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Abstract

A remarkable academic interest and consistent fuundiom national and supranational bodies has been
concentrating on the topic of Smart Cities; consetly, Smart City policies have attracted relevamding.
However, no empirical evidence is to date availabiethe economic rationale of these policies. Irtipalar,
while few studies deal with the impact of smartamtcharacteristics and policies on urban performatacdate

the link between smart features and policies onatiie hand, and urban performance on the other heasd,
never been explored.

In this paper we address this gap by empiricallyfyieag whether smart urban policies foster urb@oreomic
growth, resting on the assumption that smart uiddaracteristics, while being growth-enhancing ie tbng
run, have only an indirect effect on urban perfanoga This assumption is tested by means of a imstntal
Variables approach whereby urban performance isdaimgnl by Smart Urban Policies, along with a set of
control variables. The model is tested on a date lid 309 European metropolitan areas, collectedhis
analysis and containing information both on smestn characteristics and the intensity of smavites.

Our empirical results suggest that Smart City polictensity is associated with a better urban endoo
performance. Instrumenting smart policies with gno@ban characteristics, besides, suggests thatathsality
direction goes from policy intensity to growth, andt vice versa (thus ruling out reverse causaliBglicy
suggestions based on these findings are finallyiged.

Keywords: Smart City, Smart Urban Policy, Urban Growth ttamental Variables
JEL Classification codes: R11, R58

! politecnico di Milano, ABC Department. Email adsssndrea.caragliu@polimi.it
2 Universita degli Studi di Milano, DEEM DepartmeBmail addresschiara.delbo@unimi.it

1



1. Introduction

The literature on Smart Cities has come a long siage the early talk about the intertwined rolénéérmation
and Communication Technologies (henceforth, ICTs) arban growth-enhancing characteristics. The t@mo
call by Hollands (2008) for real smart cities tarat up could be now replaced, if anything, withadl for a
sound and clear empirical assessment of the reat ity effect to introduce itself.

In fact, despite the to date burgeoning literatmeSmart Cities (Komninos and Mora, 2017), it iepfdifficult
to exactly pinpoint the real economic effect ofngeiSmart’. The planning and geography literatuhase
stressed this novel concept as means to logicafjgrize efficiency —enhancing urban features (Aptiibos
and Vakali, 2012), but the economics literature hasn surprisingly scant on this front. In pari@ulonly
isolated attempts to identify correlations betw&smart City characteristics and urban economic pedoce
have been so far attempted (Caragliu and Del Bb2R0

The vast academic interest in the concept of S@igythas also been reflected in a number of pdhdyatives
aiming to build on Smart urban characteristicsastdr urban efficiency and growth. The flow of mpneto
local Smart City initiatives has also elicited amher of critiques against the predominance in theur$ City
literature of a business—oriented perspective (\ariz014). In this critical view, the discussionoab urban
smartness would be steered by major multinatioogdarations, which would be biased towards suggest
local boards the efficiency-enhancing effect ofalisng ICTs (sensors, communication devices etc.).

Once again, the economics literature has been glajmy from empirically assessing the effect of &radty
policies, not the least because such policies lbalerecently been attempted, and, therefore, tiéct may
not have been fully reflected in economic datafakt, to our knowledge only few attempts to linkestrurban
characteristics and Smart City policies have beeen without directly linking both to urban economi
performancé.

Lastly, despite the relevant funding devoted ateatitorial governance levels, an important raéénly played by
the European Union by means of the Smart Cities @mehmunities (henceforth, SCC) initiative, to dats
enough attention has been paid to the economicnat underlying Smart City policies and their it
growth effects on cities.

In this paper, we exploit the early and limited derice about the impact of Smart City policies, &mel
conjecture that urban smartness does not leadtlgitecGDP growth, as an identification strategyagsess the
link between smart policies and urban growth.

The paper provides a relevant contribution to the$ City literature. Our empirical estimates pdevievidence
about (i.) the existence of a positive associatietween Smart City policies and urban growth, meskas the
growth of GDP in EU metro areas, and (ii.) the thett this association can be interpreted in aatagssense,
on the basis of the identification strategy disedskelow, and the ensuing instrumental variablémates. To
the best of our knowledge, this is the first cdnttion to the literature systematically attempttodink smart
urban policies and urban economics performanceaiticular using a broad data base covering a largss
section of European cities.

The paper is organized as follows. In Section Zewew the literature on Smart Cities with a sgedibcus on
the economic appraisal of smart urban policieSdation 3 we describe our empirical approach, fogusn the
identification strategy underlying our estimatesSlection 4 we review the details of the data se¢mbled for

% In one of these few contributions, positive eviceembout the link between Smart Urban charactesisthd Smart City
policies has been identified (Caragliu and Del BO16), without actually finding a direct impact either on urban
economic performance.



our empirical exercise. Section 5 presents the iécapiresults, while, finally, Section 6 concludasd draws
possible policy implications.

2. Smart City policies
The literature on Smart Cities has thrived overlése few yearé.In this section, we will focus on a relatively
underexplored issue, i.e. Smart City policies.datf while the academic world has actively parttggd in the
debate about the definition of the concept of Si@#xt, it has relatively neglected the policy appahside.

Despite the non-negligible funding available atsglatial scales, but chiefly from the European dniwrough
the SCC initiative, to date insufficient attentioms been paid to a careful analysis of both thea@uoa rationale
for Smart City policies, as well as their potengedwth-enhancing effects on cities.

