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PREFACE

Manfred SCHRENK,

Conference Director,

Chairman CORP — Competence Center of Urban anddrRagPlanning

WELCOME to REAL CORP 2014,

the 19" International Conference on Urban Planning,
Regional Development, Information Society and
Urban/Transport/Environmental Technologies!

“Smart Cities” has become a widely used term fa itmplementation of information and
communication technologies (ICT) into the processkgities and the built environment,
aiming to improve the integration of the physicasets as well as social and environmental
capital. Fired by several rankings there seem®ta tompetition for the title of the “Smartest
City”.

This kind of hype raises a lot of questions thaRREEORP 2014 will deal with. Can we plan
it smart and find clever solutions for smart cities

During the three conference days we will go dedptp the subject of smart cities and
smartness and exchange our knowledge on curreisstspch as:

* What does “Smart City” mean in terms of qualifylife?

* How does it influence the economic perspectives?

* Are the concepts of sustainability and resiliepag of “Smart Cities”?

* What about politics and administration, policéesl governance?

* How do “Smart Solutions” influence the “hardward’a city, the urban fabric?

* Last but not least: what is the role of urbantisp@lanning in and for “Smart Cities”?

Our conference takes place at a site with longhdsdl background: People started to settle
down in today’s Vienna area from the Neolithic dater the spot was used to erect the
Roman fortress Vindobona. The history of Viennaedaome thousand years back, and in its
history the city has faced lots of changes andlehgés. For sure this is going to continue in
the future as cities have always been places afigshannovation and competence. We are
still facing the effects of economic crisis and mave to deal with environmental issues more
than ever before; handling these challenges ahdbsing able to improve our cities and find
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strategies to point out their extraordinary oppuoitias as centres of interest will confront us
with many different views — but which of these v&eean be considered smart and why?

Therefore, it will be a pleasure to discuss witheagues from all over the world how we can
make use of today’s tools and technologies to imgmplanning for our cities and for the
people who live there to improve their quality i |

REAL CORP 2014 in Vienna lets us compare and ptediffierent approaches to smartness
including theory and practical examples from alhtboents — we are happy to welcome
around 300 participants from over 50 countries dwidle. 140 presentations and more than
1,000 pages in the proceedings clearly show treetls plenty of room to discuss thoughts,
make new contacts, develop new ideas and initpteming projects.

Let me last but not least emphasize that the osgéion of this year’s conference took place
under truly difficult conditions, so | really watd say thank you especially to Clemens Beyer
and Christian Eizinger for their huge efforts ie fireparation of this event.

Welcome to the Smart City Vienna!
Have a great conference!

Manfred SCHRENK, Christian EIZINGER, Clemens BEYER
and the REAL CORP Team

o
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A Back Step before Proposing Smart Interventions. f&ing People Needs with Innovations
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(PhD Student in Land Engineering Anania Mereu, @rsita of Cagliari, via Marengo 2, ananiamereu@ gotaih)

1 ABSTRACT

Nowadays, one of the main subjects of city planignthe environmental impact cities’ transformatioto
smart cities, characterized by an innovative uséeofnologies and synergies’ development between th
public and the private sectors. The principal agtens the increase of the level of well-being émel quality

of life. It could pertain to different parts of tlodty, like suburbs and inner-city. Therefore iniscessary to
adapt technologies to environmental and architetheritage, in order to respect the sustainakplityciple.

In my PhD research | do a backward step trying ¢find a methodology to understand needs and
expectations of inner-city inhabitants and | applio a case study represented by the renewal dfi@@a
inner-city, with the objective to increase the desitial satisfaction degree of the inhabitantsppsing
smart interventions. The paper examines the diitgghases of the conducted study until now.

2 INTRODUCTION

In the present age, one of the issues that conplermners is represented by the ability to propose
interventions that fit people’s needs. This intemtfound its first affirmation in the sustainalyiliprinciple.
Indeed it is important that everybody, both presamt future generations, should have the possilbditise
the necessary energy supplies in order to achigwmd quality of life. Some planners’ work is lirk&o the
elaboration of methodologies that could be appl@define actions and plans with the purposes @jrea
mentioned. At this time, different aspects of petplife are being examined in order to pursue ghéii
level of life satisfaction. One of them is the desitial satisfaction related to house and to neighimood.

In this paper, my PhD research conducted until rsopresented. It has the objective to determinesthaa

of this sort, that involves the use of some siaibimodels, in particular the discrete choice nedand to
apply this technique to a case study. First of ialhas been necessary to outline numerous stepiseof
method for the purpose of creating a know-how tioaid be used to analyse well different situatidrigen,

the technique is applied to the renewal of Cagsiamner-city, in order to understand city-dwellers
satisfaction degree related to their house andectlo the historic neighbourhoods. Having achiethes
kind of knowledge allows planners to propose irgations, some of them innovative that are intent on
contributing to make the city smarter.

3 METHODOLOGY

The first step of research has been the definitiba methodology, taking the cue from some planning
processes and plans in general and from the nafudéscrete choice models. In succession its nuagero
steps are presented:

(1) Context analysis that consists of a territoaallysis, regarding either the city or the teryitan
particular, in the case study we are going to prieske attention is focused on the city, and itriportant to
consider several aspects such as the historictactinial aspect of urban morphology and the devedop
of the city;

(2) analysis of plans relative to the context exaadi so in the case study examined the analysieconthe
inner-city so it should be appropriate to considdran plans such as the Urban Town Plan (PUC -oPian
Urbanistico Comunale), the Detailed Inner-city PI@APCS — Piano Particolareggiato del Centro Sijyric
etc.; it is important to identify plans’ objectivaa order not to contradict them in the last phalseesearch

in which we are going to propose interventions;

(3) study of numerous econometric models and aisabfscases study related to the use of discredeceh
models, for the purpose established; this stepdcbal useful to understand which models are suitable
describe in the best way the situation we are denisig;

(4) experimental part that includes two steps: firg one is the definition of a method to find out
information and for instance, the technique couwdhprehend a questionnaire and a series of intesview
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addressed to people that live in the inner-citthat have interests in the considered contextsémend step
is represented by the gathering of information toieting a specific dataset;

(5) application of the statistical models and imtipalar discrete choice models (probit, logit ah@rs such
as tobit models) in order to obtain the data preicgs

(6) analysis of outcomes that will be different eeg@ing on the model used and on the goal of the
methodological application;

(7) proposal of interventions which will have tspect the goals of plans considered, and thesenacti
should be oriented to an improvement of the qualityfe.

4 CASE STUDY

The case study considered is represented by thewetrof Cagliari’'s inner-city. The methodology as
presented above, is applied starting with an aisabfghe history of Cagliari.

4.1 Context analysis

The Cagliari’'s site has been suitable for the dgwmlent of a city because it occupies an importasttion

for commercial purposes, being in the middle of Mediterranean Sea and because, about three thlisusan
of years ago, in this place essential resourcels agcsalt and minerals were plentiful. Hence, @aiglias
been characterized by numerous historic events iariths been dominated by different populations
(Colavitti, Usai, 2007). Both dominations and cleéeaistics of the territory influenced the city'suture.

In particular, the urban form was affected by d#f& architectural styles and by territory’s topaqgny. For
instance, during the domination by Phoenicians @acthaginians (between 700 B.C. and 250 B.C.) there
were: the neighbourhood of Castello enclosed byswal protect the city, the neighbourhood of Stacepa
where magistrates were located and it was charzeterby a temple and a port, the north-west
neighbourhood with its necropolis and with the agport for the wheat, the east neighbourhood ofaBia
with a necropolis and another port for the salbbRbly the first urban structure was fan-shapedh wi
principal road between the port, the square andititepolis, intersected with a road along the sed the
pond. The only part that could have had an orthabsinucture is the neighbourhood of Stampace ¢Rxén
1988). At about 1000 A.C. Cagliari’'s urban struetuvas similar to the current form, with the poratth
represented a sort of extention of the main neighimod of Castello. Cagliari had got a particulevan
shape, divided into four sectors, everyone wittefingd function and independent from the admintistea
and military points of view. Since 1800-1850 A.Cadliari was represented by four neighbourhoods:
Castello, Stampace, Marina, Villanova. These regmeshe present inner-city. The neighbourhood of
Castello represented the administrative centrehefdity and it had a spindle structure with numsrou
squares. It was organized by a road network withcjgral roads (rugae) that were longitudinal amdkeid
two towers (the Lion tower and the Saint Pancragetp and by alleys (traversae) that connected thim m
roads. The houses had numerous floors and the djftaor was used as warehouse. The neighbourhood of
Stampace rose up on a place characterized by &rdgpography so the roads are parallel to theeugf
Castello, determining tight e long blocks. The héigurhood of Marina have represented a sort of
continuation of Cagliari toward the sea (Romagnit®82) and together with Castello represented thie m
centre of the city. It arose in a very sloping aaed it is characterized by alleys and high ankt tigouses.
The neighbourhood of Villanova arose before 1250.4A4nd it is characterized by an irregular gridciure

of parcels with a principal road which was paraitethe eastern boundary of Castello. Since 1415 there
was an increase in the number of Cagliari’s intzattét. It caused an increment of construction dginsithe
neighbourhoods of Castello and Marina, where thkldings became higher and the streets similargbt ti
corridors (Alziator, 2007). The increment of thepptation and the necessity after the Second Wordd &
provide for an abode to everybody caused a disargdrlevelopment of the city structure. An incretrian
the urbanized surface occurred, occupying levetidaso the expansion suited the geomorphologic and
microclimatic conditions, with buildings arising the north-east part and in the east part of Caglience,
Cagliari’s structure can be considered as an upshat process of continuous adaptation to the ahtur
conditions of landscape (Colavitti, 2005). Nowada@me characteristics of housing heritage of @ai
inner-city are: numerous houses built before 19t@ses of lower quality than average quality in|@ag
caused by absence of facilities and services suchhemting system, conditioning system, etc.; high
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percentage of family units composed by one pengergentage of houses occupied by owners is higlaer t
the average percentage of Cagliari (Detailed PlaPegliari’s Inner-city, pp. 77,78).

4.2 General Cagliari’s inner-city plans objectives

In 1858 the architect Gaetano Cima elaborateditbelécal strategic plan of the city of Caglian, which

the importance of the inner-city was affirmed dus tplan wasn't applied (Malavasi, Zoppi, 1989)tekfthe

Il World War a chaotic expansion occurred becausadardments destroyed lots of houses and there was
the intention of giving people a house as soon @ssiple. The new plan was approved in 1938 and
according to what established by the urban low 5011942, it was changed in 1943. Numerous plans has
focused on the renewal of Cagliari’s inner-citytsBy, the strategic plan in 1962 introduced theemcity
protection (Malavasi, Zoppi, 1989). Secondly, arofblan, the “Piano Quadro” for the reclamationnofer-
city, that became the Detailed Plan of inner-dityncentrated the attention on the requalificatidris plan
had the objective to establish a link between variparts of the city, in order to incorporate theeir-city in

a united view and to preserve values of identitydétail, its goals are: permanence of currentdessie
(hoping for a better urban quality); constructidnnew houses after evaluation of accessibility cooms

and of the possibility to transform the buildingitege; incentive of presence of University studantthe
inner-city; regard of cultural and environmentaoerces; recovery interventions for some buildingsrder

to use them for new functions; amelioration of astructures; recovery of historical waterfront1899 the
Cagliari’s Urban Plan was approved and its mairecibje was limitation of residential expansion mder to
facilitate the recovery of existing building hegéa In particular, the objectives were: limitatiah
residential growth, requalification of inner-citpéhproposal of techniques that were economicalgifie to
make it. In 2006 another important plan was elaledrathe Regional Landscape Plan that puts thetiatte

on different categories such as the inner-city vaéimtres-of-ancient-and-first-formation categotylaid
emphasis on the use of traditional techniques aatknmls to preserve the image of Cagliari's intigy-
with the possibility to include technological inragions. All these plans permitted to delineate adible
interventions such as routine maintenance, emeygerantenance, restoration and conservative renewal
property renovation and completion (Detailed Plar€Cagliari's Inner-city). Considering all the obja@s
mentioned, we can affirm that the recovery candesiclered as a way to reintegrate in the inneraiban
functions, given that Cagliari’s inner city is chaterized by a lack of services.

