous results, both in terms of sign and of trebamagnitude of coefficients. The
country-level information considered in the distitibon segment of the industry is related
to the prices to consumers firms are able to chargensumers which are likely related to
firm-level productivity. Estimation results suggebkat higher consumer price levels are

associated to higher productivity, as expected.

5. Vertical regional spillovers
Firms in the segments of the electricity industopsidered are likely to be influenced by

the presence of foreign firms not only in their @pe sub-sector, as in section 4, but also
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by those in up- or down-stream sub-sectors. Firatisein generation will thus be likely
affected by those in the downstream distributioctae as distribution firms will be by

those in the upstream generation segment.

The main results of this section can be summaraedollows. Vertical regional FDI
spillovers are:

» significant and negative in the generation segment

» significant and positive in distribution.

To examine this issue formally, vertical spillovarge added to the empirical model in the
generation and distribution segments, in Table é&uRs related to horizontal spillovers
are substantially unchanged with respect to sectiowhile the results for inter-sector
interrelations suggests interesting implicationssits related to firm- and country-level
controls are comparable to those previously cometemn in section 4, to which the

interested reader is referred to.

Generation Distribution

Dep. Var. TFP (1) (2)
Horizontal spillover -0.088 0.354*
0.593 0.067
Vertical spillover -0.315** 0.149*
0.031 0.051
Public Ownership 0.067 -0.169***
0.538 0.007
Total assets (In) 0.358***  0.476***
0.000 0.000
Leverage (In) 0.018 0.217*
0.814 0.052
Generation capacity
(In) 0.098*
0.052
Prices (In) 0.770%**
0.003
Constant 0.498 3.095***
0.310 0.000
Observations 409 257
F-test 145.239*** 234.128***
Adj. R® 0.63 0.79

Table 5. Vertical regional spillovers: Generation and Distribution
Notes: OLS estimation, p-values clustered by cquintitalics.
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*** Sjgnificant at the 1% level, ** significant ahe 5% level and * significant at the 10% level.

[insert Table 5 here]

When considering firms in the electricity generatisector (Table 5, column 1), the
vertical spillovers considered are those arisingpugh backward linkages, from the
distribution segment of the electricity industrys An the previous section, horizontal
spillovers are not significant, while backward veat spillovers are characterized by a
negative and significant estimated coefficient oduad -0.32. TFP levels of domestic
firms in electricity generation are thus negativeglated to foreign presence in the
distribution sector. These results are not fullylime with previous literature where
backward spillovers are mainly found to be posit(gee, for example, Marcin, 2008;
Kugler, 2006, Javorcik, 2004). A possible explamatof the results presented in this
section can however be put forward: most of thedcgtudies on vertical spillovers have
considered several manufacturing industries at akdigit level. This paper, instead,
focuses on a specific 2-digit sector, electricayd breaks it down in its 3 digit sub-sectors.
The specific nature of the industry may thus bateel to the findings in terms of the
association between domestic firms’ productivityd aforeign presence between sub-
sectors. Specifically, foreign firms in the distriton sector may have commercial
agreements with other foreign generating firms, netessarily located in the same

regions, which might thus be direct competitorsdomestic firms in generation.

Forward vertical spillovers are instead analyzedcatumn 2 of Table 5, where the
relationship between foreign presence in the géoerasegment of the industry and
domestic productivity in the distribution segmentonsidered, along with the usual set of
controls, including horizontal spillovers. As iretprevious section, results related to firm-
level controls, public ownership and horizontalllspers are unchanged with respect to

those presented in Table 4.
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Considering instead vertical forward spilloverggt might be relevant as the link between
generation and distribution in the electricity eas quite strong, and actual unbundling
of the two activities is the result of the recesefiorm wave at the EU level which is still
ongoing. Contrary to results for domestic firmsganeration (column 1 of Table 5),
however, vertical spillovers are positive and statally significant in column 2 of Table
5. A potential explanation for this result may k&ated to the above-mentioned incomplete
unbundling of generation and distribution actistid-oreign firms active in generation
may, on the one hand, be active, within regionalino@aries, at the same time in
distribution, and the inter-sectoral spillover guevalent to a horizontal spillover. Another
explanation is related instead to the possibillattforeign firms in generation may
establish commercial ties and contracts with doimedistributors, thus contributing to
higher productivity levels. Both these explanatians difficult to verify empirically with
the current dataset and are left for future re$ealthe magnitude of the estimated
coefficient of vertical spillovers (0.15), is howeower than the one related to horizontal
spillovers, possibly suggesting a more relevang fok horizontal spillovers. While this
result appears in contradiction with findings ire thterature surveyed in section 2, a
possible reading suggests the importance of indlstisaggregation, here at the NACE
REV.2 3-digit level, while most of the surveyeddis were at most at the 2-digit level, in