Thus, two major issues seem relevant for the scbpair analysis. On the one hand, Smart City petichust
show some feature that makes this specific objegbbicy different from other axes of interventiolm. other
words, the economic rationale for Smart urban pdicshould be clarified. This literature is sumrpedii in
Section 2.1.

On the other hand, once the nature of such polliéssbeen defined, their expected impact on urlpawth
should be discussed, possibly with an eye on ailgessmpirical strategy to appraise the impact.sT$econd
type of literature is critically discussed in Seati2.2.

2.1 The economic rationale of Smart City policies
The notion of Smart City is intended as a way tgidally organize a set of growth-enhancing urbandis that
have already been discussed in the economics,iptarand geography literatures. Among the manynitefns
of this concept, in this paper we follow the onevied in Caragliu et al. (2011), whereby a citgéined as
smart when thvestments in human and social capital and tradil (transport) and modern (ICT)
communication infrastructure fuel sustainable ecuiw growth and a high quality of life, with a wise
management of natural resources, through parti@patgovernance (Caragliu et al., 2011, p. 70). This
definition follows on the seminal ranking by Giffiar and coauthors (Giffinger et al., 2007), wherean
performance is ranked along six axes including $faaonomy, Smart Mobility, Smart Environment, Smart
People, Smart Living, and Smart Governance.

In this stream of literature, what distinguishebamr smartness from other germane definitions iadt the
synergic interplay between tangible and intangfblturesEach of the growth enhancing factors, categorised
under the six axes definition of the Giffinger paltlas in fact been individually linked to urban guotivity
growth. In this section, the link between eachhef aixis comprised in the adopted definition of Sr@ity and
urban economic performance will be reviewed, with &im to lay down the foundations for the subseque
empirical analyses.

Human capital has been recently found to play aiafwole in determining urban growth (a literataréginated
from the seminal work by Berry and Glaeser, 200&)re educated and more productive people tendrairso
cities (Combes et al., 2008), and the localisedimetation of human capital engenders positive eslities at
the urban level not only in terms of higher proditt, but also in terms of social capital (in petfar, lowering
criminal participation and improving citizenshipfmlitical behaviour: Moretti, 2004). It thus comas no

* The scope of this section is not to review theegierliterature on Smart Cities, and in particwdarthe way this concept
can be defined. The interested reader is refeoégiaragliu et al. (2015) for a broad overview aé ttype of literature; to
Angelidou (2015) for a classification of the exigtiliterature in terms afrban futuresand theknowledge and innovation
economyto Nijkamp and Kourtit (2017) for a Regional Suie perspective on this topic; to Giffinger and ridinaier
(2010, 2017) for a review of the use of rankingghe Smart City literature; and to Komninos and M¢2017) for a
bibliographic analysis of the literature, with adgeaphic and thematic breakdown.
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surprise that cities with higher levels of sociapital are also found to overperform with respecsimilarly
endowed cities where social capital, mostly by sigpifferent returns to human capital (Glaeser Redlick,
2009). An additional channel that engenders creatdsonance here is due to the fact that physroairpity
enhances social interactions, thereby maximising plotential returns from social capital (Glaesed an
Sacerdote, 1999).

Earlier literature has also shown that thicker anate efficient transportation networks both intérswell as
external to the city make cities more productiver istance, Duranton and Turner (2012) show thid per
cent increase in a city’'s stock of highways is e tmedium run associated to a 1.5 per cent incrizase
employment, while Holl (2016) finds that manufaatgrfirms become more productive the easier theiess to
transportation networks. Often, investment in tpamsinfrastructure changes the structure of spat@entives
and exposes weaker urban areas to increased ctionpéthm more productive ones, which may in thegoun
prove an unsustainable challenge for lagging regi(@apello, 2016; Faber, 2014); and relevant dpatia
spillovers are found to characterise the impacdhefcreation of infrastructure, with a heterogersedistribution

of the benefits accruing to local actors (Del Bd &torio, 2012).

More recently, the widespread availability of Infation and Communication Technologies (hencefd@fis)
has prompted the emergence of a vast literatuusiing the productivity enhancing role played oyital
infrastructure at different spatial scales. Basale(2003) find overwhelming evidence that theedgence of
productivity growth between the US and UK can bpl@xed on the basis of different ICTs adoptioresat
Given its early focus on the role of ICTs in explag urban development, the Smart City literatuas bften
provided evidence about the (on average) higheowm@nt with ICTs of Smart Cities w.r.t. cities of
comparable size (Baucells et al., 2016). Cleahyg, widespread diffusion of ICTs is not exempt fromajor
drawbacks and side effects: fir instance, Audi20p) finds a strong negative effect of the diffunsof ICTs on
compact urban form, while Graham (2002) discudsegbtential redistribution and income polarizatidfects
exerted by the unequal diffusion of ICTs amongutian population.

Urban locations are often associated with highaliuof life. This is testified both in spatiallgggregate
empirical (e.g. Shapiro, 2006), whereas urban mibdty growth is associated to higher quality dfel
measures, as well as in a recent and promisingrstref literature which uses micro data to expldre t
association between urban features and individigasétisfaction (see for instance Lenzi and Pexu2616 for
a recent example). A classical stream of studiased on the traditional Rosen-Roback spatial dyyjiuitin
setting, has also used hedonic price models tdifgehe quality-of life premium associated to unbl@cations
(see e.g. Blomquist et al., 1988).