4.3 Brief digression about some applications of econortre&e models

This research’s objective is the analysis of retidé satisfaction degree referred to house and to
neighbourhood. Hence, an useful step of this rebe@r the analysis of humerous cases study abdaut th
topic. Some researchers such as Francescato, Wasdesind Anderson, Amerigo and Aragones, considered
different dimensions of residential environment:feefive, cognitive and behavioural dimensions
(Francescato, Weidemann et Anderson, 1987; AmegtgAragones, 1999). Few scientists concentrated
their attention just on some of these dimensionsh sas Cooper that considered the affective dirensi
Moreover other researchers such as Ha and WebeteiGand Rees, defined the variables that influgnee
residential satisfaction considering different edems: socio-demographic characteristics of resgjent
objective characteristics of houses and relatigpsshith neighbours (Ha and Weber, 1991, CanterReek,
1982). Different types of variables are due to aedeers’ background. For instance, planners gdperal
consider environmental characteristics of housessices, environmental security and relationshipth w
neighbours, accessibility of functional areas i tbsidential area, as variables (Sam, Mohd Zaiad&tian,
2012). The residential satisfaction is seen asmaodstration that inhabitants’ needs are satisfred that
they live well in their houses. Different analysise also linked to different models used to proakss.
Indeed some scientists preferred using logit obiprommodels such as Lu, Atkinson, Fang, others facto
analysis and path analysis such as Temelova andakwa and Speare (Lu, 1999; Parkes et all, 2002;
Temelova et Dvorakova, 2012).

4.4 Experimental part

4.4.1 Elaboration of the guestionnaire

The analysis of the cases study mentioned aboveifped to take the cue from different kinds of aggmh
and to elaborate a questionnaire. It is orientedatds Cagliari’'s inner-city residents. Its basissvihe
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definition of residential satisfaction. Residengatisfaction is the measure of the difference betwcurrent
residential conditions of people and desired camulit The residential environment is defined asskou
neighbourhood and relationships with neighbourgettoer. The questionnaire is realized in orderefing

all variables that influence the residential sattbn and the degree of residential satisfacti®elfi Having
these data permits to apply econometric modelsdardo define quantitatively the influence of \anlies on
satisfaction degree and to understand causes séatdifaction and consequently propose interventions
According to some psychologists it is importantdiscern between housing satisfaction and neighlomarh
satisfaction so to use distinct questions, otherwespondents can’t unconsciously apply this dison;
hence, in the questionnaire there are differenstines for residential satisfaction related to oasd
related to neighbourhood in order to prevent mestakhen city-dwellers answer (Amerigo et Aragones,
1999; Lu, 1999). A Likert scale was used to defime satisfaction degree: 1. Not satisfied; 2. Aelibit
dissatisfied; 3. Indifferent; 4. Enough satisfi&d;Very satisfied. Hence, satisfaction degree iomered
variable. Some questions in the questionnaire ddmeaspondents’ and family unit’'s characteristicsleed

it is believed that respondent’s age, job, edupatfamily composition, have influence on satisfacti
degree. Age is an important variable because tlsege correspondence between life cycle’s stage and
expectations, whereas education and job can dffedtind of house in which people want to live. féhare

a lot of questions about interior housing charasties, such as surface, number of rooms, heajstes,
conditioning system, etc.. All these questions petmidentify a condition of comfort in the houaed to
understand if there is a correspondence betwesrsitiiation and a high satisfaction degree. Othestipns
check residents’ moves in the past or in the futamd they could be important to verify if a residen
expresses the real satisfaction degree or not.r@tnestions try to identify neighbourhood charastis,
facilities and problems in order to understandlithie between them and the satisfaction degree tdsvtre
neighbourhood and to propose useful interventiotiseaend of research.

4.4.2 Analysis through econometric models

This step consists in the implementation of son@emetric models, after having created a dataseyus
Stata software. In particular, an ordinal Logit mbdnd an ordinal Probit model are applied becdlise
dependent variable that is the residential satisiads an ordinal variable. Hence, two models viad
applied in order to have the possibility to comp#re outcomes. These kind of models we are going to
implement are characterized by a latent regressqoresented in succession:

yi* = B'Xi + i i=1,....... N

where yi* is the latent variable, not observedrefiresents the covariates or independent varigblissthe
k-parameters vector and it is the object of infeeeand evaluation; n is sample’s size. We knowai is the
satisfaction degree but we don’t know yi* thathe tatent variable :

yi=0 if yi*<0 with u0 =0

yi=1l if O<yix<pul

yi=2 if pl<yixpu2

yi=] ifpj-1<yi*

i are unknown parameters that should be estimatdd pvGreene, 1993). The residential satisfaction
degree depends on both measurable factors (indepemdriables xi obtained through the questionjaire
and non-observable factors represented.byhe yi* in the model describes a continuous pexfee, not
observed, whereas the yi is ordered because ih@am just five values (mentioned above). The redpots
will express their satisfaction degree that shoelaresent their feelings towards the house andrtssde
neighbourhood. In an ordered Probit model theeestandard normal distribution feir and the Vagji|xi] =

1, whereas in an ordered Logit modés distribution is a standardized logistic and War[si|xi] = ©2/3
(Greene, Henser, 2008). Assuming that xi has ataohslement, we can assume that the first coeffiqiO

is equal to 0. Summing up, application of the ecoetric models has the objective to evalufte
coefficients for every considered independent WeiaThese coefficients are important to understahidh
variables influence mostly the residential satigfec degree and if they have a negative or a pesiti

influence. A hundred and fifty interviews have beemducted and their data are organized in a daaaske
used to implement the model we described abovegubkim Stata software. We can consider our sample a
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representative sample of the Cagliari's inner-pibpulation. The first step, after having done titeriviews,

has been the creation of a dataset containindhallvariables obtained through the guestionnairethaeid
values. We operated numerous changes to variableslér to have suitable data to use in the ordinglt

and Probit models, but previously it was necessarymplement a simple linear regression between the
dependent variable and the numerical explanatonalas in order to verify absence of multicollinga
Then, we implemented the models numerous times.fif$tetime we apply Probit and Logit models the
degree of residential satisfaction related to houae considered as the dependent variable wheheas t
covariates were: gender, education, job, age ofréispondent, family composition, type of house and
possession, internal characteristics such as rsur&gce and balcony surface, the presence of saciléiés
such as heating system, conditioning system, €ten we implement those models using the degree of
residential satisfaction related to neighbourhosdtee dependent variable and the covariates wene so
dummy variables that express the lack of servicethé neighbourhood, other variables that explae t
presence of problems such as noise, garbage Aetanteresting aspect could be the implementatiba o
model in which the relation between the satisfactiowards the house and the satisfaction towares th
neighbourhood are considered. Taking into accohat dtudies conducted in the past about this topic,
numerous psychologists affirmed that the satisfactiegree related to neighbourhood can influenee th
satisfaction degree related to house. We want pbeiment a model with the satisfaction degree otihese

as a dependent variable, and considering the aetish degree of the neighbourhood as one of the
independent variables, using also a nested modeititoduce the variables that explain the satigfact
related to neighbourhood. This is a future stefhefthesis. The first econometric model we talkeoud is:

Soddisfazc 30 + Bl*eta +p2*d_gen +p3*rationucleo +p4*ratiosupl +p5* Istudio +6*_llavoro +
B7*_Igodimcasa $8*d_riscald +p9*d_pompe +310* d_ascens $11* d_sgacant

In which:

eta = dummy variables set representing respondaggésthat is organized in cathegories (eta_categifl=
respondent is between 18 and 25 years old, O otbensimilarly for eta_categx2 = 1 if the interviegvis
between 26 and 40 years old, eta_categx3 = 1 ifekgondent is between 41 and 60 years old, eegeht
=1 if the interviewed is more than 60 years old);

d_gen = dummy variable for gender (d_gen=1 for feprth gen=0 for male);

rationucleo = factor variable representing theorbgtween number of people that live in responddmiuse
and average number of people in a family considédriterviews’ data;

ratiosupl = factor variable obtained dividing hdssirface for every resident interviewed for tiverage
surface of respondents’ houses in the sample;

_Istudio = dummy variables set for the degree afcation of the respondent (istudiol = 1 if the cesfent
is graduated or has a school leaving certificatefh@rwise; istudio2 = 1 if the respondent has iengy
school certificate or a junior high school certfie, O otherwise);

_llavoro = dummy variables set for the kind of jobthe respondent (jlavorol = 1 if the respondend i
public employee, 0 otherwise; jlavoro2 = 1 if thespondent is a freelance professional, 0 otherwise;
jlavoro3 = 1 if the respondent is a student ortigae or an unemployed, O otherwise);

_lgodimcasa = dummy variables set that expressekitil of possession of interviewed towards theskou
(sgodimcasal = 1 if the respondent lives in a tdtgtg O otherwise; sgodimcasa2 = 1 if the respords
owner of a flat, O otherwise; sgodimcasa3 = 1 & tbéspondent is the owner of a single house, (heibe
sgodimcasa4 = 1 if the respondent is the benefigigler of a flat, 0 otherwise);

d_riscald = dummy variable for the heating systdnriécald = 1 if there is the heating system, @nilise);

d_pompe = dummy variable for the conditioning sys{d_pompe = 1 if there is the conditioning systém,
otherwise);

d_ascens = dummy variable for the presence of evawr (d_ascens = 1 if there is an elevator in the
building, 0 otherwise);

d_scagant = dummy variable for the presence ohk joom or a cellar (d_scagant = 1 if there isrkju
room or a cellar, O otherwise).
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As cited above, before implementing the ordinal itogodel a linear regression model for the dependen
variable and the quantitative explanatory varialas implemented through Stata program. No problgfms
multicollinearity occurred. Indeed, a ordinal Logibdel could be applied.

