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1 ABSTRACT

The level of interest in smart cities has been grgwduring these last years. The academic litegatur
(Hollands, 2008; Caragliu et al., 2009, Nijkampaét 2011 and Lombardi et al., 2012) has identifeed
number of factors that characterise a city as snsarth as economic development, business-friendly,
environmental sustainability, social innovationfoimation and knowledge process, and human analsoci
capital. Thus, the smartness concept is striatligelil to urban efficiency in a multifaceted way adlwas to
citizens’ wellbeing through the use of appropriégehnologies. Instead, from a “political perspestiv
smartness is mainly related to the ability of usi@ as instrument to strengthen economic growth. A
research by Giffinger et al. (2007) to support Pean policy has defined the concept of smart aityhe
basis of several intangible indicators (such amarseconomy, smart mobility, smart environmentagm
people, smart living, and smart governance) andbem®me a benchmark for European policy makers
(European Parliament’s Committee on Industry, Reteand Energy, 2014). Following this influential
research, the aim of our paper is to verify how Imtiat smartness definition can influence the efficy

and indirectly the growth of the cities. Using ttancept of output maximising, we built a stochaktatier
function in terms of urban productivity and/or umbafficiency by assessing the economic distance tha
separates cities from that frontier. Our conclusibdighlight that not all the six indicators defingdthe
Giffinger et al. (2007)" analysis contribute toestgth the city efficiency.

2 INTRODUCTION

With half of the world’s current population livinig cities, the urbanisation process is still preésamall
countries. At the beginning of the 20th centuryiesiwith 8 or 10 million inhabitants were unimaajote, as
well as unmanageable. Sociologists and urban ptarbedieved that the growth of cities should beitkoh
and alternative solutions should be offered. THegmtheses, however, have been overridden by yesit
city populations continue to increase. More regergbme scholars, such as Sassen (2004), emphiasise
phenomena of the irreversibility of a city’s growdnd of the centrality of cities as the engine of
development. Nonetheless, there are negative aspegarding cities. First, they consume approximate
80% of the energy produced in a country. Secondy ttepresent the place where the majority of
communication occurs. Third, they are the primawyree of pollution. For all of these reasons, mgkin
cities more liveable and more efficient is rapibgcoming the most important, and no-longer postplena
objective of policy makers.

In recent years transforming cities into “smartesit has emerged as the main way to achieve thietta
From the academic point of view, the smart cityigrois not so recent and can be subdivided intorhvam
streams. The first one is based on the debate aftSBnowth and new Urbanism Movements. Even ifehes
two movements are characterized by some differertibeg present a common aim: the opposition torurba
sprawl. These movements in fact consider thatscgieuld be more compact, walkable, mixed-usessitra
friendly and finally should create a range of hagsopportunities and choices (Knaap and Talen, 2005
Bohl, 2000; Burchell et al., 2000; Gibbs et al.132D The second is based on innovation as the erigin
development with economic, social and environmesiigtainability as targets to aim for. These targee
strongly intertwined with human capital and edumat- or, following Florida (2002), with the creaticlass

— in the urban context, as pointed out by Berry @takser (2005, 2006) who show that innovatiorriged

by industries and products that require an incngdgimore skilled labour force. Following this li@aragliu

et al. (2009) and Nijkamp et al. (2011) include lanmand social relations, intellectual capital, tireaind
governance concepts within a triple helix modekkgtvitz and Lydesdorff, 2000). In their perpectitiee
city is called "smart" when:

“Investments in human and social capital and trawis (transport) and modern (ICT) communication
infrastructure fuel sustainable economic growth arnigh quality of life, with a wise managemennafural
resources, through participatory governance” (Qaragg al., 2009, p.6). “Furthermore, cities carctrae
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“smart” if universities and industry support goverent's investment in the development of such
infrastructures” (Nijkamp et al., 2011, p.3).

In line with this literature, Kanter and Litow (280define smart cities only the cities that cretie
necessary conditions of governance, infrastructane, technology to produce social innovation. Iheot
words, smart cities can solve social problems edldab growth, inclusion and quality of life by idvimg
various local actors including citizens, businessesl associations. Moreover, Dirks and Keelingd@0
focus the attention on the way information and kisolge are produced, collected, and shared to thése
process of innovation. Regardless of the type ohroanication (financial, economic, social or cultyra
cities are increasingly active nodes of these gitda flows in addition to the physical flows.