enhancing the possibility of detecting significaptllover effects from foreign presence.

6. Distance matters: spillovers at different geographic scales

In this section, potential productivity spillovdrem foreign presence are accounted for by
moving beyond administrative regional boundariesl dy considering instead just

physical distance by means of alternative spilloueasures.

The main results of this section can be summariasdfollows. When considering

geographic based FDI spillovers:
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* horizontal spillovers in the aggregate sector andgeneration are mainly
insignificant or, in few specifications, negatieand distance does not change these
results. In distribution, instead, they are positand decreasing with distance.

» vertical spillovers in generation are insignificgot negative when based on the
number of foreign firms) while they are positivedatlecreasing with distance in
distribution.

The first spillover measure considered in thisisads based on a distance weight matrix,
where for each city in which firms operate, thesgrece of foreign firms is evaluated by
considering the inverse of distance. This meaduns aiccounts for the potential foreign
spillovers on domestic productivity in all locatom the sample, but their importance is
inversely related to physical distance by city paithe second measure is based instead on
the definition of a distance threshold above whiahpresence of foreign firms is ignored.
In the tables presented in this section, the cutvafues is of 100 km, while in the

Appendix (Table A.2) the cut-offs of 250 and 500, kespectively, are considered.

The main goals of this analysis are, first, to fyefvhether the association between
domestic firms’ productivity and foreign presencethe European electricity sector is
dominated by administrative regional boundariessthuggesting the predominance of a
regional market and policy dimension and, secohthd role of distance, if any, varies
across different segments of the industry. Theltesid this empirical exercise may help
better understand the dynamics of the post-refatunatson in this sector in the EU, and be
of interest for the design of policies aimed ar@asing overall domestic productivity, and

for the selection of the appropriate spatial anaiacstrative decision making level.

Since the different spatial disaggregation of spiérs does not alter significantly the
estimated coefficients of other controls, a thofougmment is not provided here and the

discussion of their magnitude and significance lmafound in the previous sections.
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Starting from the aggregate electricity sector (€ab), and considering first the
specification with the spillover measure and tmmflevel size control, log of total assets,
as in column 1 of Table 2, an interesting resuleeyas. While regional foreign spillovers,
computed considering administrative boundaries I@aB) were not statistically
significant, considering a distance-weighted spélomeasure yields significant results. In
column 1 of Table 6, distance-weighted foreign eneg is associated with negative
productivity spillover effects, with a coefficient around -0.61. This negative association
between foreign firms and domestic productivityl $tolds when considering spillovers
from firms located within a 100 km radius (columnT&ble 6), although the coefficient is
relatively smaller® However, when adding additional controls (colurirend 4, Table 6)
no evidence of foreign spillovers is found, sugmesta greater role for firm, sector and
country-specific variables in explaining domestioguctivity levels. In particular, the
insignificance of the regionally bounded spillo&able 2) suggests that the appropriate
economic dimension to be considered when analy#liegaggregate electricity sector,
including generation, transmission and distributismot intrinsically at the NUTS2 level.
The competition, or market-stealing effect relatedforeign presence, based on purely
geographic distance (columns 1 and 3, Table 6), suggest that, on the one hand, the
appropriate spatial scale at which competition ctffeof the liberalization process
materialize is not intrinsically regional in natu@n the other, the negative sign seems to
be signaling that domestic firms may be strugglingthe competition with more
productive foreign firms. This result is howevert mobust to the inclusion of additional

controls and should thus be interpreted with cautio
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distance-weighted 100 km cut-off
Electricity