The results of the first model we implemented are:

xi: ologit soddisfazc eta categx? eta categx3 eta_categx4 d_gen rationucleo
ratiosupl i.studio i.lavoro i.godimcasa d riscald d_pompe d_ascens d_sgacamt

>
i.studio _Istudio_1-2 (_Istudio_1 for studio==dipTau omitted)
i.lavoro _Ilavoro_1-3 (_Ilavoro_1 for lavoro==dip omitted)
ﬁ.?odimcasa _Igodimcasa_1-4 (_Igodimcasa_1 for -~mcasa==afapp omitted
>
Iteration O: log likelihood = -168.54721
Iteration 1: log 1likelihood = -154.5344
Iteration 2: log 1likelihood = -154.03179
Iteration 3: log likelihood = -154.02993
Iteration 4: log 1ikelihood = -154.02993
ordered logistic regression Number of obs = 150
LR chiz(16) = 29.03
prob = chi2 = 0.0237
Log Tikelihood = -154.02993 pseudo R2 = 0. 0861
soddisfazc Coef. std. Err. z P=|z| [95% conf. Interval]
eta_categx2 —. 6280022 1.110931 —0.57 0.572 —2. 805387 1.549383
eta_categx3 -1.073229 1.032562 -1.04 0.299 —-3.097013 . 9505543
eta_categxd —. 7534717 . 9836777 -0.77 0.444 —2.681445 1.174501
d_gen .1627012 . 3611298 0.45 0.652 —. 5451003 . 8705026
rationucleo —. 4475387 . 497397 —0.90 0.368 -1.422419 . 5273415
ratiosupl 1. 51087 . 5916083 2.55 0.011 . 3513386 2.670401
_Istudio_2 —. 3196608 .4971828 -0.64 0.520 -1.294121 . 6547995
_Ilavoro_2 . 3877155 . 5952546 0. 65 0.515 —. 778962 1.554393
_Ilavoro_3 —.4398783 . 5340986 -0.82 0.410 —1. 486692 . 6069358
_Igodimcas~2 . 4689796 . 6273792 0.75 0.455 —. 760661 1.69862
_Igodimcas~3 —. 9942119 . 9785031 -1.02 0.310 —-2.912043 . 9236189
_Igodimcas~4 -1.253779 1.042937 -1.20 0.229 —3.297899 . 7903399
d_riscald . 307466 . 3602038 0. 85 0.393 —. 3985205 1.013452
d_pompe —. 0793798 . 3843266 -0.21 0.836 —. 8326461 . 6738866
d_ascens —. 0827574 . 3569776 -0.23 0.817 —. 7824206 . 6169058
d_sgacant 3111558 . 3774456 0.82 0.410 —-. 428624 1.050936
Jeutl —4. 068754 1.51428 —7.036688 -1.100819
Jeut2 —2.246556 1.376237 —4.94393 . 4508179
Jcut3 -1. 322869 1.358073 —3.984644 1. 338905
Jeutd 1.61132 1.355211 -1.044844 4.267485

Fig. 1: Outcomes of the first Ordinal Logit Modeiplemented.

We can analyse the results considering that thét lcogfficients are in log-odds units and can'trbad as
regular OLS coefficients. There is not the value¢haf intercept and we can say that the intercegb$erbed
by the first cutoff point. Observing the value obP > Chi2 can help us to deduce if the model i®iokot
from this value. The number is less than 0.05 &ahal coefficients are different from zero and thel
hypothesis is rejected. The pseudo R2 value ingltide amelioration of the likelihood estimated witis
model rather than considering the null hypotheBi®e z value tests the hypothesis that each cosftids
different from 1. The higher is the z the highethis relevance of the variable. Two-tail p-values|g|) test
the hypothesis that each coefficient is differeotrf 0. In the ordered Logit model it is useful teeck the
sign of the coefficients (UCLA Resources to leand ase STATA ). So, we can deduce that a biggeilyfam
influence negatively the satisfaction degree towatie house rather than smaller families; so smalle
families have a higher satisfaction degree thagelafamilies, considering the other variables’ ealu
similar. Older people seem to have a lower satisfacegree related to their house than young ge(ath

an age between 18 and 25 years old). A lower eduedtlevel has a negative influence on satisfactio
degree, so people less educated are less savsfidir house than higher qualified people, cosmsidy the
same characteristics for all the other variablesa@oxically to expectations, the presence of lineator and

of conditioning system seems to influence negatitbe satisfaction in the sense that people thvat ik
buildings with no elevator and no conditioning eege a higher satisfaction degree than the othegulgpeo
(always considering the same values of all therothgables). We can also observe that these twiahlas
(d_ascens and d_pompe) are not significant consglénat the P>|z| values are big and in particatar
0.81 and 0.83. We observe that women express higgtisfaction than men and we could explain it
considering the fact that women generally spendentione at home than men do, being more affectively
linked to their house and consequently expressigigen satisfaction. The variable ratiosupl is #r#iat
represents the size of house and we can see tia & positive influence on satisfaction degredigger is
house’s surface, then higher is respondent’s aatish related to its house. Being a student, iatieee or
an unemployed seems to have a negative influenaesidential satisfaction degree towards houseerath
than been a public employee; it could be due tddebhs economical possibilities for students, uneygd
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and reteree people to apply changes to their nesédleeondition and to their house in general. &iétly,
being a freelance professional has a positive émit@ on satisfaction degree rather than being éicpub
employee. Finally, having a cellar or a heatingesyshave a positive influence on residential satisbn
degree rather than not having them. The cutofftgaigpresent the cutoff values so the thresholdegafor

the probability that the satisfaction degree isNb{' satisfied” , 2 — “A little bit dissatisfied”, 3-
“Indifferent”, 4 — “Enough satisfied” or 5 — “Veryatisfied”. Hence, for instance if the predictedhability

is lower than -4.07 we are going to have “Not $iatis, etc.. We can check the predicted probabsitand

we can see that almost for every observation (irees) the biggest predicted probability is related4-
“Enough Satisfied” and this probability is highdrah 50% in the majority of cases. We have an higher
probability related to 5-“Very Satisfied” and 3-8ifferent” just for few cases.

Then we implement an Ordinal Probit model for $atBon degree towards house and the results are
presented in succession:

xi: oprobit soddisfazc eta categx2 eta categx3 eta categx4 d_gen rationucleo

> ratiosupl i.studio i.lavoro i.godimcasa d riscald d pompe d_ascens d_sgacan
>
i.studio _Istudio_1-2 (_Istudio_1 for studio==diplau omitted)
i.lavoro _Ilavoro_1-3 (_Ilavoro_1 for lavoro==dip omitted)
1. ng'i mcasa _Igodimcasa_1-4 (_Igodimcasa_1 for -mcasa==afapp omitted
>
Iteration O: log likelihood = -168. 54721
Iteration 1: log likelihood = —-155.35393
Iteration 2: log likelihood = —155.26942
Iteration 3: Tog Tikelihood = —155.26942
ordered probit regression Number of obs = 150
LR chiz(16) = 26. 56
Prob = chiz = 0. 0467
Log 1ikelihood = -155.26942 Pseudo R2 ] 0. 0788
soddisfazc coef. std. Err. Z P=|z| [95% conf. Intervall]
eta_categx2 —. 4906967 . 652873 -0.75 0.452 -1.770304 .788911
eta_categx3 —-. 6372653 . 6032474 -1.06 0.291 -1. 819609 . 545078
eta_categxd —. 475534 . 578843 -0.82 0.411 -1.610045 . 6589773
d_gen . 1797358 .2039433 0.E88 0.378 —. 2199857 . 5794572
rationucleo —. 2190771 . 2744065 -0. 80 0.425 -. 756904 . 3187498
ratiosupl . 7892276 . 3018873 2.61 0.009 1975394 1.380916
_Istudio_2 —. 2116097 2817451 -0.75 0.453 —.7638199 . 3406006
_Ilavoro_2 . 3673252 . 3417519 1.07 0.282 —. 3024963 1.037147
_Ilavoro_3 —. 1744775 . 2973543 -0.59 0.557 —. 7572812 . 4083262
_Igodimcas~2 .1803618 . 3520492 0.51 0. 608 —. 5096419 . 8703654
_Igodimcas~3 —. 5575927 . 5922791 -0.94 0. 346 -1.718438 . 6032529
_Igodimcas~4 —. 7118773 . 5699893 -1.25 0.212 -1. 829036 . 4052813
d_riscald . 2131366 .2011678 1.06 0.289 —.1811449 . 6074182
d_pompe —. 0881107 . 2189914 —0.40 0. 687 -.5173259 .3411046
d_ascens . 0023302 .2037761 0.01 0.991 —. 3970636 . 4017239
d_sgacant 1294141 . 2181429 0.59 0.553 —-.20981381 . 5569663
Jeutl -2.107132 . B285655 —-3.731091 -.4831736
Jeut2 -1.29433 . 7966991 —-2.855831 .2671718
Jeut3 —. 8117085 . 7896355 —-2.359366 . 7358486
J/cutd . B938249 .7861219 —. 6469457 2.434596

Fig. 2: Outcomes of the first Ordinal Probit Modaplemented.

The results in terms of negative or positive infloe on residential satisfaction degree are alnmessame,
except for the variable of presence of an elevdtoithis case it seems to have a positive influenice
satisfaction degree but also in this case it issignificant, seen the high value of P>|z| th&.89. We can
observe that also in this case, the variable nagpibshat represents the house surface has a gositivence
and it is significant. The variable d_pompe thgtregs the presence of conditioning system has atineg
influence also using this model, but it is not #igant. If we check the predicted probabilities wen see
that also in this case the higher probability latel to 4-“Enough Satisfied” in almost all the ebations.

Then, the second model, that tries to explain tiflsence of explanatory variables on satisfactiegrde
related to the neighbourhood is:

Soddisfazq =p0 + Bl*eta + p2*d_gen + B3*rapportocoivicini + p4*d_altrifamiliari + p5* Istudio +
B6*_llavoro + p7*d_scuola +38*d_supermercato $9*d_poste +310* d_giardini +p11* d_fermatebus +
B12*d_var31 4313*d_var34 +314*d_var35 +315*d_var37

In which:

Rapportocoivicini = dummy variables set that représ the relationship between respondent and
neighbours.

d_altrifamiliari = dummy variable that expresses thsidence of other familiars in the inner-city
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d_scuola, d_supermercato, d_poste, d_giardinirohaiebus = dummy variables that express when treey a
equal to 1 the absence of that particular ser@agherwise.

d_var31, d_var34, d_var35, d_var37 = dummy varmltat represent the most frequent problems of the
inner-city of Cagliari and they correspond to alegeaf parking, presence of wastes, traffic, ancdeaAll
the other variables are the same used in thenfiosiel implemented.