Finally, more recently, Neirotti et al. (2014) pides a taxonomy of application domains of the srogyt
concept, namely: natural resources and energyspgoehand mobility, buildings, living, governmesind
economy and people.

From the political point of view, instead, the simeity concept was introduced within the SET (Sgat
Energy Technology) Plan by the European Union 092@ foster economic growth. The SET Plan indiate
that a smart city is a city or a large conglomethtg aims to improve energy efficiency by undertgkas
target the double level, i.e., 20/20/20, as deteechiby the EU. Moreover, the EU 2020 strategy (bee
Horizon 2014-2020 programme) has emphasized thiseg focusing especially on the use of ICT within
cities and assuming the definition developed by Uinéversity of Vienna and Ljubliana with the work o
Giffinger et al. (2007) (European Parliament, 2014)

“A smart city is a city well performing in six chasteristics, built on the ‘smart’ combination odemwments
and activities of self-decisive, independent andraveitizens”

This definition identifies six dimensions or chamatstics: economics, people, governance, mobility,
environment, and quality of life. They, in turnedroken down into 31 major factors and 74 indiatdhis
definition has allowed, for the first time, a cléisgtion of cities according to their level of srizess.

As shown, the smart city concept, first relateénergy saving and efficiency use issues, has beexiaped

to include different aspects such as the qualitifef the environment and so on. As a consequestoeyt

city has become more close to and, for some autdargirac, 2005; Herrschel, 2013), has joined with
smart growth concept. In the urban planning delsat®rt growth is mainly related to urban sprawl asd
negative impacts on physical form and on urban Hesides, the concept of smart city means even the
possibility of creating an urban context identitfy ppotecting natural contexts, reducing the car, asel
supporting the urban “mixity”.

The smart city concept, however, is not generalyepted as a new urban economic paradigm becaose so
authors (Hollands, 2008; Greenfield, 2013; Sédamstet al., 2014; Vanolo, 2014) consider this cohesp
empty and ambiguous based more on an imaginarydesodirsive level. In other words, the underlying
thought is the risk within the smart city vision @fducing the democratic process the specific msfin
favour of a well-organized and ordered city.

Despite the variety of specifications, features pnos and cons defining a smart city, the Giffingeml.
(2007) definition has become the main benchmatkepolitical level. Given that the European Unias
considered the “smart city” as one of its main giek for the 2014-2020 programming period, the reént
issue is to understand whether this definitiondeerent with the EU’s goal, which consists in impng
growth (namely GDP) of the European cities.

In order to answer that question, the aim of oyrepas to verify the robustness of the Giffingeakt(2007)
smartness indicators in explaining city efficieranyd city growth using the same sample of Europé#esc
from Eurostat Urban Audit dataset. Applying thechistic frontier approach (SFA), we can estimate a
production function distinguishing between prodoetinputs and inefficiency factors and hence wereak

the European cities using technical inefficienclues.

3 THE METHODOLOGY

As we have already emphasised, cities as well astdes must face the challenge of improving their
performance. In other words, cities must becomeenafficient. According to the neoclassical economic
theory, two agents having the same informationhenproduction function could maximise their profirsd
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thus be efficient in an identical way. We apply Hagne hypothesis to those cities chosen by Giffisgal.
(2007).

In reality, however, two cities — even if identigal terms of “inputs” used — can produce only ailsim
output. In other words, two cities can be differbatause of unforeseen exogenous shocks and tlysiana
of efficiency through the SFA can allow explainiigse dissimilarities (Desli et al., 2002).

Traditionally, the empirical analysis of productidunctions has focused on the standard econometric
approach based on the OLS model that incorporatemdom error term that can take both positive and
negative values. However, a simple OLS regressarot sufficient for estimating the relationshigviseen
output and inputs, as described in Feld et al. 4/2@@cause of the impossibility to measure theadist of
each unit of analysis from the efficient fronti@r fa given production function. Consequently, icerg
years, several new econometric techniques have tbeegioped to estimate the frontier of a production
function that better corresponds to the economisigmretical definition (Kalirajan and Shand, 199%&d
Kumbhakar and Knox-Lovell, 2000).