Dep. Var. TFP (1) 2) (3) (4)
Horizontal spillover -0.606* -0.032 -0.480** -0.079
0.072 0.820 0.038 0.570
Public Ownership 0.036 0.032
0.627 0.655

Total assets (In) 0.434***  0.403*** 0.433*** 0.403*
0.000 0.000 0.000 0.000

Leverage (In) 0.090 0.090
0.259 0.262
Electricity Prices (In) 0.504 0.498
0.139 0.144
Genera’ag)n capacity 0.052 0.053
0.262 0.262
Sector fixed effects no yes” no yes”
Constant 1.437**  5075** 1.355*** 5.060***
0.002 0.001 0.002 0.001
Observations 725 700 725 700
F-test 97.907*** 915.635*** 93.961*** 913.216***
Adj. R? 0.40 0.83 0.39 0.83

Table 6. Distanceissues. Electricity
Notes: OLS estimation, p-values clustered by cquintitalics.
= Sjgnificant at the 1% level, ** significant athe 5% level and * significant at the 10% levalointly

significant at the 1% level
[insert Table 6 here]

Moving on with sectoral disaggregation, interestirgsults emerge when analyzing
domestic firms in generation (Table 7). Horizonsgillovers defined with the inverse
distance matrix and based on the 100 km cut-offwdl the 250 and 500 km, see
Appendix) are negative but insignificant, in lingtlwregional spillovers (Table 3), both

with and without additional controls.

Considering both horizontal and vertical spillovetsthe same time, thus mirroring the
specification in column 4 of Table 5, results rethto horizontal spillovers are unchanged
with respect to columns 1 and 2 of Table 7. Vettgmllovers from foreign firms in the

distribution sector are not significant, albeit atge, when considering the distance decay
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measure and the 100 km cut-off distance measutenfco3 and 4, Table 7), with similar
results with the 250 and 500 km cut-offs (Table)AThese findings seem to exclude the

existence of foreign spillovers, both within andass sectors, for domestic firms in

generation.
distance-weighted 100 km cut-off
Generation
Dep. Var. TFP (1) (2) (3) ()
Horizontal spillover -0.135 -0.025 -0.180 -0.051
0.531 0.901 0.420 0.803
Vertical spillover -0.289 -0.294
0.300 0.301
Public Ownership 0.079 0.074
0.482 0.495
Total assets (In)  0.373**  0.362**  0.372**  (0.362***
0.000 0.000 0.000 0.000
Leverage (In) 0.023 0.023
0.777 0.772
Generation capacity
(In) 0.094* 0.091*
0.084 0.087
Constant 1.363*** 0.481 1.362%** 0.500
0.000 0.395 0.000 0.379
Observations 407 404 407 404
F-test 192.083*** 157.853*** 199.536*** 160.321***
Adj. R? 0.62 0.62 0.62 0.62

Table 7: Distanceissues: Generation
Notes: OLS estimation, p-values clustered by cquintitalics.
*** Significant at the 1% level, ** significant ahe 5% level and * significant at the 10% level.

[insert Table 7 here]

As a robustness check (Table A.3), an alternatigéniion of foreign presence is
considered, based on the number of foreign firmsthis case, while the horizontal
spillover measure based on the distance decayxmatniot significant, the spillover effect
based the 100 km cut-off distance matrix (columraend@ 4, Table A.3) is negative and
highly significant. While this measure is less si@m in the literature and does not
account for the market share of foreign firms, teseult lends itself to an interesting

interpretation. The negative coefficient suggdsésdxistence of a pure competition effect,
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which may be linked to the competitive nature o€ talectricity generation sector,
characterized by the first and most pervasive wavVereforms (see for example:
Littlechild, 2002). In a competitive market, theepence of competitors, in this case
foreign, is an indication of potential loss of merkshare and could also cause the
disruption of market power, especially in a shoedinm term horizon as in the case of the
present analysis. An interesting conjecture isxemane whether this effect holds also in a
longer term perspective and is left as an avenutifare research. With respect to vertical
spillovers based on the number of foreign firmdydhe coefficient associated with the

distance decay matrix is significant and negative.