- Xi: ologit soddisfazq eta_categxl eta_categx2 eta_cat eta_categx4

> d_trangzona i.rapportocoivicini d_altrifamiliari i.studio i.lavoro quartiere
> X1 quartierex? quartierex3 quartierex4 d_scuola d_supermercato d poste d_far
> macia d_giardini d fermatebus d var31 d var34 d var35 d _var37

Iteration O: log likelihood = —188.38222
Iteration 1: log likelihood = —153.90482
Iteration 2: log likelihood = -151.01711
Iteration 3: log likelihood = —150.96298
Iteration 4: log likelihood = —150.95974
Iteration 5: log likelihood = -150.9591
Iteration 6: log likelihood = -150.95896
Iteration 7: log likelihood = -150.95893
Iteration 8: log likelihood = -150.95892
ordered logistic regression Number of obs = 150
LR chi2(26) = 74.85
prob > chi2 = 0. 0000
Log likelihood = -150.95892 Pseudo R2 = 0.1987
soddisfazg coef. std. Err. z P=|z| [95% conf. Intervall]
eta_categxl 2.385868 1.243808 1.92 0.055 —. 0519501 4.823686
eta_categx2 —.1318692 . 7030301 -0.19 0.851 -1. 509783 1.246044
eta_categx3 .0338594 . 536413 0.06 0.950 —1.017491 1.085209
eta_categx4 (omitted)
d_gen .526471 . 3808115 1.38 0.167 —. 2199058 1.272848
d_trangzona 1.235422 .4905138 2.52 0.012 . 2740326 2.196812
_Irapporto~2 -1.876499 . 557144 -3.37 0. 001 —2.968481 —. 784517
_Irapporto~3 —. 9109474 . 7207293 -1.26 0. 206 —2.323551 . 501656
_Irapporto~4 11. 66992 741.8921 0.02 0.987 -1442.412 1465.752
_Irapporto~5 1.123618 .4731823 2.37 0.018 1961975 2.051038
d_altrifam-i —. 0271145 .3922093 —0.07 0.945 —. 7958307 . 7416017
_Istudio_2 —. 4222615 . 5002836 —0.84 0.399 —1.402799 . 5582764
_Ilavoro_2 —. 1863877 .6433438 —0.29 0.772 —1.447318 1.074543
_Ilavoro_3 —. 2639752 . 5535974 -0.48 0.633 —1.349006 . 8210557
quartierexl —. 7805241 . 643699 -1.21 0.225 -2.042151 .4811028
quartierex2 —. 5038201 .6314853 -0.80 0.425 —1.741509 . 7338685
quartierex3 —.1204849 . 541811 —0.22 0.824 -1.182415 .9414451
quartierex4 (omitted)
d_scuola - 5098697 - 5081983 1.00 0.316 —. 4861807 1.50592
d_supermer—o —. 4435028 . 5726138 —0.77 0.439 —1. 565805 . 6787997
d_poste .1616444 .5913734 0.27 0.785 —. 9974261 1.320715
d_farmacia . 308826 . 9111098 0.34 0.735 -1.476916 2.094568
d_giardini —. 1212487 .4527091 -0.27 0.789 —1.008542 . 7660447
d_fermatebus . 7419845 . 8110506 0.91 0.360 —. B476456 2.331615
d_var31l . 2797726 .4604194 0.61 0.543 —. 6226329 1.182178
d_var34 —. 822367 .413129 -1.99 0.047 -1.632085 —. 0126491
d_var3s -. 22743 . 3891568 -0.58 0.559 —. 9901632 . 5353033
d_var37 —. 9698914 . 4168591 -2.33 0.020 —1.78692 —. 1528625
Jfeutl —3.259664 1.184646 —5. 581526 —. 9378012
feut2 -1.184782 1.128448 —3.3965 1.026936
/cut3 —.723454 1.124984 —2.928381 1.481473
fcut4 2.796802 1.159603 . 5240218 5.069583

Fig. 3: Outcomes of the second Ordinal Logit Mddglemented.

We can observe that a variable about the relatipnsfth the neighbours (_lIrapporto4) has a very big
coefficient and a big value of P>|z|, so it is s@nificant. Women express higher satisfaction eegr
towards the neighbourhood than men and being waseems to have a positive influence on this kind of
satisfaction. The presence of markets and pubkergrspaces have a negative influence on satigfactio
degree, whereas the presence of bus stops, phammacyost offices have a positive influence. These
findings about the variables d_supermercato andaddigi are in contradiction with our expectatidmst
they are not significant, considering P>|z| valudse absence of parking spaces (d_var31) has &veosi
coefficient in the definition of satisfaction degréowards neighbourhood in the sense that abseihce o
parking causes an increase in the rank of satisfactegree, considering the same values for theroth
variables. Also this outcome can be explained With fact that this variable is not significant ddesing
that its P>|z| value is about 0.559. The other Iprob such as presence of rubbish (d_var34), traffic
(d_var35) and noise (d_var7) have negative coefitsi so they have negative influence on satisfacti
degree. Finally we can check the predicted probisilfor the different values of the satisfactidegree
towards the neighbourhood and we can observertthtimajority of cases the higher probabilitydkated

to 4-“enough satisfied”, but in some cases thedrigh2-“a little bit satisfied” or 5-“very satisii”.

Considering the implementation of an Ordinal Prabibdel for the satisfaction degree related to the
neighbourhood the results are:
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. Xi: oprobit soddisfazq eta categxl eta_categx2 eta_cat eta_categx4

> d_trangzona i.rapportocoivicini d_altrifamiliari i.studio i.lavoro quartier
> exl quartierex2 guartierex3 quartierex4 d scuola d_supermercato d_poste d_fa
> rmacia d_giardini d_fermatebus d_var31 d_var34 d_var35 d_var37

Iteration O: log likelihood = —188.38222
Iteration 1: log likelihood = —150.68067

Iteration 2: Jlog Tikelihood = —149. 80701
Iteration 3: log likelihood = —149.78458
Iteration 4: log likelihood = -149.78172
Iteration 5: log likelihood = -149.78128
Iteration 6: log 1ikelihood = —-149.78122
Iteration 7: log likelihood = -149.7812
ordered probit regression Number of obs = 150
LR chi2(26) = 77.20
Prob > chiz = 0. 0000
Log 1ikelihood = -149.7812 Pseudo R2 = 0.2049
soddisfazqg coef. std. Err. z P>|z| [95% conf. Interval]
eta_categxl 1.397719 . 7416645 1.88 0. 059 -.0559169 2. 851355
eta_categx2 —. 0707565 -4025859 —0.18 0. 860 —. B598104 . 7182974
eta_categx3 - 0353671 . 3062211 0.12 0.908 —. 5648152 . 6355494
eta_categx4 (omitted)
d_gen . 2677285 .2165119 1.24 0.216 —. 156627 . 692084
d_trangzona . 6976578 . 2761681 2.53 0.012 - 1563783 1.238937
_Irapporto~2 -1. 066036 . 3153273 -3.38 0. 001 -1. 684066 —. 4480059
_Irapporto~3 —. 5507622 . 3676726 —1.50 0.134 —1.271387 .1698629
_Irapporto~4 3.783534 129.1095 0.03 0.977 —249.2664 256.8334
_Irapporto~5 . 6209009 . 2656475 2.34 0.019 -1002415 1.14156
d_altrifam-i —.0414339 .221678 -0.19 0. 852 —. 4759149 -3930471
_Istudio 2 —. 3367687 . 2919361 -1.15 0.249 —-. 908953 .2354156
_Ilavoro_2 —. 0939604 . 3678357 —0.26 0.798 —. 8149051 . 6269843
_Ilavoro_3 —. 1805245 -3132807 -0.58 0. 564 —.7945434 -4334943
quartierexl —. 3193464 - 3545891 —0.90 0. 368 -1.014328 . 3756355
quartierex2 —. 2094566 . 3629554 -0.58 0. 564 —. 9208361 . 5019229
quartierex3 - 0091165 - 3123687 0.03 0.977 —. 603115 . 6213479
gquartierexd (omitred)
d_scuola . 2554482 . 2816296 0.91 0. 364 —. 2965357 . B074322
d_supermer-o —. 3199828 . 325296 —0.98 0.325 —.9575513 . 3175856
d_poste -1653041 . 3268746 0.51 0.613 —. 4753584 . 8059666
d_farmacia . 2561195 . 5051342 0.51 0.612 —.7339254 1.246164
d_giardini —. 0277771 .2522478 —0.11 0.912 —. 5221738 . 4666196
d_fermatebus .4073116 - 4526557 0.90 0. 368 —. 4798772 1.2945
d_var3l . 182327 . 2628898 0.69 0.488 —. 3329275 . 6975816
d_var34 —. 4499318 . 2270027 -1.98 0.047 —. BO48489 —. 0050147
d_var3s —-. 1031759 . 2248586 -0.46 0.646 —. 5438905 . 3375388
d_var37 —-. 5937252 . 2359598 -2.52 0.012 -1.056198 -.1312525
Jeutl -1.785626 . 6684301 —3.095725 —. 4755274
Jout2 —. 61305 . 6421694 -1.871679 . 6455789
Jeut3 —. 3444725 . 6418126 —1.602402 . 9134571
Joutd 1.696742 6617372 - 399761 2.993723

Fig. 4: Outcomes of the second Ordinal Probit Maaglemented.

The results through this model are almost the sas1tbose with Logit model in terms of negative osifive
influence on the satisfaction degree. Variableg tieve negative influence against expectationsnate
significant with high values of P>|z|. Differenfipm the previous analysis, living in the neightbdmod of
Stampace seems to have a positive influence osfaztion degree towards the neighbourhood. Therothe
results are similar and the coefficients are noy different in terms of order of magnitude. If wkeck the
predicted probabilities for this model, we can oledhat the situation is quite similar to thatasbed using
the Ordinal Logit model; hence, in lots of caseshigger probability is associated to 4- “Enouglisiiad”,

but there are several cases in which the highdrgtibty is linked to 2 — “A little bit dissatisf® and 5-
“Very satisfied”.

4.4.3 Proposal of smart interventions

According to what these first results express, ae finally propose interventions in order to inGedhe
residential satisfaction degree and the qualityfefof Cagliari’'s inner-city-dwellers. Firstly, ¢habsence of
some services is determinant in the definition tfva satisfaction degree so it could be importarprovide
inner-city with some important services such asdiaps, post offices and pharmacies. A sense Lftiso
came to light from the interviews, related in partar to some parts of the inner-city such as the
neighbourhood of Castello. The lack of some sesvidetermined a lower residential satisfaction degre
towards the neighbourhood. A proposal could bentweiase the bus network in these parts of the iaty,
order to give the possibility to its inhabitantgéach the locations of public services more eakiljeed, the
majority of Cagliari’s inner-city dwellers are efltiepeople so they have difficulties to move faorr their
house. Another proposal could be to give peopieeaally elderly people (who represent an impordnare

of Cagliari’s inner-city population), the possibjlito do grocery shopping ordering it through télepe and

to receive it at home without any additional cobtaffic seems to have a negative influence on the
satisfaction degree, so we could propose a smaatvantion to deal with this issue: we could organi
parking areas just outside the inner-city, neabdands, in order to reduce cars’ circulation;dtid be a
way to transform Cagliari’s inner-city in a pedestrarea giving the residents the possibility tckpaside

the inner-city just for a limited time, for instanéor a couple of hours, but giving in advance cef it
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through a short message or a call to a speciatisatte that has the mansion to manage inner-cityinga
spaces. Contextually, parking areas just outdiddrtner-city should be reserved for residentsingiyust

one pass to every resident family. Consideringtimrahips with neighbours, very good relationsugefice
positively the residential satisfaction degree, nghs being just acquaintances has a negative me#ueso,

it could be reasonable to propose an interventi@t tontributes to ameliorate relationships between
neighbours, for instance creating an aggregatiotredor every neighbourhood of the inner-city which
people can spend time socializing, etc.. In oraemaddress another important problem represented by
garbage collection which has a negative influenc¢he residential satisfaction degree, we coulg@se to
create a particular system of rubbish collectioarabterised by dustbins located underground; & way

we hope to limit the visual impact of garbage ie #treet corners in order to improve urban cleasn

5 CONCLUSION

These are just partial results which will be furtdeveloped in the PhD thesis. Other models aneggim be
implemented especially the most important onesyrdimal Logit model and a Probit model to expldie t
influence that satisfaction towards neighbourhoas tin satisfaction towards house. This is fundaahémt
order to identify quantitatively the influence tlalt the variables considered in the first modejetiher with
the satisfaction degree related to the neighbouttnawe on the satisfaction degree related to tlusédn
future steps of the thesis we could also implentieatmodels and we could implement another particula
analysis considering separately the four neighbmaath of Cagliari’s inner-city in order to verifyiii some

of them the results are different from the outcoluss obtained. Finally, we are going to propossefof
interventions based on the outcomes obtained thrabgse different analyses; these actions shotild fi
people needs and expectations in order to purbegter quality of life and a higher sense of weliriy.
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1 ABSTRACT

Remote sensing and GIS technologies are very msetulufor finding the Land Use/Cover maps. Thithis
paper which deals with the Land Use/Cover ChangdC) especially to urbanization in Chennai
metropolitan area, India for past two decadeotiisent. Chennai is the fourth largest metropoldanin
India with area of 1189 km2 with 4.68 million of pdation, which is developing rapidly into urbanpast
few decades. There is heavy need of urban plarfairfgture in Chennai. This research will be a sapjfor
urban planning of the future.