To estimate a production function frontier, eitlparametric or nonparametric techniques, can beeappl
(Coelli et al., 1998). The parametric model SFA s#wd firstly developed by Aigner et al. (1977) and
Meeusen and van den Broeck (1977), allows to djsigh between production inputs and inefficiency
factors and to disentangle distances from theieffidrontier between those due to systematic corepts
and those due to noise. Through the systematic aoemt, that is an additional error term, exogenous
shocks beyond the control of cities are capturettachnical inefficiencyis estimated.

This estimation is based on a single stage maxitikeithood approach in which exogenous variablesewe
incorporated directly into the inefficiency errasroponent as developed first by Kumbhakar et al91)9
The subsequent development is the Battese andi@»895) model where the allocative efficiency is
imposed, the first-order profit maximising condit®oremoved, and panel data are permitted.

Following this last model, the production functicem be expressed as:
Yie = X8+ (Vie - Uy) i=1,...,N, t=1,...,T(2)

whereY; is (the logarithm of) the production of tiwh city in thet-th time period;x; is akx1l vector of
(transformations of the) input quantities of fikia city in thet-th time period;3 is a vector of unknown
parameters. The unobserved random noise is compdsetirst component;, which are random variables
following the assumption of normally distributedragr terms [iid N(0,&”)], and a second independent
component to capture the effects of technical icieificy defined asi, which are non-negative random
variables assumed to be independently distributecuacated normal N, o) distribution.

The mean of this truncated normal distribution ifuction of systematic variables that can influetice
efficiency of a city:

My = 0+ &, (2)
wherez; is apx1 vector of variables that may have an effect enpfoduction function of a city andlis a
1xp vector of parameters to be estimated.

Following Battese and Corra (1977), the simultasemaximum likelihood estimation of the two equation
system is expressed in terms of the variance paeame’=d’\+d’, and y=d’/(d+ ) to provide
asymptotically efficient estimates. Hence, the ptace of the null hypothesis that the true valfi¢he
parameteryequals zero implies thaf,, the non-random component of the production famctesidual, is
zero.

The technical efficiency of thieth city in thet-th time period is given by:

! A number of comprehensive reviews of this literatare now available see, for example Coelli e{#998) and

Kumbhakar and Knox-Lovell (2000).

2 We follow the Farrel (1957) measure of a firm'§igdncy consisting of two components: technicadl atlocative.

The former reflects the ability of a firm to obtaimaximal output from a given set of inputs, whie fatter reflects the
ability of a firm to use the inputs in optimal payons given their respective prices. These carsiibns are
obviously true also at the country level considgtimat the aggregate output comes from the suratidmal producers.
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(=2z,0- git)
(3)
The technical inefficiency values oscillate betwdeand 1, being the latter the most favourable .clise

TE;<1 then the observable output is less than the rmanxi feasible output, meaning that the statistical u
Is not efficient.

TE =" "=e

4 THE EMPIRICAL MODEL

Using the 1995 Battese and Coelli’ specification am unbalanced panel dataset, we perform the 8FA t
analyse the efficiency of several European citizgata have been drawn from the Urban Audit dataket o
Eurostat. This dataset, however, presents sevatdhtions. Data are collected every three yeads many
variables have missing values. Even if there aversé waves of the survéydue to comparability we use
only three out of the six waves: 1999-2002, 2008&28nd 2007-2009. As regards the choice of cities,
select the same 70 European cities considereceinatiking developed by Giffinger et al. (2007) (Sable

in Appendix).

The production of each city is measured by the pi@®®P in PPS of NUTS 3 region (in eurd)( and, as
usual, is assumed to be a function of three ingaltgsical capitall;), labour ;) and human capitaH).
Typically, the value of the physical capital showldmprise buildings (dwellings, warehouses and rothe
buildings), transport equipment and other machirzry equipment. Because a city is not a firm, a8sgs
city’s physical capital is a challenge especiallgew data are lackifigThe only thing to do is to use as
proxy two available variables: i) houses, measimgethe number of dwellings, and ii) transport, meed

by the length of the public transport network (Rnfhe second input, labour variable, is represehyethe
number of employees. As regards the third inputdmu capital is measured by the number of studertsd(
15-64) with ISCED level 3 or 4.