Horizontal spillovers, computed by considering oagain the foreign share of operating
revenues, for domestic firms in the distributiogrsent (columns 1 and 2, Table 8) are
positive and significant with all distance-basedi@per measures considered (Table A.2,
for results related to the 250 and 500 km cut-afties). This finding is in line with results
in Table 4, where the spillovers from foreign firtesated within the regional boundaries
were considered, suggesting that the sector efii@tiinates geographic distance issues in
the distribution segment of the electricity indystomestic firms in this segment appear
to potentially benefit, in terms of productivitysom foreign presence, and this result is

independent of the level and type of spatial disagation adopted in the analysis.

With respect to vertical forward spillovers, evidenof a positive correlation between
domestic productivity and foreign presence is coméid when the distance decay measure
is used (column 3, Table 8) and it remains poskiné significant when the 100 km radius
is considered, a result that is also confirmed il 250 km and 500 km radius (Table
A.2) suggesting that also vertical spillovers do seem particularly affected by different
spatial disaggregation. The sector effect, oncenageems to dominate the geographic
effect in the distribution segment of the industailghough the magnitude of the coefficient
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is slightly higher at the 100 km radius measurdwaispect to the distance decay spillover
(and even more so when considering the 250 anckB0@adius, Table A.2), suggesting

that distance does matter.

distance-weighted 100 km cut-off
Distribution
Dep. Var. TFP (1) (2) (3) (4)
Horizontal spillover 1.109***  0.703***  1.048**  (0.765***
0.000 0.004 0.000 0.005
Vertical spillover 0.567* 0.565*
0.048 0.055
Public Ownership -0.136*** -0.139%**
0.001 0.001
Total assets (In)  0.487***  0.467**  0.487**  0.468***
0.000 0.000 0.000 0.000
Leverage (In) 0.205* 0.199*
0.066 0.097
Electricity Prices (In) 0.683*** 0.767***
0.002 0.001
Constant 1.074**  2.903***  1.108***  3.155***
0.000 0.000 0.000 0.000
Observations 258 256 258 256
F-test 319.692*** 300.641** 311.149*** 764.796***
Adj. R® 0.75 0.80 0.75 0.80

Table 8: Distanceissues. Distribution
Notes: OLS estimation, p-values clustered by cquintitalics.
*** Sjgnificant at the 1% level, ** significant ahe 5% level and * significant at the 10% level.

[insert Table 8 here]

To further explore this idea, in Figure 1 estimatgallover effects, all statistically
significant, for the distribution segment of theatticity industry’ are plotted according to
the different levels of spatial disaggregation, hwihorizontal (vertical) spillovers
represented by a dashed (continuous) line. A comfeature of both types of spillover
effects in the distribution segment is that focgsom administrative regional boundaries
may lead to a possible underestimation of the pesitorrelation between foreign
presence and domestic firms’ productivity, with ighter misspecification in terms of
magnitude for vertical spillovers. When focusing spillovers computed with different

distance weight matrices, distance issues are retaeant for horizontal spillovers, which
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are maximized at the 100 km cut-off, suggesting tiwa positive effect of foreign presence
may be highly localized and decreasing the farbwway direct competitors are. The
transmission channels at play in the electricistribution industry may thus be those that
are stronger at shorter distances, such as for geamorkers mobility or the role of

supplier-buyer relations based on a small geogcapiarket scale. Further exploration of
this issue is left for further research. The irvalece of this issue for vertical spillovers

may hint towards the positive effect of the ovelidkralization process at the EU level.
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Figure 1. Distance mattersin distribution

[insert Figure 1 here]

The general reading of the existence of positivezbatal and vertical spillover effects
confirms the conjecture that the reform processedimt opening and liberalizing a
previously monopolistic and nation-specific sectorght be related to increases in

productivity for domestic firms.

7. Discussion and conclusions
Is increased foreign presence in the EU electre#gtor, mainly due to the recent reform
wave aimed at creating a single EU-wide electrigitarket, associated with higher

productivity levels of domestic firms? Does spacattar in shaping this relationship, if
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any, in particular distinguishing between admimiste regional boundaries and purely
geographic distance? The analysis presented inp#psr has shed light on these issues,
also highlighting the role of industrial disaggrega. The first important conclusion of the
empirical exercise is the following: the existenéeignificant spillover effects, at some of
the considered industrial and spatial disaggregatsuggests that the recent EU-wide
reform process of the electricity sector, aimedraating a single market and at increasing
efficiency and competition in a previously potetyiadistorted industry, is indeed
correlated to variations in productivity of domestirms. The entry of both private and
foreign firms in national markets, previously doatied by public firms not exposed to
competition, seems to have been potentially beiaéfio the overall productivity of the

market.