The Land satellite data for three decades (19800 2ihd 2012) and Digital Elevation Model (DEM) for
present were collected with 30 meter resolutiorepRicessing of all images was completed. Image
classification for mapping LUCC was performed bypenvised classification through the maximum
likelihood classification for four classes: WatBqugh land, Crop land and Urban. An accuracy asssgs

has been checked to find the accuracy of the Gileestson and the overall accuracy is about 87%n$§it#on
probability matrices were calculated for all thtime points and compared with each other (1989 2000,
2000 with 2012). The result shows that the incréaddrban and decrease in Rough land. Slope map has
been created from DEM.

Analyses of neighborhood effects were done to firel probability of land changes due to existinganrb
cells, which is calculated for each cells surrouhb its three neighborhood cells. Analyses of sleffects
for urbanization was done by comparing the slogktha possibilities of change from Rough land anoipC
land to Urban. A simple model structure for simigiatwas created using VBA and GIS. The model applie
the neighborhood effects which are similar to GatlltAutomata but in this model it is modified bygé
effects. Using the simulation urban map was predidor future trends. These predicted urban mafis wi
provide critical input to resource management adadrpng support applications, and have substasdiaial
and economic benefit for metropolitan planning dadelopment.

2 INTRODUCTION

2.1 Introduction and Background of the Study

“INDIA lives in its villages,” said Mahatma Gandliyer six decades ago. No longer. At least notamil
Nadu, the first major State to reach the historibeg¢shold of 50:50 rural-urban distribution of paiion.
Crowning Tamil Nadu’'s urbanisation is Chennai, tharth largest metropolis of India. More people in
Tamil Nadu have moved from rural to urban areadasiel0 years compared to other states, accotditige
2011 Census data. Tamil Nadu tops the list of ugeahstates with 48.45% of its population livinguifban
areas , followed by Kerala, Maharashtra and Gujdmathe last 20 years, the rate of urbanizatioamil
Nadu has been rapid. According to the 1991 Cemsg,34.15% of the total population in Tamil Nadasv
classified as urban but in 2011, it has risen tet38%, an increase of 14.3%. Since the 2001 cenkes,
percentage of urban population has risen by 4.41%.

Urbanization is a worldwide phenomenon where aljan€ities are rapidly developing due to variousdiec
including population increases, industrializationdarural-urban migration. Though urbanization is a
worldwide phenomenon, it's more prevalent in Indige to high growth rate over last few decades. rba
planning is a complex phenomenon hence accurateipaated information is needed to develop strasegie
for sustainable development. The land use mapsised to provide up to date information on the type,
location, spatial, distribution and extend of lars#/land cover.

In order to use the land optimally and to provideérgput data in modeling studies, it is not onlge®sary to
have information on existing land use/ landcovdradisio the capability to monitor the dynamics afdaise
resulting out of changing demands. Urban sprawl ihenomenon that has to be monitored and unddrstoo
There are different approaches for modeling spdsinbmics. Models cannot work without data andlisate
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imagery is an excelent source of data. The rapigtldpment of multi-spatial and multi-temporal remot
sensing data has now made it possible to monitbarutand-use/land-cover changes in a very efficient
manner. Remote sensing techniques have proverugefyl in urban mapping (Batty 2008). There is dewi
range of techniques used for land use land coveangsh detection. An attempt has been made here to
demonstrate the potentials of remote sensing tqakeiin change detection analysis of urban landrcoy
using the technique of comparison of the classifieages.

2.2 Research Objective

The aim of this paper deals with the Land Use/C@iminge (LUCC) especially to urbanization in Chénna
metropolitan area, India for three time points @98000 and 2012). And to simulate the urbanizatton
future using the past data’s.

The objectives of the study are

e To classify the Land Use/Cover based on procedsiagsatellite data in three time points (1989,
2000 & 2012).

» To calculate the change of the Land Use/Cover dutiese periods.

e To analyze the transition probability of the LUC&5pecially focusing on both the neighborhood
effects and slope effects.

» To simulate the urban growth under the currenttigase till 2024.

2.3 Study Area

Chennai is the fourth largest metropolitan areiniia, with a population of about 7 million in 2Q0Lhe
Chennai Metropolis (with a latitude between 12°80'4and 13°17'24", and a longitude between
79°59'53"and 80°20'12") is located on the Coramhndast in South India. Topographically plain terra
with few isolated hillocks in the south-west. Avgeaannual rainfall is about 1,300 mm. Chennai ks t
administrative boundary, the outer boundary is @aemetropolitan boundary — encompass the suburban
areas; the inner one is the corporation boundahjctwinclude only the urban area. Chennai is rgpidl
getting urbanized from past decades.

Fig. 1: Location map of Chennai metropolitan aresmil Nadu, India

N
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2.4 Existing Research

There are many types of landuse classification éksah et al., 2001). It is infered that the landero
change analysis can be done using simulation niode(Bhatt et al., and Parker et al., 2003). Change
analysis can be done using Erdas imagine (Harika,2012) and modelling of land use change catidne
using GIS (Laura and Pontius, 2001; Geogr and F208y7). Urban sprawl mapping and land use change
analysis using GIS should be given importance wid@ning (Monalisha et al., 2005)

This research focuses on forecasting urbanizatioffiuture using two factors as major, neighbourhand
slope effects. As existing research on relation&igipveen neighbourhood and land use by Muranaka and
Arai (2013) has been reported. In their approdotly showed the relationship between neighbourhood a
land use, especially the propotion of the numbegraf cells each of which has changed its landfrma
non-urban to urban between time (t and t+dt) anighvhas k urban cells within its neighbourhood.idy@e

and stable relationship between the state of tighheurhood and the land use change in the cesitealvas
found by simple calculation of published land ussadin Japan. By referring these past researches,
neighbourhood effects also plays major role in tbgearch.

3 DATA PREPARATION AND PROCESSING

3.1 Pre Processing

Landsat 5 TM is a best data for classifying Lan@&/Gsver. Landsat 5 TM data has been downloaded for
three times points (1989, 2000 and 2012) with 3G&mesolution. DEM data also has been downloaded f
the year 2010 with same 30 meter resoulution frpenosource. The data specifications has been shown
Table 1.

Name Source Resolution  Year of capture

LandSat 5 TM| U.S. Geological Survey (Open source)] 0 3IMeter| 1989, 2000 ang
each 2012

Digital Advance Spaceborne Thermal EmissioB0 Meter| 2010

Elevation Reflection Radiometer (Open source) | each

Model

Table 1: Data specifications

Preprocessing of satellite images prior to imagasdfication and change detection is essential.
Preprocessing of image data often will include auitric correction and geometric correction. Geoimet
rectification of the imagery resamples or chandpespixel grid to fit that of a map projection orodimer
reference image. This becomes especially imporvthen scene to scene comparisons of individual piixel
applications such as change detection are beinghtoGeometric corrections are made to correct the
inaccuracy between the location coordinates opttiire elements in the image data, and the aldoation
coordinates on the ground. Radiometric correctiamgs made to the raw digital image data to correct f
brightness values, of the object on the ground, flaae been distorted because of sensor calibration
sensor malfunction problems. The distortion of iemgis caused by the scattering of reflected
electromagnetic light energy due to a constantlgngng atmosphere. This is one source of sensor
calibration error. Now after correcting both theoB®tric and Radiometric corrections, now all thyears

of Landsat Image is ready for classification.

3.2 Image Classification

To examine the urbanization on LUCC, there are foyortant classes to be classified. They are Water
Roughland, Cropland and Urban. The descriptiorhes¢ has been shown in Table 2. All of the viséld
infrared bands (bands 1-5 and 7) were used for émagssification. Supervised classification through
maximum likelihood algorithm was applied to performage classification. It was preferred because the
prior knowledge of study area was known and tha dathe study area were also available. In additiois
classification has been found to be the most conynand widely used classifier. The supervised
classification requires training areas for eacBgl@ he traning areas were used to define speeflfattance
patterns/signature of each class. The signaturegdwben be used by classifier to group the pixels a
certain class which has the same spectral pattd@magning areas of each class were created with the
assistance of visual analysis on the images thrdigpiaying RGB combination and also supportinghsy
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ancillary information from the google earth and grer knowledge of the study area. This classifira
was done for all three years, 1989, 2000 and 2012.

Land Use/Cover classes General Description

Water An area covered by open water such as odean, ponds
and artificial aquacultures or fishponds.

Roughland An area that is covered by shrubs anellaads.

Cropland An area that is used for any kind of galibn such ag
agriculture, tree crops, or food crops.

Urban An area has all residential, commercial andustrial
areas, villages, settlements and transportdtion
infrastructure. 7

Table 2: Description of Land Use/Cover classes

B Water
Roughland
= Cropland

m Urban
1989

' ' Percentage

0% 20% 40% 60% 80% 100%
Fig. 3: Comparisons of Land Use/Cover classificabetween three years

Now after classifying for three years, by seeing fiig. 2 and 3 it can be understood that, in 188%rban
was only 16% but it has been rapidly increased fi&% to 34% in 2000 due to various factors andether
was a gradual increase from 34% to 44% in 2012.celdrom this classification and analysis we can
understand that Chennai is now urbanizing neart.58nd when we see for Cropland on 1989 with 38%
which has been slightly decreased from 38% to 3d%hé year 2000. And again slightly decreased from
34% to 31% in 2012 . And Roughland has decreagedlyain the year 2000 from 39% to 27% and it has
been again decreased to 15% in the year 2012. inlener analysis we omit water from analysis, beeaus
water won't change much.