By assuming that the production function takes Ithge - linear homogeneous Cobb-Douglas form, our
stochastic frontier production model is specified@lows:

In(Y/L),=p,+ ,Blln(deelling/L)it + B,In(Ktransport,,, /L)it +B,In(H/L), +v, -u, @)
where the dependent variable is the value of tllm@uic performance of theh city at timet (i=1,...,N;
t=1,...,T) divided by a scale variable (labour force) to o@m potential problems of heteroskedasticity,
multicollinearity and output measurement (Hay anudi, L1997). As independent variables, we put
Kdwelling/LandKtransport_net/Las per-worker physical capital of thth city at timet, andH/L as human
capital measured by per-worker education leveésidential people of theh city at timet.

According to the SFA, the systematic component robreincludes exogenous factors that can influence
city’s efficiency. These factors are captured ly simartness measured by Giffinggral. (2007) indictors,
as shown in the following equation:

Uy = VO + VlsmartEconomyit + VZSmartPeopleit + VBSmartGovernunceit + V4smartMobilityit
26
+ VSSmartEnvironmentit + V6smartLivingit + Z chountrydummy + ‘c‘it
k=7

®)

where Smart_Economy Smart_People Smart_Governange Smart_Mobility, Smart_Environmeptand
Smart_Living are the Giffingeret al (2007)" indicators that jointly describe a city a smart city. On this
basis researchers have ranked the 70 Europeanmsiiad cities. The main criticism to the Giffingaral.
(2007)" analysis is based on the combined use t&# daboth national and local level and on the ofix
timing of the different components of the six iratiars. Moreover, the methodology to aggregateaaliors

% The first three waves of the survey (1989-1993419998, 1999-2002) can be considered as a “pist'the first full-
scale European Urban Audit took place in 2003ferthen 15 countries of the European Union.

“ Because the very recent literature on smart citiesot well developed, there is not an acceptedsume of city
physical capital. A first attempt to measure thigut was conducted by the Economist Intelligencé (2012). Even if
we are aware that this report is not academicatitbors follow a very similar method to our assuompt Another
method to estimate capital stock of city productifumction is based on investments as in Segal (19@6t
unfortunately urban audit dataset does not incthidetype of data.

®> We have been obliged to use this proxy becausdaifk of “length of road” variable in the Urbandiudataset.

4 0 SMART ME UP!




Luigi Mundula, Sabrina Auci

into six indicators is too simgleand it does not consider heterogeneity among@scitHowever, the
European Union considers this approach the mostaet benchmark for defining a smatrt city.

Finally, to analyse a recent issue that emergad@mew economic geography literature that asseatsa
city belonging to a well-developed area can perfbatier than a city belonging to a less developed,ave
have introducedn1 country dummies to capture the effect of citgsographical localisation and the
heterogeneity among cities. A country in northemnrdpe should influence positively city’s economic
performance, and thus, technical inefficiency stidad less with respect to other cities in othemtoes. In
other words, the gap from the optimal stochastotier of this kind of city should not be very wide

5 DESCRIPTIVE EVIDENCE AND RESULTS

Results of the stochastic frontier estimations reorted in Table 1. In the first and second motted,
estimated results exclude the variable “lengthh&f transport net” but include country dummies fas i
column 2). In the third and fourth model, insteties length of the transport net is included, andthhe
missing value problem drastically reduces the otagEms. Cities considered are reduced to onlyifidsdn
model 1 and 2 and to only 39 cities for model 3 4nbh the Appendix, we report the differenceseinms of
cities considered, among our estimation datase¢sUrban Audit dataset and the Giffinger et al.020
dataset.