The issue of urban sustainability has also gainedhnattention over the last two decades (Maclatéag). A
sustainable and wise management of natural urtsourees is in fact a necessary condition for adjelong
run economic success. The depletion of naturaluress can in fact seriously affect the availabildfy
production factors for future generations. In encgir terms, this point has been captured mostlyaby
burgeoning literature dealing with the impact dbam form, and in particular sprawl, on economidgenance
and social sustainability. Most literature typigafinds that a compact urban form is more sustdimaind,
therefore, conducive to a better long run econopeidormance (Camagni et al., 2013). However, feyeatr
strong advocates (e.g. Glaeser and Kahn, 2004) @&Xise opposite case, viz. that sprawl makesnudheellers
better off, also thanks to the technological chathgéreduced the costs associated to a disperbad form.

A final an interesting element of novelty in the &b City definition adopted in this paper is th&participated
governance. In the Smart City literature, partitdpagovernance is often found to make cities semaahd, thus,
more efficient. Participated governance also mdaas cities that foster the co-participation of peikand
private institutions in Smart projects makes suatjggts more prone to success (Rodriguez Boliv@t/R in
fact, recently a holistic approach to the evaluatad smart city performance, in the light of a battup



participatory approach oriented towards the creatib public value has been advocated in Castelraival.
(2016).

2.2 The expected impact of Smart City policies

As for the expected impact of Smart City policieszent evidence convincingly shows that Smart @itlcies
tend to be undertaken by urban areas that alreamg $iigh in one or more of the axes of the dadinitised in
this paper (Neirotti et al., 2014). As also docutadrin Caragliu and Del Bo (2016)$thart City policies are
more likely to be designed and implemented in <itieat are already endowed with smart charactergsti
(Caragliu and Del Bo, 2016, p. 657). The complexitySmart City policies impact is clarified in Adgou
(2014), who provides a useful classification of &ngity policies along four main axes, i.e. whetl@&mart
policies:

* are undertaken at the local or the national level;

« are applied to existing cities or geared towarésctieation of brand new ones;
« focus on hard or soft infrastructure;

e are organised along a sector-oriented or placefapacis.

In turn, local context conditions are also a cruditerminant of Smart City policy effectiveness{étti et al.,
2014); and a shared, bottom-up approach in intiagramfrastructure is often a critical factor foramimising
these policies (Lee et al., 20T4).

Given the structural multifaceted nature of smatieg, the economic impact of the adoption of Sn@ity
policies is in turn expected to be complex. In thidsection such impact will be analysed in terishe
channels through which it may possibly happen.

The first and most straightforward channel throuwgtich Smart City policies may work is through entiag

urban efficiency (Chourabi et al., 2012). This heppby means of financing one or more of the arssribed
in Subsection 2.1. For instance, Smart city pdicieve often stimulated the widespread availabibity
knowledge and information, especially in termsigfdata (Kitchin, 2014).

A second major channel through which Smart cityigied may act is through increased citizens padiodn.
As stressed in the definition of Smart City adopitedhis paper, participation of various social s to the
construction of Smart Cities is one of the mostht# elements differentiating this concept fromeotsimilar
notions in the literature. In fact, the literatusereplete with calls for paying attention to thedistributional
effects possibly engendered by enacting Smart @iticies focusing just on the technological cordernd
ignoring the soft factors needed for urban dwelterfully absorb such new technologies. For instar@@oe et
al. (2001) suggest that in the absence of a cagetfehtion being paid to soft infrastructure, rigksunequal
Smart City policies effects may be relevant.

A third and last relevant way of fostering urbaficegncy when Smart City policies are enacted ®uigh an
increase in business opportunities. Despite thaively young literature on this topic, in fact,i@nce is quite
strong in suggesting that cities investing in Sn@ity policies also tend to be more proactive itraating

productive workers and firms (Bowerman et al., 200am and Pardo (2011) suggest that technologngive

companies involved in the application of Smart tedbgies may engender local spillovers that caggéi

positive feedback effects; and this may even p@w&rategic way out of the economic crisis, as eagin

Paroutis et al. 2014). In fact, the widespread &dopof e-technologies, sensors, and smart teclgizab
solutions has prompted many critiques against tisinkss-oriented nature of the very notion of urbaartness
(Vanolo, 2014).

® This point will be taken into account in our enigat exercise, by controlling for a set of locabgth-enhancing factors in
our estimates.



All these points can be summarized in the expeptegitive relationship between the adoption of SnGity
policies and urban economic performance, captuitbereby means of higher productivity growth, oglmér
GDP growth. An interesting remark to be made herthé notable absence in this literature of a diliek
between urban smartness and urban economic perfoandn fact, to date no attempt has been made to
empirically evaluate the causal relationship betwd® interplay of smart urban characteristics tedsin the
definition of Smart City adopted in this paper amdan economic performanténstead, evidence suggests that
investing in one or more of the typologies of p@échere summarised is expected to stimulate uebanomic
growth. In this paper we will hinge on this poiot bur identification strategy, as further explairie Section 3.

Despite the large sums invested in Smart City psdicnevertheless, the literature on the economact of
Smart City policies is surprisingly scant. Mosttyfocuses on case study evidence of the impaadtseofdoption
of one or more type of Smart City policies on ollenaban efficiency. Notable examples of citiesttbaast
effective Smart City policies include Barcelona Kaet al., 2013), Seoul and San Francisco (Lead.e£014),
or Louisville and Philadelphia (Shelton et al., 8D1A grand overview of the empirical associaticatween
Smart City policies in a cross-section of citied anban performance is instead mostly absentpger aims to
fill this gap, by answering the following reseamulestion:

RC  What is the economimpact of adopting Smt City policies on urban grow?