With respect to aggregation issues, two major tesind out: both industrial and spatial
disaggregation matter. No unambiguous spilloveeafiis detected, unless the proper
sector-specific and space related issues are fakemccount. In the aggregate electricity
sector, spillovers are relevant and negative onhemwfirm-level and sector-specific
controls are not added. This result is robust ftedint spatial scales, considering both
regional boundaries and different distance-basetjhwematrices. While the negative
spillover effect, present only when the single fisize control is added, may be an
indication of a competition effect at play, thetfélcat it becomes insignificant with the
addition of other relevant variables warrants @auin attributing particular relevance to

this result.

A finer industrial disaggregation, at the 3-diginR@E Rev.2 level, however, gives rise to
interesting and significant results. In the eleityi generation sector, where the reform
process started first and which is considered tbst mompetitive segment of the industry,
no evidence of horizontal foreign spillovers, based the notion of foreign presence
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computed as the share of foreign operating revermwes the total, can be found,
irrespective of spatial disaggregation and distanmasures. Considering instead the
distance weighted number of foreign firms, a contipet effect emerges, and this effect is
significant when considering the presence of fardigns within a specified radius (from
100 to 500 km). Spillovers from foreign presence fmmestic firms in electricity
generation could thus be related to a pure marketpetition effect and be directly
influenced by the number of competitors. This resan be framed in a competition
argument, suggesting that domestic firms in germ@rahight suffer from the presence of
foreign competitors and, at least in the short tase market shares and sales volumes,
leading to lower productivity. Considering instelbackward vertical spillovers, foreign
firms in the downstream distribution sector seeraxert a negative effect only when their
presence (both in terms of share of operating nge®m@and number of firms) is accounted
for within administrative regional boundaries. Thigding suggests that existing
commercial agreements and the presence of fordigns that are active in both sectors
(i.e. generation and distribution) are mainly regibin nature and that just geographic
distance is irrelevant. The fact that only the oegi dimension appears to give rise to
significant, negative, spillover effects from fagei distribution firms to domestic
generation firms suggests that the ties betweentwioe segments of the industry are
relevantly regional in nature. The possibly incoetplprocess of unbundling still reflects
the regional dimension of policies and the locahomoly nature of the distribution sub-
sector. In the generation segment it can be thusleded that spatial disaggregation
matters (although for horizontal spillovers theeetfis only significant when foreign
presence is accounted for by the number of foréiigms), and that the relevant spatial

scale for detecting the existence of vertical epéls is at the regional, NUTS2, level.
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In the electricity distribution sector, charactedzby a local monopoly nature, results are
quite different. Focusing on spillovers based om fitreign share of operating revenues,
horizontal spillovers are always positive and stagally significant, both when
considering the regional dimension and accountimglistance issues. The magnitude of
the estimated coefficient is higher when considgdistance weight matrices, suggesting
that in this segment the positive foreign spillower domestic firms’ productivity is
enhanced by physical vicinity, and is decreasinth wdistance. Foreign firms may be
characterized by more efficient management and cential plans, and contiguity and
workers’ mobility may enhance the possibility, fdomestic firms, to benefit from this
exposure. The local monopoly nature reinforces lime of reasoning, as liberalization
and foreign entry may have paved the way for greatenpetition and efficiency in the
sector. Vertical forward spillovers, from foreigmms in generation, are similarly positive
and significant, highlighting once again the positjp of an incomplete process of
unbundling. In the distribution segment, it appehet the sector effect is dominating the

spatial effect, and foreign presence is positivelgted to domestic productivity.