Subdividing cities according to the country to whibe city belongs, only Germany presents 6 citiehe
sample, while other countries show a lesser nurobeities and some others are considered becauise of
presence of only one city. The missing data prolikem quite serious one when the Urban Audit datase
used and can create some comparability problems@foropean cities. On the basis of the Giffingeale
(2007) smart indicators, the Scandinavian citieshaghly ranked, while Germany and the United Kiogd
are, more or less, in the middle of the classifcat

Considering that, in all the specifications, weectjthe null hypothesis of the insignificance oé thon-
negative error componenf){ we conclude that the SFA is a good model toysaaihe effect of smart city’s
indicators on cities’ economic performances. Theapeter §), meaning that a proportion of the total
variance is due to inefficiency effects, is sigraft at the 1% level in all estimations, and vabiesveen
0.48 and 0.80. This indicates that from 48% to 80Pthe total variance of the model is explained by
inefficiency effects.

As to the estimated results, they are mixed. Theuymtion functions in all models show that physizagpital
measured by dwellings has always a positive andifgignt sign, while physical capital measured bg t
length of the transport net has a negative, albsignificant, sign. Human capital has again a tiegdut
insignificant (on three of the four models) co&fitt sign. These results should be taken carefluyto the
relevance of the missing data problem within th&skt as underlined by the number of observations.

When we observe the signs of the smart city’s s in the first model, we note that only Smagote
and Smart Environment show negative signs, thuigatidg that both variables have a positive effatt
efficiency and, hence, a negative impact on inigfficy. The other smart indicators show a vice veftect
in that they increase inefficiency and decreaseieffcy. However, we must emphasise that the sigasot
robust to the inclusion of other variables and thatsignificance of the coefficients is drastigatduced in
the other model considered in Table 1.

To deepen our analysis, we have estimated techinefficiencies for each city, using the modelsald®d
in column (2) and in column (4). In both tables, n@port the technical inefficiency values of Eurapeities
for three separate years - 2000, 2004 and 200&hwkpresent the three different waves of the suniée
then rank the European cities according to the levimefficiency reached in 2004.

The results confirm that the inefficient cities #nese belonging to the eastern European counbiggshey

do not confirm that the Scandinavian cities are riust efficient. Enhancing the Giffinger et al. (Z¥
analysis, a city belonging to a well-developed &edt performing country such as Germany or UK can
perform better than a city that belongs the otloentries.

To understand and emphasise the differences beteecompare our European city rankings with that of
Giffinger et al. (2007) (see Table 4). In particuleur comparison is based on the rankings resuftiom

® They aggregate additively the factors dividedt® number of values added.
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model 4 for the year 2004 where only 36 citiescanesidered. The comparison highlights the gaphénlast
column, between the resulting relative positionghaf 36 cities. For 13 out of 36 cities, the gamas
relevant (less than 3 positions), thus suggestiat) the two rankings provide similar results, wHie the
rest of the cities, the gap increases quickly,izera spread of 22 positions in the worst case tfie city of
Aalborg in Denmark).

dependent variable: gdp/L 1 2 3 4
Const po 10.66*** 10.82%** 10.16*** 10.58***
t 83.00 81.34 20.80 9.85
K dwelling/L p1 0.57*+* 0.51%+* 0.62*** 0.51 %+
t 4.41 4.13 4.15 3.45
K_transport net/L B2 -0.11* -0.13
t -1.73 -1.31
H/L B3 -0.14** -0.06 -0.08 0.16
t -2.44 -1.06 -0.60 0.79
consty0 -3.86%** -0.91 -3.98*** -2.22%%*
t -11.13 -0.92 -5.85 -2.76
Smart Economy vy1 0.33*** 0.44*** 0.03 0.14
t 3.30 2.63 0.14 0.48
Smart People y2 -0.21** -0.17 -0.11 -0.07
t -2.43 -0.71 -0.83 -0.16
Smart Governancey3 0.36*** 0.41 -0.07 0.21
t 2.64 1.37 -0.40 0.55
Smart Mobility y4 0.47*** 0.15 0.66*** 0.58
t 3.89 0.45 3.67 1.52
Smart Environmenty5 -0.01 0.08 -0.01 -0.14
t -0.24 0.58 -0.09 -0.57
Smart Living y6 0.22 -0.33 0.70** 0.19
t 1.08 -1.02 1.96 0.30
Number of cities 54 54 39 39
Observations 101 101 69 69
Sigma squared 0.09*** 0.04*** 0.09%** 0.06
t 4.76 3.09 3.75 1.57
Gamma 0.59*** 0.48*** 0.65*** 0.80**
t 5.96 3.33 5.98 2.37
Log likelihood -1.79 32.65 -1.35 9.28
Table 1: SFA models with GDP per-capita as the deget variable. Note: * significant at 10%; ** sifjoant at 5%; *** significant
at 1%