Section 3 will explain the empirical strategy admpto provide an empirical answer to this resegrastion.

3. Empirical approach and identification strategy
On the basis of the literature review discusse8ention 2, and of the complex and multifaceted neatidi the
concept of Smart City, the indicator of urban perfance that seems most appropriate to fully refleetvarious
impacts and channels of Smart City policies is nrB®P growth.

The research question of this paper faces a nugailyetevant empirical issues. The two most releyanblems
are related on the nature of Smart City policiegant (do Smart City policies directly foster GDPwth?), and
the potentially relevant issue of endogeneity (doa& City policies foster GDP growth, or do fasgeowing
cities tend to invest more in Smart City policies?)

These two issues are solved simultaneously withfttlewing identification strategy. As clarified ithe
previous section, there is very limited evidenceadfirect causal impact of smart urban featuree@momic
performance. Individually, each axis of the adomtefinition is found to be associated to economawgh, but
so far no evidence exists on the synergic interplktyveen the six axes and economic performance ek
the literature does suggest the existence of diymsissociation between investing in Smart Citliges and
urban economic growth. We will hinge on this finglifand test it empirically) in order to identifyetitausal link
between this type of policy and urban economicgreréince. The natural candidate for this type oheowetric
exercise is the Instrumental Variable (IV) Estinmato

Formally, our research question is translated tiofollowing testable equation:
AGDR,, =a;, +f,*GDP, +y,, *smart_policies, + 9, * density, + (1)
+¢, *R& D, +4  *instituting, +¢&;,

® Empirically, a test of this assumption would ehthe use of interactions among individual measwkshe six axes
comprised in the definition adopted in this paphile potentially interesting, this exercise is moidertaken in this paper
and is left as a future research avenue.



where index indicates a city in our sample, indiceandT refer to time (here equal respectively to 2008 and
2013),4GDP andGDP indicate urban GDP growth and the initial level@GDP, respectivelysmart_policiess

our indicator of Smart City policy intensitgensityis a measure of agglomeration economies (captoyed
population density)R&D stands for expenditure in Research and Developnaemt finally institutionsis a
measure of the local quality of institutions. Fipat;; is the usually i.i.d. error term.

Methodologically, our IV estimates use the indicatd urban smartness described in Section 4 belmw f
instrumenting Smart policies. The exclusionaryrietbn in this case therefore requires urban snesg to be
associated with a higher chance to enact Smartpgoligies, as argued in Caragliu and Del Bo (20&6thout
however a direct link with GDP growth, as arguedtlie literature summarised in Section 2. A second
instrument used for identifying the causal linkvae¢n Smart City policies and urban growth is a dymequal

to 1 when the city is the Country capital. In thise the rationale is that administrative and paweetres are
expected to more easily attract funds targetingctieation of Smart Cities, without however beingessarily
bound to grow faster.

This exclusionary restriction will be empiricallgsted in Section 5.

4. Data and indicators
A new data set has been used for this empiricateses with data covering three major axes:

« Intensity of smart urban policies;
» Socio-economic characteristics of European cities;
e Urban economic performance.

In the remain of this section we review sourcesmgthods for each of these three dimensions.

4.1 Anindicator of smart urban policies
In order to measure the intensity of Smart urbdities we refer to the approach developed in Caragid Del
Bo (2016). Accordingly, four main data sources oliqy intensity have been analysed:

« cities implementing smart policies in the list pregd by European Parliament (2014);

+ cities member of the Eurocities netwdrk;

» cities participating in Framework Programme 7 (leforth, FP7) Smart City initiatives;

» cities actively cooperating with a major Multinated Company offering Smart urban services.

Each of these sources is described in detail below.

European Parliament (2014) discusses successhilstadies of cities implementing Smart City pokciin this
case, being successful means enjoying an alignbwmnteen city-level policy objectives and EU20201gom
our data base, this information translates intarmmy variable, equal to 1 if cities are includedtis study O
otherwise.

" Indeed, recent evidence suggests that small adéilmesized cities may have outperformed larger nidaas, at least in
the EU context (see e.g. Dijkstra et al., 2013, @athagni et al., 2015).
8 http://www.eurocities.eu/



The Eurocities network has been created in 1986leyen European cities, with the goal of enhancing
networking between non-capital cities. This groupvnencompasses 103 members, organized in forums,
working goups and projects. The goal of this nekwsrrelated to the view that cities are enginesrért and
sustainable growth in the EU, and the network’samajorking group is precisely on Smart Citle#/e have
thus created a second indicator variable that mssiglue 1 to cities belonging to this network @ratherwise.

Using data from the factsheets on Smart City Ptsijfeand the European Commission’s SCC web pagaich
are part of the European Commission’s Digital Ageniohformation on public involvment and funding of
municipal offices to FP7 is collected.

In order to have a more comprehensive picture ®frtiplementation of Smart City policies, the infation on
participation in already funded projects is commaied by involvement in Commitments at the cityelé®

Commitments are non-binding but represent volungapressions of interest of public and private pend® to
actively and concretely support the overall objegi of the European Innovation Partnership on SCC.
Commitments are expressed in different subjectsaneliich can be linked to the six axes of our SrTaty
definition (Section 2.1), while official FP7 projscare for the most part in the field of energyicgfhcy,
following the EU’s reading of Smart Cities (Crivell2014). From a policy perspective, this seemsqudarly
fitting the aim of these empirical analysis; intfa8CC is based on stakeholders’ commitments, llyemtbowing

the matching of funding devoted to R&D with institmal budget of the involved actdfsyery much in line
with the discussion about the need for a bottonapgroach in delivering Smart City solutions (Schedffet al.,
2011).