3.3 Post Processing

After the image classification, post processing thase to check the accuracy of the classificatimor
matrix says how much error the classified image had from that it can be known either to reclassie
image or it has good accuracy. Here in this clesgibn the overall accuracy is about 0.87. Afteeaking
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the accuracy, the kappa coefficient has to be egplihe kappa coefficient is frequently used to reanize
the results of an accuracy assessment used toaewdhnd-use or land-cover classifications obtaibgd
remote sensing. The standard estimator of the kajmedficient along with the standard error of this
estimator require a sampling model that is appratéu by simple random sampling. Formulas are pteden
for estimating the kappa coefficient. Kappa co@fit is calculated and it is found to be 0.82. Atteecking
the overall accuracy and the kappa coefficienctienge maps can be created.

3.4 Slope map

B 33 & il ] = B & 12

TS T O
Fig. 4: Slope map for 2010

As said earlier, Chennai has a flat terrain surfadee Fig.4 shows the output of Slope of Chennai
metropolitan area. This slope map describes thatréd areas reflects the greater slope and gresn ar
reflects the lesser slope. It is shown clearlyhia inap, that Chennai has more than 80% of slofesser.
The slope is calculated for each pixels. The valfeslope of each cell have been extracted fomhéurt
analysis.

3.5 Change maps

Change detection is the use of remotely sensedeimayj a single region, acquired on at least tweslao
identify changes that might have occurred in theriral between the two dates. This study deals thigh
urbanization on LUCC, therefore the change from ghdand to Cropland, Roughland to Urban and
Cropland to Urban are created. And it has beenddbat the change from Roughland to Urban is miuae t
the change from Cropland to Urban.The results efdilange maps and graphs says that, the change from
Roughland to Urban in the period 1989 to 2000 isi7%as been increased from 7% to 9% in the period
2000 to 2012. And as an average there was a cludrigi® from Roughland to Urban in the period 1989 t
2012. The change from Cropland to Urban on theodetR89 to 2000 is 9% it has been decreased from 9%
to 5% in the period 2000 to 2012. As a averageethes a change of 13% from Cropland to Urban in the
period 1989 to 2012. It says that there is alwaysnarease in change from Roughland to Urban. But i
change from Cropland to Urban there is some iner@aghe period 1989 to 2000 and some decreas®in t
period 2000 to 2012. The percentage of change fRmmghland to Urban is more than the change of
Cropland to Urban. And there is a minimum changenfRoughland to Cropland.

4 ANALYSIS OF LAND USE/COVER CHANGE (LUCC)

4.1 Analyses on Net Change and Transition Probability bLUCC

An important aspect of LUCC study is to addresstthasition “from-to” processes information of each
class over a certain period (1989 to 2000, 200202 and from 1989 to 2012). This can be foundhey t
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Net change matrix. These Net change matrices dcallaged from the Cell count matrix. The cell count
matrix states, “The diagonal elements representiba of each class which remains unchanged wtgleff
diagonal elements represent the changes area’C&h€ount Matrix has been shown in Table 3.

2000 2012 2012
1989 Water Roughland| Cropland  (Urban Grand Total 1000 2012 Water Foughland|Cropland |Urban Grand Total 1989‘01‘ Water Foughland|Cropland |Urban Grand Total
Water 32379 37106 238351 5943 99281/ |Water 33843 5836) 14505 11277 65481 [Water 62574 2587 16507 17613 99281
Roughland 12425| 203195) 177152 126481 519233| [Roughland 61734] 107100 53200| 141544|  363668| [Roughland 40459] 132052 144381] 202361 519253
Cropland 17186|  97695) 238985 147984 501830| |Cropland 20173|  44504] 273264 110744  458685] [Cropland 25150] 52195 230069) 194436 501850
Urban 3401 23672 18697 166754 214614) |Urban 9369 44716) 75931 317128 447164/ [Usban 5936]  15342] 26033 167283 214614
Grand Totall ~ 63481) 363668) 438685 447164] 1334998| |Grand Total]l 134118] 202176] 417010 3581603]  1334098| [Grand Total] 134118] 202176] 417010] 581603 1334998

Table 3: Cell Count Matrix between 1989, 2000 and2201

Now using these cell count matrices, the Net changé&ices are calculated. In this study the Wader i
omitted because there will be only minor changespba in Water. The Net Change Matrix is calculdted
other three classes( Roughland, Cropland and Ur@dm® Net Change Matrix is calculated by subtragctin
the earlier year to later year, such as subtra¢ctiagCropland to Roughland in the year 1989 witbptand

to Roughland in the year 2000, and entering thaltresthe later year. It has been shown in Table 4

2000

198 Water  |Roughland|Cropland |Utban | Grand Total :DDD:DD Water  |Roughland|Cropland |Urban | Grand Total lm:ou Water  [Roughland|Cropland |Utban | Grand Total
Water - - - - Water - - - - - Water - - - - -
Roughland - 203193 79437 100809|  383461| [Roughland - 107100 8786  96828|  212714| [Roughland - 132052]  92186] 187019 411257
Cropland - - 238085) 120087 368272 | Cropland - - 13264 35793 309057| |Cropland - 230060 168383 308452
Utban - - 166754 166754| [Urban - - - 317128 317128 [Urban - - - 167283 167283
Grand Total 0| 203195) 518442] 396830  918487| |Grand Total 0] 107100] 282050] 448748] 838899 |Grand Total o] 1320:2] 322255] 522685 576992

Table 4: Net Change Matrix between 1989, 2000 ari@ 20

Transition Probability Matrix describes the probhidibis of shifting from one state to another inynamic
system. In each row are the probabilities of giiffrom the state represented by that row, to thercstates.

The Transition probability matrix is calculatedrfrdhe Net Change Matrix. The Net Change of eactsdia
divided by its total change and it has been donalioclasses and it makes Transition Probabilitgach
class. This Transition Probability Matrix is usedfind the probability of transition of each clas8s said
earlier, this study concentrates only the transifiom Roughland to Urban, Roughland to Cropland an
Cropland to Urban. The Transition Probability matras been shown in Table 5.

2000
198 Water Roughland|Cropland  (Urban 20007[]12 Water Roughland|Cropland (Urban 1080 2012 Water Roughland |Cropland |Urban
Water - - - Water - - - Water - - - -
Roughland - 0.5200 0.2072 | 0.2629 | |Roughland| - 0.5035| 00413 [ 04552 | |Roughland - 03211 02242 04547
Cropland - - 0.6489 | 0.3511 | |Cropland - - 08842 | 0.1158 | |Cropland - - 05774 [ 04226
Urban - - - 1.0000 | |Urban - - - 1.0000 | [Urban - - - 1.0000

Table 5: Transition Probability Matrix between 192000 and 2012

4.2 Analyses on Neighborhood effects of LUCC

There are many factors which influence the LUCQ,ibuhis study it focus how the neighborhood hasrb
effected the LUCC. This analysis has been donéhiee periods such as, 1989 to 2000, 2000 to 20d2 a
1989 to 2012. The analysis is done for the cellcWwhiepresents Roughland and Cropland. For the @gth
of Roughland and Cropland, the neighborhood cell&lbeen counted for all classes, except Water.

The consideration is to find the changes of eaabscbetween each period but the class water arahldie
omitted in the consideration. It has been checkedfch cell surrounded by its 3 surrounding detdm
each side.It can be said as the neighborhood ltatireen found for 7*7 matrix or neighborhood catige
K= 3. This has done using a VBA program. After dingpthe neighborhood cells, Urban Ratio is calmda
using the simple formula.

. wU

T
U7 HCH+ #R+ #HU

u
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u: Urban Ratio during T at cell i

#U: Count of Urban cells in the neighbor during T
#C: Count of Cropland cells in the neighbor during
#R: Count of Roughland cells in the neighbor dufing

Urban Ratio states that the possibility of charg&itban due to neighborhood. After calculating tthrban
Ratio, Transition Probability has been found. Fxeiraple, Transition Probability for Cropland to Unbi
shown in this formula.

TP! = ﬂ
U #CC+ #CU
TPijT: Transition Probability of Urban
#CU: Count of cells from Cropland to Urban
#CC: Count of cells from Cropland to Cropland
Transition Probability ratio is calculated with pestive to the Urban Ratio and Change Ratio. Tmeenlay

itself defines that the Transition Probability Ratif Neighborhood effects states that the proligibdf
transition for Urban Ratio.These are shown in ttagly for three periods.

Transition Probability (a)1989 to 2000 Transition Probability {b)2000 to 2012
1 — 1
08 as
0.8 // /____ 08
0.7 0.7
0.6 / I-—.-..‘.-"_ 06 ———, / Roughland to
05 / / Roughland g5 ___,...---""""'—‘F __ Urbanor
0.4 / / to Urban or 04 /""_’ - — Cropland
0'3 // Cropland : - __.______..._--—-—-"__ Cropland to
) 0.3
/// ____ Cropland /"'"_ Urban
02 Cd to Urban 02
0.1 0.1
0 T T T T T T T T T T 1 0
3RS AN AN By @y v AN g oy Ay UrbanRati T AN AN A B A8 o W™ @h  on _an UrbanRati
MRS O SO A AR RO SR
ST e 97 @ 07 @ 9 e B et et e 9 o7 9 e e ¢
Transition Probability (c)1989 to 2012
1
08
08 __—_//
07  —
06 M Roughland to
’ /‘/_:.-/ Urban ar
a5 -
/ Cropland
0.4 -~ Cropland
03 _to Urban
0.2
01
o

IOAY AN A By ey By AN @ oh a i
& Q'_» 0'} ﬁ"_’) o Q‘_: 0‘_0 0’_\ Q‘b 99 q"\ Urban Ratio

by L} by by % by by
N R R RS R N

Fig. 5: Relationship between transition probabgihd urban ratio for three periods

The Fig. 5 shows how much are the possibilitiexidinge to Urban due to the neighborhood effects.
Transistion Probability has been found with resgectrban Ratio. In the inner ring from the city,is
covered by Cropland from 1989 and the outer rinthefcity is covered by Roughland.

From the analysis in 1989 to 2000, there is higimdition probability of Cropland to Urban, becatise
Urban growth has been towards south west, anddgsdrown in inner ring from the city.

But in 2000 to 2012, the Urban development was tdsvdhe outer ring, so the high concentration of
transition probability change from Roughland to &b
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4.3 Analyses on Slope Effect of Transition ProbabilityRatios for Urbanization

This analysis is to find how slope has been aftethe LUCC. Using the surface analysis tool in A @&e
degree of slope for each cell of Chennai has beknlated.

It has been found that Chennai has the highest shep49 degree. Here the consideration is to fied t
probability of change between the Roughland to @mgh the Roughland to Urban and the Cropland to
Urban for three periods is calculated.

The slope has been separated into 13 intervals.ed&ah interval of slope the count of each classh®en
calculated for each period. Net change has beamdffnom the cell count matrix. Transition probalyilof
each class has been found from net change witle glffpcts as considerations.

qiTj (s): Transition Probability from i to j during T undslope degree SqiTj (s) is defined as a stashap:
function of slope degree s. slope degree s havetd®als.

Transition Probability has been calculated withpees to the slope modified functions. Then finalhe
relationship between the Transition Probability atape has been calculated and shown in the gfaphs
each period.