6 CONCLUSION

In this paper, we analyse how a number of Europééas face the challenge to be smart accordinipe¢o
political point of view. Using the definition of artness developed by Giffinger et al. (2007), thheoBean
Union policy considers cities as the main engingroivth in the next future. Thus improving the @#ncy
of a city represents the best target to be aimegrghasized in the EU 2020 strategy.

In the study of Giffinger et al. (2007), a city ¢duoe considered as smart on the basis of sevegaigible
indicators. Drawing on this influential work, oumais to verify if the Giffinger et al. (2007)’ sigmartness
indicators are essential in explaining the efficieand indirectly the growth of the same sampl&ufopean
cities. In particular, using data of the Urban Auglirostat dataset and the six indicators thatljoarescribe
a smart city, we analyse the relationship betwesma@mic performance, measured in terms of GDP tlaend

0 j SMART ME UP!



Luigi Mundula, Sabrina Auci

efficiency of these European cities through thdficiency term. Applying the SFA approach, resdtow
that only Smart-People and Smart-Environment haoagtige effects on efficiency, while the other smar
indicators increase the city’s inefficiency.

Liepaja Lv 33 33 0
Nijmegen NL 8 8 0
Enschede NL 12 12 0
Joenkoeping SE 11 11 0
Ruse BG 36 35 1
Pleven BG 35 36 1
Pecs HU 32 31 1
Kaunas LT 31 30 1
Groningen NL 9 10 1
Nitra SK 27 28 1
Banska Bystrica SK 30 29 1
Miskolc HU 34 32 2
Kosice SK 29 27 2
Eindhoven NL 7 4 3
Magdeburg DE 19 15 4
Kiel DE 20 14 6
Ljubljana Sl 10 17 7
Goettingen DE 13 5 8
Oviedo ES 28 20 8
Umeaa SE 14 22 8
Maribor Sl 17 26 9
Tartu EE 24 34 10
Valladolid ES 26 16 10
Erfurt DE 18 7 11
Pamplona ES 25 13 12
Trier DE 16 3 13
Regensburg DE 15 1 14
Aberdeen UK 23 9 14
Tampere Fl 5 21 16
Portsmouth UK 22 6 16
Aarhus DK 1 18 17
Turku Fl 2 19 17
Oulu Fl 6 23 17
Leicester UK 21 2 19
Odense DK 4 24 20
Aalborg DK 3 25 22

Table 4: Comparison between the two European aitings

Ranking the European cities according to the l@fehefficiency reached in 2004, we highlight saler
differences with the study of Giffinger et al. (200This allows us to compare different charactessand

to identify strengths and weaknesses of mediundsizties. Among the most efficient European cities,
find some German and United Kingdom cities, whiile inefficient cities are mainly located in theteas
European countries. A city belonging to a well-deped and best performing country can perform bette
than a city that belongs to the others EuropeantcpuComparing our European city ranking positiarith
that of Giffinger et al. (2007), we find that mooe less one third of the sample seems to confiren th
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previous ranking while for the rest of the citibg fposition gap is quite relevant, suggesting doainates
dissimilarities between the two rankings.

In conclusion, we may underline that Giffinger &t (@007)’ smart city definition is not able to dam
cities’ efficiency and thus economic growth pathkerefore, European policy makers should eitherause
different structure of indicators to foster urbdficeency and indirectly city’s growth or draw ondifferent
final target as output, i.e. European Commissiasukhchange its objectives from GDP or value adibed
well-being, happiness or quality of life. Thesefeliént outputs are more completed and are moretlgtri
related to the idea of urban performance. This me@amore complex target where a city is smartdf amy

if it is able to be a focus for skilled labour ferdCT firms, honour students, tourists and to enmnt
policies for ameliorating the business environmesducing pollution, facilitating the developmeiitsocial
capital, and so on.