Since cities can be part of several EU-funded ptej¢EU_FP and EU_SCC, respectively) and Commitment
(EU_committ), we have used a count measure ofggaation. The resulting variables are then staridaddon a
0-1 scale, with 0 indicating cities with no pamation to any of these initiatives, and 1 assodidt®
participation in several activities.

In order to provide a complete picture of SmartyQiblicies, the involvement of private actors il@itly
considered. In fact, as mentioned above, Smart &itpns often revolve around the development asel af
technological applications developed by privatédhtedtogical firms. As a first step in the measurenththe
inclusion of private actors in the design and immatation of Smart city policies, we have considevae of
the major private players, IBM, to account for thgpect. While considering a single private actay tead us
to downsize the phenomenon, the choice was drivethd fact that IBM hosts a dedicated webSifer its
Smart City initiatives, listing current projectsdditional private actors should be included in fateesearch on
the subject. The variable private takes on valifettis private firm is a partner of the municipaffices in the
implementation of Smart City policies and O othes@vi

® http://www.eurocities.eu/eurocities/activities/wiry_groups/Smart-Cities&tpl=homét must be acknowledged that not
all Eurocities member actively engage in self-dedirSmart City projects; however, it is reasonablestate that such
membership closely mimics the definition of the akes presented in Giffinger et al. (2007), andmeating in Caragliu et
al. (2011). In fact, Eurocities members organisgemts along the following seven axes: (i.) Culiuiie) Economy; (iii.)
Environment; (iv.) Knowledge society; (v.) Mobilityvi.) Social affairs; (vii.) Cooperation. Lastlthis is just one of the
categorical indicators adopted in the empiricallyses to capture the extent to which cities scorderms of their
smartnesattitude. We would like to thank an anonymousnedefor pointing at this possible issue.

10 http://ec.europa.eu/digital-agenda/en/node/72869

1 http://ec.europa.eu/eip/smartcities/index_en.htm

http://ec.europa.eu/eip/smartcities/files/ifc-fan, pelf.

13 Among the Commitments presented in 2014, 36 pat oé lead organizations are Public Authorities, (2 cent
Businesses and 16 per cent Academic Institutions.

1 we would like to thank an anonymous reviewer foinfing at this relevant link between our indicatand the
institutional setting of this EU initiative.

15 http://smartercitieschallenge.org/smarter-citigalh




4.2  Anindicator of urban smartness
The urban smartness indicator used in these asalysee same calculated for the first time in Qhwaand Del
Bo (2015). In that work, the six axes of the deiom of a Smart City discussed in Section 2.1 aliding the
Giffinger et al. (2007) classification have beenaseed on the basis of Urban Audit data by meana of
Principal Components Analysis. As illustrated infimble 1, at least four indicators for each axithefdefinition
have been calculaté®i Then, each axis is assigned a score by reducmgntbrmation of the axis indicators
through a Principal Component Analysis. Finallye thix indicators are averaged to get a unique ipahc
Component measuring aggregate urban smartness.

The six axes selected for calculating the aggregidtan smartness indicator cover a sample of 30@ikts for
the following six dimensions:

* Human capital;

e Social capital;

» Transport infrastructure;
* ICTs;

» Natural resources;

« E-government!

In order to more sensibly fill the inevitable gapsiata and maximize data availability, we havesidered the
mean value for the period 2008-2012, thus makirey afsthree waves of data of the Urban Audit coitect
Missing data, not negligible in some specific datators, were filled by different techniques:

« Whenever possible, the value of each indicatotHerspatially closest urban area has been ised:;

* In the case of specific data vectors were missiatyes were systematic, data from the closest
hierarchical NUTS classification has been useds Thithe case of the raw indicator concerning the
percentage of families with internet access at haméhe absence of city-specific data, data fréve t
corresponding NUTSL1 region have been used;

* Inthe case of systematically varying subsampletatd for a vector with strong correlation with tes
vector under the same axis of data, the average ohthe two indicators for which both data vestor
were available within the same Country and axis Ib@sn calculated and this ratio applied to the
observations for which data for one of the two wectwvas missing. This is for instance the casdef t
two vectors “Proportion of solid waste arising wviiththe boundary processed by recycling” and
“Proportion of the area in green space”, bothrigllunder théNatural resourcesxis. For countries such
as the Czech Republic some cities were missing ftatahe first indicator, but several had both
available.

« Lastly, whereas none of the above solutions wasilples the average Country value, or the minimum of
the Country data distribution, depending on thation of each city, has been used.

6 Raw data are in general obtained from Urban Adit,additional sources also include ESPON FOCA @latnnert et al.,

2011) and EUROSTAT data at NUTS2 level.

" The set of six axes reflects the spirit of Gifmgt al. (2007), and is also discussed in Albinal 2015) as being at the
forefront of means to measure Smart Cities’ perforoge. A similar structure has also been recenthptad in Hara et al.

(2016) for measuring smartness within cities.

8 This is true for all indicators calculated as petage or relative intensities, for which, thuspeaningful comparison

across different urban areas can be attempted.