Transition Probability (a)1989 to 2000
b)2000 to 2012
0.4 Transition Probability { }
0.35 06
. —  — }7L 0=

—— Rough to 0.4 ——Rough to
02 - — Cropland Cropland
03 roplan
015 Rough land to
Urban 0.2

——— Rough land
to Urban

0.1

Cropland to
005 Urban 01 Cropland

0 _— - 0 /——_""'_"‘"---—--——-.__ . to Urban
O S S N - I RICA Slopein DA D DS S ALD DS DS sl
R L T i A S O BT @Y et AT @ oY A L opein
N NN e N @@\.}W\.}h Degree RN S R \8\‘9\\?5’ Degres

Transition Probability (c)1989 ta 2012

a5

0.45 S— —_—

04 —— ——

0.35 —

03 o Rough to
0.25 — Cropland

0.2
0.15
01
0.05
a

Rough land
to Urban

Cropland to
Urban

SN AN AN BN N @y AN gh on L @3Y AN oy oy Slopein
AT A S AL P A A R ) P
ST O T 8T T O B o a6t

WM W \\.}\.\,\»}, Degree

Fig. 6: Relationship between transition probabiitd slope for three periods

The Fig.6 shows the relationship between the piiityabf change from Roughland to Cropland, Rouglda
to Urban and Cropland to urban to the slope sldfgetemodified functions. While seeing this grapthas
been clearly understood that slope and probalmfitghange to Urban are inversely proportional tohea
other.There is high transition probability from @land to Urban in 1989 to 2000, because theresgsdope
in the inner city when compared to the outer riragrf the city. However from 2000 to 2012, Roughlhag
the high probability to change to Urban becaudberperiod of 2000 to 2012 the transition has dorwuter
ring that is covered by Roughland.

5 URBANIZATION SIMULATION OF CHENNAI METROPOLITAN ARE A TILL 2024

5.1 Model and System Structure

This simulation is a Monte Carlo model by considgmeighborhood effects in Cellular Automata model
The model especially predicts the LUCC for futwent the past data of 2012. This model predictgHer
year 2024 of Chennai metropolitan area. Three nfajctors has been considered in this model. They ar
neighborhood effect, slope effect and other effggispulation, road effects, and other factors). The
neighborhood effect states the transition probigbaith respect to the neighborhood cell range K. T his
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is as same as the analyses which have been dtme pnevious chapter. The slope effect stategémsition
probability with respect to the slope in degreee Dither effects have been considered as randowr fiact
this simulation. As this study is based on the nization on LUCC, this model only focuses on thevgh

of Urban from Roughland, Urban from Cropland andpland from Roughland. Water and Urban are
ignored because there won'’t be huge change froge tto® to Urban.

5.2 Trend case and Implications

The Land Use/Cover map of 2012 has been preparétd@lS. The slope map was also prepared in
ArcGIS. Both are combined and the output of thesth lis taken as input for the simulation.Here the
simulation is done from 2012 to 2024 under congsidethe current trend case.

This simulation is a Monte Carlo method by consgitgmeighborhood effects in the Cellular Automata
analogy. Transition Probabilities are given asofeh.

q} () * 1} (W

transg

T _

T: Period (2012 to 2024)

PijT: Transition Probability for i to jusing T

qiTj (s): Transition Probability from i to j during T undsiope degree s

ri? (u): Transition Probability from i to j during T undeirban Ratio u

transg: Base Transition Probability Ratio fromitojthg T

Legend
| I
l:| Roughland
I crostans
- Urban

0 25 5 10 15

20
[=— Kilometers

Fig. 7: Forecasted Land Use/Cover classificatioddp4 in trend case

This simulation result shows how the city will e 2024 of the study under current trend. The resfult
simulation shows that the Urban has increased #4% to 74%, Cropland has decreased from 31% to 11%,
Roughland has decreased from 15% to 9%. Here snsimulation the water is not under consideraton s
there is no change in Water. The Urban is growmghe south west direction. This simulation is é&du
based on only two main factors that are the neididmd effect and the slope effect. Even though this
simulation is simple but it warns that such kindudban sprawl needs to be controlled based on pwditan
planning. The planners must avoid wasteful landsaorption. Policy simulations through the revisiom a
elaboration of the model are hopeful for plann&ve. illustrate that they planners can using theadiof
simulation methods for future.
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6 CONCLUSION

We reported a series of data works on Land UsefCGWange in Chennai, at three time points of 1989,
2000 and 2012. As the results, first we had idetihigh-performance classification on Land Usekov
with overall accuracy of 0.87 and Kappa coefficiagt 0.82. Then we had examined the transition
probabilities of Land Use/Cover and had found hbtheffects of neighborhood and slope for urbaitinat
These facts should be emphasized. Analyzing th#set® lastly we had also tried a simulation i th
current trend case. The result of the simulatioowshthat there can be seen 30% increase of Urlzhaiza

in 2024. Validity checks and policy simulations m@mthe further works.
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A Smart Researching and Planning Tool for the Neurlgic Urban Zone: 3D-ZPA
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angelika.psenner@tuwien.ac.at)

Fig. 1: series of images showing ground floor fasadf a Griinderzeit-street in Vienna’'s 9th distéid®senner

1 ABSTRACT

There is a strong and direct relationship betwerraru street space and the structures and usesof th
buildings’ ground floor. When addressing urban dewment issues the necessity to consider the
“StadtParterre (street-level-environment)—a holistic urban zook public, private, and semiprivate
spaces—must therefore be emphasized. In consequenceptit@l representation of Vienna’s street-level
environment 3D-ZPA is covering bothbuilt-up andnon-built-up areasit includes the street as well as the
adjacent houses and yards.

Vienna's official digital map serves as matrix wdehe individual ground level plans of the flanking
buildings is set in—both historical plans and mestent conversion documents are taken into acceont,
that the morphological evolution of the street-laégaeflected. Given the importance of ceiling dndlding
heights the plan is elevated into thieird dimension which marks the major distinction from the
Comprehensive Ground Floor Survegsginally carried out in the 1960ies (MuratdZaniggia).

3D-ZPA differs in precision and scale from the currerttisgs of 3D city models that mostly render a
distant bird’s eye perspective and that by simplgveing the external building perimeters do not mevan
objective representation and description of thg'iinterior structure 3D-ZPA precisely represents the
buildings’ ground floor; the areas above and bedwe generically outlined as a rather simple cubiciah

so that street profile and day light situation lea jfround are reflected.

3D-ZPA vyields information about a building’s spatial afuhctional relationship to public space and
topographical environment; qualitative statemeats loee made concerning use, use-frequency and itgtens
It facilitates conclusions regarding use-potemiathe ground floor zone and places structural fions of
the street spacen relation to it. Interrelations can be identifjeproblematic situations considered and
resolved in context; thudD-ZPA is providing a fundamental tool for planniagdresearch.

1 ST OF R Ty =10 Y WG

Fig. 2: 3D-ZPA © Psenner, pilot test: images of 3fleZPA
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2 INTRODUCTION

2.1 Actual Urban Situation

Vienna's urbarstreet-level environmertrisis is a key focal point of the city’s urbarsearch and for its
administration. Although the rapid population growitip to twenty thousand people per ypaas created
an urgent need for additional (living) spaaground floor vacancies are still spreading. Gndther hand the
environmental impact generated by individual matedi traffic has become so critical that it can oagler
remain a secondary debate. The current mono-staldturm of street space use—while understandable i
terms of its historical evolution—does not do jastio urban space with respect to the public good.

We are still a long way off understanding streetaasultural good, as “lived space”, but the signs a
favorable for reaching a major turning point: inmpairban centers, individual motorized transit resched

its maximum capacity; environmental issues haveeghprominence and can no longer be relegatedeto th
background and recent economic and financial crises have figati on the weaknesses of the current
world economic system—a system that largely relf@sn resource-intensive forms of mobifity.

- 3 s s
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Fig. 3: ground floor vacancies; urban open spairegily used by the automobile, © Psenner

2.2 Research Questions and Objectives of the Project

In Vienna and several other European cities, tteestevel environment requires increasing attenitiothe
form of urban research and administration. Thiglig to an increasingly problematic rate of vacaoicy
underuse of the ground floor, while rapid populatispowth makes the search for additional (livingdae an
urgent matter. Given current conditions, this pagiah growth over the next several years will akssult in
a further increase of car ownership and a conse@uaglitional need for parking space.

Living space created by rooftop conversions is tpastcompanied by a sealing of the street-levekzés

a result, no additional living space is actuallgated; the city merely moves upwards by one fladrich
leaves behind a detrimentally affected and depdogdil@ublic space. This develop-ment will ultimately
render an already precarious urban environment evga unsustainable.

! vienna’s Planning director, Thomas Madreiter, etpg@opulation growth on that scale.

Z The additional requirement of housing space cabeoimet by using the city’s reserves of undeveldped alone,
therefore in addition to the existing major devehgmt areas, living space will have to be createdeinsely built-up
areas.

% Failure to meet the Kyoto protocol's climate puiten targets for greenhouse gas emissions in 6@8-2012
commitment period will cost Austria 160 million Ex; an amount that the Austrian environment mipigfiil have to
spend on purchasing emission allowances.

4 Cf. Candeias et al. (eds.), 2011, Globale OkonategAutos.
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Fig. 4: Living space created by rooftop conversiisnsften accompanied by a sealing of the streadtizone. As a result, no
additional living space is actually created, thg nierely moves upwards by one floor. © Psenneréuéb

The reasons why our cities have been converteccantdriendly milieus are certainly known:
e the car industry’s powerful lobby intervened inificé from the very beginning;

« the modern era’s guiding concept of separate uitrastions (living, working, recreation) eventually
increased the volume of traffic;

+ the suburbia movement, originating from econorfijdaktical but also militafyconsiderations, has
lead to a swift development of road infrastructareutlying urban areas.

Nevertheless, we are aware of historical photogragfhour urban streets that indicate a differeighlly
diverse structure of uses:

38

Fig. 5: Vienna, Mariahilfer Strae 1914 (Sinhubtr$pf 1992: Wien. Metamorphosen einer Stadt; p§)18

F o T

We also are familiar with images of megacities fsas metropolitan Tokyo with its 35 million inhedoits)
where streets, in spite of an enormous volumeaofsit, are understood primarily lagng spacerather than
as traffic corridors (see Krusche and Rost, 2010).

-

Fig. 6: street view in Tokyo City centre in the magon a workday, © Psenner

It is necessary to examine the issues concernasfttéet-level environmentin Vienna. That is, to consider
the facts from the perspective of the urban systéeh identify ways in which architectural and urban
research might contribute to understanding thetiagigroblems. Experience has shown that a netwdorke

® In this context, reference must also be madederdtleas, like Garden City, Ciudad Lineal, The &edsts, Radiant
City, etc.

® Cf. Lewis, 2004.

" Cf. Plunz, 1990: 278f.
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transdisciplinary perspective holds the greatetri@l. In order to successfully address publ@cspissues,
this study emphasizes the necessity to considestthet-level environment as a whole, rather tloaading
exclusively on certain parts of in.