7 ACKNOWLEDGEMENTS

This study is supported by the MIUR (Ministry of igdtion, Universities and Research [ltaly]) throwgh
project entitled Governing tHe smart city: a gOwree-centred approach to SmarT urbanism — GHOST
(Project code:RBSI14FDPF; CUP Code: F2211500007pf0&8nced with the SIR (Scientific Independence
of young Researchers) programme. We authorize thidRMto reproduce and distribute reprints for
Governmental purposes notwithstanding any copyrigbtation thereon. Any opinions, findings and
conclusions or recommendations expressed in thterrahare those of the authors and do not nea@ssar
reflect the views of the MIUR.

8 REFERENCES

Aigner D.J., Lovell C.A.K. and Schmidt P., “Formutat and Estimation of Stochastic Frontier Produtfanction Models”,
Journal of Econometrics, 6, pp. 21-37, 1977.

Audirac 1., “Information Technology and Urban For@hallenges to Smart Growth”, International Regid®knce Review, 28, 2,
pp. 119-145, 2005.

Battese G.E. and Coelli T.J., “A model for technicalfficiency effects in a Stochastic Frontier Rrotion Function for panel data”,
Empirical Economics, 20, pp. 325-332, 1995.

Battese G.E. and Corra G.S., “Estimation of a pridadrontier model: with application to the pastbzone of Eastern Australia”,
Australian Journal of Agriculture Economics, 21, pf9-179, 1977.

Berry C. R. and Glaeser E.L., “The divergence of hunapital levels across cities”, Papers in Regi@uince, 84(3), pp. 407-
444, 2005.

Berry C. R. and Glaeser E.L., “Why are smart placéingesmarter?”, Taubman Cente Policy Brief 2006-2n8adge MA:
Taubman Centre, 2006.

Bohl C.C., New urbanism and the city: Potential aggtlons and implications for distressed inner-nigyghborhoods. Housing
Policy Debate 11, pp. 761-801, 2000.

Burchell, R., Listokin D., and Galley C.C., Smart growitess than a ghost of urban policy past, less ¢iaold new horizon.
Housing Policy Debate 44, pp. 821-79, 2000.

Caragliu A., Del Bo C. & Nijkamp P., “Smart citiesturope”. Series Research Memoranda 0048. Available a
http://ideas.repec.org/p/dgr/ivuarem/2009-48.htQR

Coelli T., Rao D. S. and Battese G., “An IntroductiorEfficiency and Productivity Analysis”, Kluwer,ondon, 1998.

Desli E., Ray S.C. and Kumbhakar S.C., “A Dynamic B&stic Frontier Production Model with Time-Varyiggficiency”,
University of Connecticut, Working Paper Series, 2003-2015, 2002.

Dirks S., Keeling M., “A vision of smarter citiedow cities can lead the way into a prosperous asthiable future”, IBM
Institute for Business Value. Available at httpww-03.ibm.com/press/attachments/IBV_Smarter_CitieSinal.pdf,
20009.

Economist Intelligence Unit, “Hot spots. Benchmagkglobal city competitiveness”, The Economist Iligeince Unit Limited,
2012.

Etzkowitz H., Leydesdorff L., The dynamics of inrmdon: from National Systems and “Mode 2" to a Teiplelix of university—
industry—government relations, Research Policy: ¥8] No. 2, pp. 109-123, 2000.

European Commission, Investing in the low carbohnetgies (SET-Plan), COM (2009) 519 final, 2009.

European Parliament Committee on Industry, ReseanglEaergy — Directorate General for internal pebci‘Mapping Smart
Cities in EU", http://www.europarl.europa.eu/studi2814.

Farrel M.J., The measurement of productive efficierdournal of the Royal Statistical Society, SeAe€XX, Part 3, pp. 253-290,
1957.