Urban smartness axis

Raw data

1. Human capital

Proportion of population aged 15-64 qualified atigey level (ISCED 5-6) living in Urban Audit cés - %
Students in tertiary education (ISCED 5-6) livimgUrban Audit cities - number of students per (LBthabitants
Proportion of employment in financial intermediatidusiness activities

Proportion of employment public administration Ifieaeducation

Number of companies with headquarters in the aitytgd on the national stock market

2. Social capital

Car thefts per 1,000 pop.

Burglaries per 1,000 pop.

Crimes per 1,000 pop.

Number of elected city representatives

3. Transport infrastructu

Length of public transport network per inhabitant
rSehare of restricted bus lanes from public transpetivork
Number of buses (or bus equivalents) operatingenpiublic transport per 1,000 pop

Number of stops of public transport per 1,000 pop.

4. ICT infrastructure

Percentage of families with internet access at home
Number of local units producing ICT products
Number of local units producing ICT-related sersice
Number of local units producing web content

5. Natural resources

Proportion of solid waste arising within the boundarocessed by recycling
Proportion of the area in green space

Green space (in m2) to which the public has acgess;apita

Annual average concentration of M

Annual average concentration of MO

6. E-government

% of internet users who interacted via internehwlite public authorities in the last 12 months (@oudata)
% of internet users who sent filled forms to puldlighorities in the last 12 months (Country data)
Number of administrative forms available for dowaddrom official web site

Number of administrative forms which can be subedittlectronically

Table 1. Indicatorsfor the 6 axes of the Smart City definition
Source: Caragliu and Del Bo (2015)
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Individual indicators are now individually describerirstly, for human capital we follow up to thefisition
given in Caragliu et al. (2012), which brings tdgsteducation (here measured with the number dests in
tertiary education per 1,000 inhabitants), the fiomal/sectoral component (here captured by mehtteshare
of employment in skill-intensive industries), aihe tposition of the city within the urban hierarg¢hgre proxied
by the number of companies listed on a stock exgharith headquarters in the analysed city). Thealtieg
human capital indicator thus better reflects thétifaueted nature of this concept, especially witbities.

Social capital is also a multidimensional concétere we follow Putnam et al.(1993), which refersthe
political action component of this concept (hereameed with the number of elected representativesach
city), and add to this classical contribution therkvby Akcomak and ter Weel (2012), which showd tities
with lower crime rates are also characterized lghéi levels of social capital. In our analysess tksue is
captured with the number of car thefts, burglasies crimes per 1,000 inhabitants.

The density of urban transport infrastructure isasueed by the length of the public transport nekvwaord the
number public vehicles in each city’s urban fleb& network’s quality is instead proxied with thremortion of
restricted bus lanes over the total street landgtanumber of stops per 1,000 inhabitants (Gaundsvan Wee,
2004).

A crucial element in the measurement of the Smést @efinition followed in this work is how to preply

capture the quality of ICTs endowment. To this aiva,refer to OECD (2005), where ICTs have beendadon
be characterized both a demand side as well appysside. Here, we measure the demand side of W@ffsa

measure of household internet access, while thplggide is proxied by in the production of ICT gdrmts,

services and web contents in each ty.

It is worth stressing that this choice is not exefnpm criticism. For instance, it has been argtleat “policy
prominence retained by supply-side benchmarkingr@dvernment has probably indirectly limited efomade

to measure and evaluate more tangible impacts. Highres in EU benchmarking have contributed to
increasing the institutionally-perceived qualitytinot necessarily the real quality and utility efyjevernment
services (Codagnone et al., 2015, p. 305). However, ingahsence of city-specific comparable measureseof th
quality of e-government services offered by locdmaistrative bodies, ours still appears to be iiast
reasonable solution to proxy for the intensity -@overnment efforts of local boards.

The natural resources axis is captured by meattsegbercentage of waste that is disposed of bychecy the
amount of public green space in each urban area ghare of total are#)and the annual average concentration
of PM;g and NQ, as indicators of the intensity of pollution.

Lastly, e-government is measured by the percentdgaternet users who interacted with, and downéshd
documents from, public authorities, as well astmytumber of administrative forms that can be stibohiand
downloaded electronically (Welch et al., 2005). §éelata are only available at the country level amdthus
attributed to each city in terms of the urban as#are of Country populatiéh.

As anticipated above, each of these individual cattirs is obtained by means of a Principal Compisnen
Analysis, using as an indicator of each axis corspts associated with the largest eigenvalue (Kaigg1)

9 The causal relationship between social capital@vid participation, including involvement in Idcelections, has been
extensively analyzed starting from the seminal wafr€oleman (1988).

20 The use of multiple indicators for measuring IQ¥as also been advocated in Misuraca et al. (2G8)g with the
introduction of a reflexive meso level in the appahof the impact of ICTs in the different socistgomains.

1 See also Tajima (2003) for more details on theafiggeen area in similar empirical studies.

2 Despite the two decades-long history of e-govemtns®lutions, their adoption rates are surprisinigly also in
developed countries. This translates also in divelg poor process of measuring the extent to tvhizese solutions
actually enter administrative bodies, and is tyihycaxplained with a concentration on e-governmémtestment in
technological and operational matters and by utsihal and political barriers (Savoldelli et &Q014).
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and for which factor loadings are conceptually opable (Dunteman, 1989). The six Principal Comptsare
finally aggregated, by simply un-weighted averagihg indicator, to finally obtain an aggregate aador of
urban smartness. The six tables with the factodifms and the associated eigenvalues for the s axe
reported in the Technical Appendix.