Overall, empirical results suggest that both indalsiand spatial disaggregation matter
when evaluating the existence and sign of foreigmd for domestic firms in the
electricity sector. While at the aggregate eleityrisector level there is some evidence of a
barely significant negative spillover effect, ifyarsector specifities at a finer industrial
disaggregation yield significant results. The spatlisaggregation appears particularly
relevant in the generation sector, where negatexical spillovers arise only within
regional boundaries. In contrast, positive horiabmind vertical spillover effects in the
distribution sector are distance-related, increpginmagnitude the closer the presence of
foreign firms is. These findings may be read imigiof considering the relevant industrial

aggregation level and appropriate spatial scakvaduate the impact of liberalization and
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foreign entry, on the one hand, and to specifyvase economic policies aimed at
fostering firm level productivity, ultimately movintowards greater consumers’ welfare

levels.
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Appendix

A.1 TheLevinsohn and Petrin estimator
Estimation of TFP from contemporaneous input antputulevels may be biased due to

simultaneity problems arising from the correlatitbetween inputs and unobserved
idiosyncratic productivity shocks. One solution fartvard by Levinsohn and Petrin (2003)
relies on the use of intermediate inputs as amumstnt for the capital input. The method is
performed in two steps. In the first, the firm’soguction function to be estimated is:

Yo =B + Bl + Bk + Bt +a +iy,

wherel, k andt are labor, capital and intermediate inputsrepresents the transmitted
component of productivity shocks, which impact om§’ decision processes andan i.i.d
. productivity component.

The first step leads to consistent estimatiofy.of

In the second step, assuming that intermediatetsnate a function of capital and the
transmitted productivity shocks () and that monatioy holds, so that can be expressed as
a function of intermediate inputs and capital, greduction function to be estimated is:

Vi = Bo*+ Bk + Bt +Ela || ++7]
wherey; =y, — 8|, using results of the first stage, apd= ¢, -7,

Regressingy; on the capital input and the expected value afonditional on its previous
period value, produces a consistent estimate ofdk#icient on capitaljx.

In the actual implementation of the procedure, aflé proxies for intermediate inputs
include material costs.

A.2 Additional Empirical Analysisand Tables

Electricity Generation Distribution

Private Public Private Public Private Public
Domestic Domestic Domestic Domestic Domestic Domestic

TFP 5.537 6.283*** 5.075 5.638*** 6.172 6.321
Total Assets 519741 536840 644660 564822 252895 58103

Leverage 0.597*+* 0.536 0.619*** 0.534 0.532 0.535

Table A.1:Private domestic vs. public domestic: descriptive statistics
Source: own elaboration on Amadeus data, 2009
*** Difference significant at the 1% level, ** sigficant at the 5% level and * significant at the
10% level.
[insert Table A.1 here]
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Electricity Generation Distribution
250 km 500 km 250 km 500 km 250 km 500 km
Dep. Var. TFP (1) (2) 3) (4) (5) (6)
Horizontal spillover -0.060 -0.053 -0.692 -0.042 0.759***  0.706***
0.680 0.718 0.049 0.839 0.005 0.004
Vertical spillover -0.298 -0.302 0.584** 0.573**
0.297 0.289 0.040 0.042
Public Ownership 0.034 0.035 0.075 0.076 -0.135%**  -0.134***
0.644 0.640 0.496 0.494 0.001 0.001
Total assets (In) ~ 0.403**  0.403**  0.362**  0.362***  0.468***  (0.468***
0.000 0.000 0.000 0.000 0.000 0.000
Leverage (In) 0.090 0.090 0.023 0.022 0.201* 0.205*
0.261 0.261 0.776 0.781 0.093 0.087
Generation capacity
(In) 0.053 0.053 0.092* 0.093*
0.257 0.252 0.082 0.082
Electricity Prices (In)  0.500 0.501 0.723**  0.685***
0.141 0.139 0.001 0.002
Sector fixed effects yes” yes”
Constant 5.059%** 5 (058*%*+* 0.494 0.490 3.042 2.947
0.001 0.001 0.380 0.382 0.000 0.000
Observations 700 700 404 404 256 256
F-test 919.897*** 924 585* 159.094*** 158.700*** 401.440*** 291.460***
Adj. R? 0.83 0.83 0.62 0.62 0.80 0.80

Table A.2: Distanceissues: Generation and Distribution
Notes: OLS estimation, p-values clustered by cquntitalics.