Feld L.P., Kirchgassner G. and Schaltegger C.Asc¢#iFederalism and Economic Performance: Evidéooe Swiss Cantons”,
Philipps-Universitat Marburg, 20/2004, 2004.

Florida R. The rise of the creative class: and h&atiansforming work, leisure, community and eday life, New York City, New
York, Basic Books 2002.

Gibbs D., Krueger R. and MacLeod G., “Grappling wtmart City Politics in an Era of Market Triumphaiis 50(11), pp. 2151—
2157, 2013.

Giffinger R., Fertner C., Kramar H., Kalasek R., Peckllilanovic N., Meijers E., “Smart cities. Ranking of Europeaedium-sized
cities”, Centre of Regional Science of Vienna. Avaliéaat http://www.smart-cities.eu/, 2007.

E may REAL CORP 2016:
et SMART ME UP!



Luigi Mundula, Sabrina Auci

Giffinger R. and HaindImaier G., “Smart cities ramid an effective instrument for the positioningtod cities?”, ACE: Architecture,
City and Environment, 4(12), pp. 7-26, 2010.

Greenfield A., Against the Smart City, New York, Bojects, 2013.

Hay D. and Liu G., The efficiency of firms: whaffdrence does competition make?, Economic Jout@dl, pp. 597-617, 1997.

Herrschel T., “Competitiveness and Sustainabilityn Gamart City Regionalism’ Square the Circle?”, Urt&tndies, 50(11), pp.
2332-2348, 2013

Hollands R., “Will the real smart city please stam? Intelligent, progressive or entrepreneuriaCity, 12, pp. 303-320, 2008.

Kalirajan K.P. and Shand R.T., “Frontier productfanctions and technical efficiency measures”, Jaliaf Economic Surveys, 13,
pp. 149-72, 1999.

Kanter R.M., Litow S.S., Informed and Interconnect&danifesto for Smarter Cities, Working Paper G2t1Harvard Business
School. Available at: http://www.hbs.edu/facultyffination%20Files/09-141.pdf, 2009.

Knaap G. and Talen E., “New Urbanism And Smart Ghov Few Words From The Academy”, International Regl Science
Review, 28(2), pp. 107-118, 2005.

Kumbhakar S.C., Knox-Lovell C.A., “Stochastic Fronthnalysis”, Cambridge University Press, Cambridd#)@

Kumbhakar S. C., Ghosh S., McGuckin J. T., “A Geliwed Production Frontier Approach for Estimatingterminants of
Inefficiency in U.S. Dairy Farms”. Journal of Buséseand Economic Statistics, 9, pp. 279-286, 1991.

Lombardi P, Giordano S., Farouh H. and Yousef Wgdelling the smart city performance”, Innovatioh€TEuropean Journal of
Social Science Research, 25(2), pp. 137-149, 2012.

Meeusen W., van den Broeck J., “Efficiency Estimafimm Cobb-Douglas Production Functions with Compdseor”,
International Economic Review, 18, pp. 435-44, 1977.

Neirotti P., De Marco A., Cagliano A.C., Mangano &d&corrano F., “Current trends in Smart City inities: Some stylised
facts”, Cities, 38, pp. 25-36, 2014

Nijkamp P., Lombardi P., Giordano S., Caragliu Ael Bo C., Deakin M., Kourtit K., An Advanced Tripteelix Network Model
for Smart Cities Performance, Research Memorandurh-2612011.

Sassen S., “Le citta nell’economia globale”, 1 Mal, 2004.

Segal D., “Are there returns to scale in city siz&&view of Economics e Statistics, 58, pp. 339;28¥6.

Soderstrom O., Paasche T. and Klauser F., “Sntaats @s corporate storytelling”, City, Analysis afddn Trends, Culture, Theory,
Policy, Action, 18(3), pp. 307-320, 2014.

Vanolo A., “Smartmentality: The Smart City as Diduipry Strategy”, Urban Study, 51(5), pp. 883-82814.

REAL CORP 2016 Proceedings/Tagungsband ISBN 978-3-9504173-0-2 (CD), 978-3-9504173-1-9r(pri m’
22-24 June 2016 — http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPQWH, Peter ZEILE, Pietro ELISEI, Clemens BEY