4.3 Indicators of other urban characteristics
All remaining data for our empirical exercise amdlected at the EUROSTAT metro areas le¥egpart from
the indicator of the urban quality of institutiofor this last measure, we use the 2010 versidheoflata base
described in Charron et al. (2015), which creatasique indicator out of measures of the qualitg@fernance
understood in terms of low corruption, impartiabfic services and the rule of law. These data alleated at
NUTS2 level, and the value of each NUTS2 regiassisigned to the metropolitan area located in thieme

5. Empirical results

Table 2 shows the empirical estimates of Eq. (&¥ed on the Instrumental Variables regressionsdbasehe
identification strategy described in Section 3.

In Table 2, columns differ in that additional reggers are progressively added to our estimatess, Tiatential
differences across columns is meant to highligtssifde multicollinearity issues. It is worth striegsthat our
estimates display no such behavior — magnitudessagmificance of the estimated parameters do noy va
significantly across columns. The only exceptioreigresented by the initial level of GDP, initialgtimated to
be negatively and significantly correlated to GDBvgh as in the traditional conditional convergeiitaature.
This variable becomes insignificant after includangummy for cities located in New member Stat@&esides,
all regressors are standardised. Hence estimaédficdents can be interpreted as elasticities.

Across all model specifications, the indicator afé®t City policies is positively and significantigsociated to a
higher GDP growth. In the last column, which encassges the full set of control variables in our nhotte
estimated coefficient suggests that a one standiewvdhtion increase in policy intensity is assodatall else
being equal, to a .16 standard deviation increaseDP growth. All standard IV tests are signifidantassed.
Both the underidentification and the weak idendifion tests are confidently rejected. Besides, Blagsstatistic
suggests that instruments are not over identifidiich strengthens the case for our identificatimategy.

Finally, all control variables are positively anigrsficantly associated to urban GDP growth, wikte tonly
exception of density, which is puzzingly found tregatively associated to economic performance.

These analyses make a quite strong case for aveositd causative association between Smart Cligigs and
urban growth. It must be acknowledged, howevet, ttieconomic sphere could not be the only onéipely
affected by investing in such policies; a holigtfproach to the appraisal exercise here discuaseatjvocated
in castelnovo et al. (2016) could provide furthesight into the complex mechanisms at play.

3 The interested reader is referred to CaragliuReldBo (2015) for more details on this urban smestnmeasure, where it
has been first shown.

24 “Metropolitan regions are NUTS3 regions or a comkiovaof NUTS3 regions which represent all agglontierss of at
least 250 000 inhabitants. These agglomerationgwdentified using the Urban Audit's Functional drbArea (FUA).
Each agglomeration is represented by at least ob@ 3B region. If in an adjacent NUTS3 region morantts0% of the
population also lives within this agglomerationistincluded in the mettrdEUROSTAT, 2013).

% New Member States in this case include all Coestaiccessing the EU from 2004 onwards.
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Dependent variable Metro area GDP growth rate, 2Q08.3
Model 1) (2) (3) (4) (5)

0.08***  0.10**=*  0.24*=  0.09* 0.02
(0.00) (0.00) (0.02) (0.04) (0.03)
-0.02%**  -0.02***  -0.03*** -0.04*** -0.01
(0.00) (0.00) (0.00) (0.00) (0.00)
Intensity of Smart City ~ 0.11***  0.23***  0.22***  0.24**  0.16***
Policies (0.00) (0.00) (0.00) (0.06) (0.06)
-0.01***  -0.01*** -0.01**  -0.01***
(0.00) (0.00) (0.00) (0.00)
0.03**  0.02**  (0.02***
(0.00) (0.00) (0.00)
0.04*+* .04+

(0.01) (0.01)

Constant term

Initial per capita GDP

Population density -
R&D expenditure -

Quality of local institutions - -

Dummy New Member i i i i 0.05***
States (0.01)
Number of obs. 309 309 309 309 309
R? 0.26 0.28 0.28 0.29 0.32
Joint F test 51.42%* 30.94** 46.43** 40.32*** 5@52***
Estimation method v v \% v v
Variable insturmented Intensity of Smart City P&

Urban smartness; dummy, equal to 1 if the cithes t
Instruments used Country capital
Underidentification test
(Kleibergen-Paap rk LM 46.13*** 34.17** 34.03** 30.65** 21.41**
statistic)
Weak identification test
(Cragg-Donald Wald F~ 50.47** 33.23** 32.61** 31.11** 19.12%*
statistic)
Hansen J statistic
(overidentification test of 19.24***  6,33** 2.41 0.36 0.48
all instruments)

Note: heteroskedastic-robust standard errors indiets.
* ** and *** indicate significance at the 90%, 95, and 99%, respectively.

6. Conclusions and policy implications
This paper entered the growing debate on the ecieniompact of Smart City policies. Our contributioffers
for the first time to our knowledge an empiricab@ssment of this impact. Our empirical exercise @saew
data set covering a wide range of urban charatitsriand merging information from EUROSTAT’s Urban
Audit and regional quality of institutions data.set

Our findings provide strong evidence of a positassociation between investing in Smart City poicéed
Urban GDP growth. Moreover, our empirical estimaieggest that this association is causal, or,harovords,
Smart City policies foster economic performancasttuling out reverse causality.