*** Significant at the 1% level, ** significant ahe 5% level and * significant at the 10% leVdbintly significant at the 1% level

[insert Table A.2 here]
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distance-weighted 100 km cut-off

Generation
Dep. Var. TFP (1) (2) (3) (4)
Horizontal spillover -0.018 0.014 -0.709**  -0.720*
0.391 0.193 0.013 0.014
Vertical spillover -0.248** -0.589
0.016 0.777
Public Ownership 0.083 0.076
0.489 0.466
Total assets (In) 0.373***  0.356***  0.374***  0.365*
0.000 0.000 0.000 0.000
Leverage (In) 0.038 0.044
0.628 0.582
Genera‘;ilggl capacity 0.080 0.099*
0.127 0.082
Constant 1.340%*** 0.690 1.347*** 0.425
0.000 0.209 0.000 0.474
Observations 411 408 411 408
F-test 227.949** 183.840*** 202.276*** 146.981***
Adj. R? 0.62 0.63 0.62 0.63

Table A.3: Distanceissues: Spilloversbased on number of foreign firms: Generation

Notes: OLS estimation, p-values clustered by cquintitalics.

*** Significant at the 1% level, ** significant ahe 5% level and * significant at the 10% level.
[insert Table A.3 here]

! The transmission segment of the industry is cansidi only in the aggregate electricity sector asialgnd not on its
own because of the limited number of firms in eaghntry, the monopoly nature of its operations, tmedscarce foreign
presence.

2 Knowledge spillovers, or technological externabti typically examined by means of a knowledge petidn function,
stemming from foreign direct investment (FDI) hawen the object of a lively literature, which isnewer outside the
scope of this paper. For a review see Keller, 288 Audretsch and Feldman, 2003.

* See the Appendix for an overview of the methodology

* The empirical analysis is based on a cross-seasawnership data is available only for 2009. Witile issue clearly
represents a limitation, several steps have bé@&mt@® minimize potential misspecification. In peutar, TFP estimation
is carried out by exploiting the full set of timesying data and firm-level variables are includedhie second step to
account for firm heterogeneity. Country-level vates and sector specific controls, when approprat also included to
increase the reliability of estimation results.

> Nomenclature des Activités Economiques dans la Comauté Européenne
http://ec.europa.eu/eurostat/ramon/nomenclatuiestin

® With the exclusion of transmission as a stand-afuiesector, as explained in the previous note 1.

" Source: Eurostat. Definition: Average nationatprin Euro per kWh without taxes applicable for fingt semester of
each year for medium size household consumers (@uutton Band Dc with annual consumption betweer02&td
5000 kwh).
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8 In the Appendix, Table A3, foreign presence isoactted for by the number of foreign firms.

° Nomenclature of territorial units for statistics
http://epp.eurostat.ec.europa.eu/portal/page/poutzl_nomenclature/introduction

191n this dataset, cities refer to the municipalityel (NUTS 4 or LAU 1 level,
http://epp.eurostat.ec.europa.eu/portal/page/pgoutzl nomenclature/local_administrative_units).

1 Defined as total liabilities over total assets.

' This control variable is significant and positivelyin the distribution segment (see e.g. Tablsutjgesting that this
sub-sector may be driving the result in the aggeegkectricity sector.

13 Adding a control for the share of renewables epbol of sources to better account for the contjposdf sources
yielded insignificant results. Using the percentafjeapacity in combustible fuels yielded similaihgignificant results.

14 Using the percentage of capacity in combustibésfyielded insignificant results as in the presifeotnote.

!> To test this hypothesis an interaction term betwpablic ownership and horizontal spillovers waslext to the

equation. The sign of the estimated coefficienthef interaction term turned out negative, withatlier results stable,
corroborating the view that domestic public firm&ght experience increased, with respect to domgsiiate firms,

negative spillovers from foreign presence. The ficieht is however not statistically significantptnallowing a formal

confirmation of this view.

18 Similar results are obtained when considering2®@ and 500 km radiuses, details in the Appendikld A.2.

Y From Tables 5, column 2, Table 9, column 4, Tah Aolumns 5 and 6, Table 9, columns 2, linesdLZan
respectively for horizontal and vertical spillovers
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