Given the remarkable amount of richly-funded prtgean this topic, this assessment exercise is @npaunt
importance for policymakers at all spatial scalést, several questions remain unanswered and a eruafb
details could be improved.
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First of all, the existence of a direct link betwe®gmart urban features, and the possible synestgcthhey may
play in stimulating economic growth, is yet to mspected. Ideally, this exercise would require &ntme

spans in the data, in order to uncover possiblg tan effects that the data base collected forghjger cannot
capture.

Secondly, our dependent variable is measured atyaspecific point in time, which in Europe markeé most
relevant economic downturn since 1929 (Capelld.€2Cd5). Thus, our findings would need to be cbomted
on a different frame, closer to a situation of Idegm equilibrium. Presently, our findings suggénstt Smart
City policies can play an important role in abatirisis effects, but their long run effect stillllsafor further
empirical research.

Lastly, a sound conceptual classification of erigtemart City policies could also be beneficiabgently, these
policies comprise a wide range of measures, badtiadly and sectorally heterogeneous. A rigorousesy of
their extent, main purpose and economic rationaeldvoffer a great deal of information for thoseenested in
identifying their real effect.

From a policy perspective, the existence of sdiergividence on the impact of Smart city policiesgld not be
underestimated and would ideally elicit a procdsmanitoring of the diffusion and intensity of tleepolicies in
European cities. The current panorama of Smart @ilcies is scattered in terms of responsibilityda
effectiveness, and a better coordination at theasmgional scale could maximise the impact of thedeies,
avoiding overlappings and inefficiencies.
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Technical Appendix

Componentl  Component 2 Component 3 Component 4
Students in tertiary education
(ISCE.D 5-.6) living in Urban -0.08 0.81 0.55 019
Audit cities - number of
students per 1000 inhabitants
Proportion of employment in
financial intermediation 0.70 0.16 0.10 0.69
business activities
Proportion of employment
public administration health -0.42 -0.41 0.69 0.42
education
Number of companies with
headquarters in the city quoted 0.57 -0.38 0.46 -0.56
on the national stock market
Eigenvalue 1.34 1.02 1.00 0.65
Difference 0.32 0.02 0.35 na
Proportion 0.33 0.25 0.25 0.16
Cumulative 0.33 0.59 0.84 1.00
Table Al. Results of PCA for the human capital component
Componentl  Component 2 Component 3  Component 4
Car thefts per 1,000 pop. 0.58 0.08 -0.17 -0.79
Burglaries per 1,000 pop. 0.53 -0.33 -0.60 0.49
Crimes per 1,000 pop. 0.52 -0.31 0.78 0.18
Number pf elected city 0.33 0.89 0.06 0.32
representatives
Eigenvalue 1.74 0.95 0.70 0.61
Difference 0.79 0.25 0.09 na
Proportion 0.43 0.24 0.18 0.15
Cumulative 0.43 0.67 0.85 1.00

Table A2. Results of PCA for the social capital component
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Componentl  Component 2 Component 3  Component 4
Length of _ publ!c transport 0.69 0.04 0.03 0.72
network per inhabitant
Share of restricted bus lanes 5, 0.62 0.66 0.27
from public transport network
Number of buses (or bus
equivalents) operating in the 0.07 0.76 -0.64 -0.09
public transport per 1,000 pop
Number of stops of public 0.64 021 0.39 -0.63
transport per 1,000 pop.
Eigenvalue 1.29 1.07 0.90 0.74
Difference 0.21 0.17 0.16 na
Proportion 0.32 0.27 0.22 0.18
Cumulative 0.32 0.59 0.82 1.00

Table A3. Results of PCA for thetransport infrastructure component

Componentl ~ Component 2 Component 3 Component 4
_Percentage of families with 013 0.99 001 -0.03
internet access at home
Number of local units
producing ICT products 0.52 0.06 0.83 0.18
Number of local units
producing ICT-related services 0.61 0.05 0.22 -0.76
Numbgr of local units 0.58 0.10 051 0.62
producing web content
Eigenvalue 2.13 0.98 0.58 0.30
Difference 1.15 0.40 0.28 na
Proportion 0.53 0.25 0.14 0.08
Cumulative 0.53 0.78 0.92 1.00

Table A4. Results of PCA for the |CTs component
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Componentl  Component 2 Component 3  Component 4

Proportion of solid waste

arising within the boundary 0.31 0.61 -0.62 0.38
processed by recycling
Proportion of the area in green 0.09 0.64 0.75 011
space
Annual average concentration
of PM10 0.59 -0.46 0.23 0.63
Annual average concentration 0.74 0.03 -0.01 0.67
of NO2
Eigenvalue 1.35 1.25 0.82 0.58
Difference 0.10 0.43 0.24 na
Proportion 0.34 0.31 0.21 0.14
Cumulative 0.34 0.65 0.86 1.00

Table A5. Results of PCA for the natural resour ces component

Componentl  Component 2 Component 3 Component 4

% of internet users who
interacted via internet with the
public authorities in the last 12 0.19 0.68 0.70 0.00
months

% of internet users who sent
filled forms to public
authorities in the last 12 months

0.08 0.72 -0.68 0.03

Number of administrative
forms available for download 0.69 0.07
from official web site

0.12 -0.71

Number of administrative
forms which can be submitted 0.69 0.04 0.15 0.70

electronically

Eigenvalue 1.94 1.34 0.61 0.11
Difference 0.61 0.72 0.50 na

Proportion 0.49 0.33 0.15 0.03
Cumulative 0.49 0.82 0.97 1.00

Table A6. Results of PCA for the e-gover nment component
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