2.2.1 The “StadtParterre”

The street-level environment conceptefers to the city’sParterre” as a holistic urban system: it covers
both built-up and non-built-up areas. Thus strgetund floor and courtyard are treated as entitythat
interrelations will come to light. We perfectly kmdhat the potentials of ground floor use and tinecture

of the correlating public street space are direetlgted to each othér.

2.2.2 Research Field

In order to narrow the field of research and renidlen specific terms, this study will focus on the
Griinderzeit GZ period structuré® The urban structures that emerged in the peritddsn 1848 and 1918
were laid out on a strict grid and to this day esgnt a large percentage of the entire urban steugtith
one quarter of all apartments in Vienna locatedsih buildings™ Furthermore the project will focus on
residential streetsin the first place—as they are the ones that se fanlike shopping streets or traffic
roads) have been neglected from science and adratios.

2.2.3 Research Questions

Since urban maps usually end at the building peeméttle is known about the interrelations bedwebuilt-
up structures, ground floor use, and street usbatplanning spares little thought for what reailites
place inside the buildings lining a stréefThe proposed study is therefore concerned withfdlewing
main questions How did the GZ-ground floor in residential stie@tork originally (during GZ period)?
What are the (historical) interrelations betweehlioispace and the life inside buildings?

The study is also dealing widecondary questiondike: Is it possible for a street-level environrhémat no
longer serves any vital function—where storagelifas, supply rooms, garbage collecting areasages
and parked cars are taking over—to appeal to patemsers? Which architectural and structural
interventions have a positive impact on the sti@atl environment?

2.2.4 Objective of the Study

The objective of the present study is to both retrieve and gdeerelevant data in the form of a 3-
dimensional comprehensive map of the street-lemelr@enment (as described in the methodology section
3D-ZPA). Only when such data is available can assiohs regarding the interaction between the ground
floor and street space be drawn. This morphologicalysis of the urban street level is intendegigdd
strong arguments in support of a—possibly radica&thinking ofstreet space usas well agyround floor
architecture

8 See Psenner 2004: In identifying criteria of pptiom in public space, | focus on architecture ae#ermining factor.
In the process, the interrelations between stpmstesand buildings move into the foreground.

° Detailed articles by the author on this issuenReg 2012b, 2011a, 2011b, 2005, 2004a

19 The GZ structure evolved as part of Vienna's urleapansion caused by 19th century historical anitiqs
developments as well as industrialization. An eraursinflux of new residents made Vienna’s poputatipow from
440,000 in the year 1840 to 2,2 Million (in 190&aking it the fifth-largest city in the world. Tlaechitectural style of
the GZ period, widespread in 19th century centaloRe, was mostly an expression of the aesthetiesaof a rising
and economically powerful bourgeoisie.

11 238,100 out of a total of 956,110 apartments {SiatAustria et al. (eds.)Osterreichs Stadte in ZahleNienna.
2010: 98).

12 Individual buildings’ planning data, which holdsepisely the information that requires clarificatjids considered
being private from a legal point of view.
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3 METHODOLOGY: 3-DIMENSIONAL COMPREHENSIVE STREET-LEV EL MAP (3D-ZPA)
“ZUSAMMENHANGENDE PARTERRE-AUFNAHME”

3.1 Original Comprehensive Ground Floor Survey: 2-Dimersional (ZGA) — “Zusammenhangende
Grundrissaufnahme*

The original, two-dimensional comprehensive grotindr survey (ZGA, Zusammenhangende Grundriss-
aufnahme) derives from studies on the relationdepween urban morphology and the typology of
buildings, such as carried out by Saverio MuratorVenice, and Gianfranco Caniggia in Florence and
Como. Subsequently, Swiss architects and histonigitized such morphological studies: In the 1960s,
architects in the Tessin region initiated an ineentthat was continued at the Swiss Federal Instiaf
Technology (ETH) in Zurich in the 1970s, and maddher progress when a comprehensive survey of
Zirich’s urban core was conducted under the divaatf architectural researcher Margareta Péfers.

A simple cadastral magKatasterplan)or the multi-purpose map in use in Viendehrzweckkarteghow
only the perimeter of the buildings; they do noobwde a sufficiently objective representation and
description of thenterior structureof the city. A comprehensive plan ZGA of the grddtoor level yields
information about a building’s relationship to piabpace and the topographical environméntisualizes
the interrelation between the interior life of im@tlual buildings and the public street space sunding
them. The comprehensive plan of tlggound floor level together with the comprehensive plan of the
basementevel (very often ZGAs cover different levels, rtipsground floor, basement and standard upper
floor*) are consequently used to examine the relatioreshipng buildings, streets, and yatts.

The present study’s primary objective is to repomland to model the three-dimensional sphere adirtiien
street-level environment (StadtParterre) in Vieriha.this end, the ZGA, described above, was deeelop
further into the so calle®D-ZPA (3-Dimensionale Zusammenh&ngende Parterre-Aufnatime

4, — f&hf/

? / "';
Fig. 7: 3D ZPA, pilot study, © Psenner

3.2 Methodological Adaptations to Relevant Research Fig and Research Questions

The existing digital multi-purpose surface n{&tachen-Mehrzweckkartehat documents detailed land use
for the entire municipal area of Vienna in a clgatructured rendering, serves as baseline seaitaf @his

13 Comprehensive ground floor surveys of the follapBwiss cities exist: Bellinzona, Zirich (old tow®55), Luzern,
Bern (old town), Solothurn (1900), Bern (old towB)el, Tessin, Zurzach, Le Landeron, Baden, Wil ®@& town),
Zirich (old town), Zirich (industrial quarter), 4¢h (Stadelhofer quarter).

14 Some ZGA also include a typological register, figarg the particular type of building. The registe based on
recurring elements of the ground floor, and itsrgetrical structure. Examples of scientific use @A& include
Georges Grosjean’s work, which proved a systenggpansion of the medieval city of Bern on the basiprecisely
proportional firewall intervals. (Peters 1999a, 154 metrological analysis of the ZGA Biel showdtht a supposedly
flat street facade previously had arcades on ittham face that had simply be closed at a latert o time.

!> The upper floors are of less relevance to thislysim as much as they mostly contain informationtoe inner
structure, or as Peters puts it: “the vertical yoitthe building” (Peters 1990, 30).

' The ZGA of of Ponticelli, a neighborhood in Naplaas also been complemented with an axonometit, pthich
however only shows the buildings skins (Fiorav&aitiggia: Progettare il Recupero, 1983; cited ianiGgia, 1986:
336 and 338).
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map represents a fundamental tool for planningyiging a matrix that is completed with ground lepé&dns

of individual buildings: original historic buildinglans, as well as archived building applicationd anost
recently authorized plans. Additionally, given thgortance of ceiling and buildingeights sectional views
are also retrieved. The plans and data—all archiaed/ienna building authority’s planning database
(Baupolizei, MA37)—are then reviewed, scanned,gateed, and processed.

In a next step, the official plans are verifiedste and adjusted where needed, in particular witjfard to
the actual use. Subsequently, any additional megpwork required in order to render a sufficierghgcise
plan must be identified. This process is ratherkantensive, therefore the most suitable/efficiéarm of
digital StadtParterre-mapping shall be identifidthe 3D-ZPA is a special form of a 3D urban model,
enriched with precise detailed StadtParterre-dadsaajusted to eye levé.

3.3 Work plan

This study is designed to address the followingotktical and historical information, fieldwork says,
and comparative analyses. The research projeemdetl as an iterative process, will integrate wario
suitable scientific methods as well as the supétiposof the different facets and outcomes of thedg.
Therefore, the work schedule and timetable do dettify precise dates: project work is overlapping;
accordingly the four work packages are to be seenastly running in parallel (see the flowcharbals

4 PILOT STUDY

The 3D-ZPA method is being used, tested, and dpedldurther in a still on-going pilot project corutied

by the author and partially funded by two sciensearals granted to the author in 2012 (“WKO-
Wissenschaftspreis” sponsored by the Economic ChambVienna; and the City of Vienna’s University
Jubilee Award). So far the Vienna street level mmunent has been explored by means of an exemplary
street in the 9 district: theRotenldwengasseThe street—an archetypal Griinderzeit-structureseen
totally rebuilt in the late 19century.

F. 8: 3D ZPA, pilot study, © enne

The preliminary work covers an in-depth historiqpagach (theoretical treatise on historical use and
street- and building laws; cf. Psenner 2013, 202P42b). The elaborately research#dgraphy of the
streetincludes detailed information on its outlay (geqdmng spatial and urban planning), the architectural
building development and the precise developmenth®fuse of the adjacent ground floors and basement
(trade, crafts, industry, housing, etc.)

II I |IE AW Il

Fi. 9: 3D-ZPA © Psenner, pilot test: facades andlimination by night
The preliminaries also cover an in sight field stadl theactual state of the street-level environment: What
exactly is going on behind the walls and how dbésuse affect the public space of the street? \Whalt of
work places can be found there? How is illumindtise frequency by night?

Y The current settings of the 3D urban model masthder a bird’s eye perspective. Unlike this, 3Digational tools,
such as used by taxi drivers, or Google Earth SWémwv, adopt an eye-level view. The navigatior@abls currently
available offer no real 3D representations anceadtproject photographs on 3D urban structures.
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The modelling is done with Autodesk Revit® softwdrevhich is specifically built for Building Informatn
Modelling (BIM) and which allows a coordinated andnsistent model-based approach. Revit supports
easily controllable transparency and fade-in/-dteots based on flexible keys for all objects. Tgreund
floor is rendered accurately in every detail; whereaggéstructural data, such as weight bearing elésnen
(outer and main interior supporting walls), accessts (stairways and corridors) and the facaderiom
axes) provide sufficient data regarding #tandard upper floorsunless they are directly connected to the
ground floor (same procedure concerninglibsement The three-dimensional representation of thig d&at
processed with further facts in order to enablimg 3D image to yield information on the use of spéhat

is: is it living, working, or storage space, aresgarking there? What is the frequency of usg?).

‘ b o . - @
Fig. 10: 3D-ZPA © Psenner, pilot test: axonometriémage (detail) of the 3D ZPA model, showingf;I the guond
floor

The axonometric imagef the 3D ZPA model is considered being a valudbien of representation. In a
further processing it includes basic information gmound floor furnishing (features like cars/ daubl
parkers). It also will identify intensity and forre§ use (usingolor codessuch ased for semipublic spaces
and spaces with high user frequency, such as sffisleops, coffee houses, studiosange for housing;
greenfor garages and storage spauag for vacancies, and so forth).

Fig. 11: 3D-ZPA © Psenner, pilot test: perspectivanage of the 3D ZPA model
The area above and below the ground floor is byoadtlined in aVolumsmodelwith basic data on statics
and site infrastructure. Hence, the street pradite the illumination of the ground floor and strémtel
become readable. The facade is interpreted asraepbte interface between building and public space.
(Information on the formal design of the facadavailable as an option.)

5 PRELIMINARY RESULTS/FINDINGS

The spatial representation of Vienna’'s street les@dironment (StadtParterre), including all additib
relevant data on the ground-floor, facilitates dosions regarding the (use) structure and the (ops&ntial

8 Revit® is a single application that includes featufor architectural design, MEP and structurajimgering, and
construction.

9 A further development of the 3D-ZPA will also cairt information about ViennaStadtstrukturplana planning tool
that identifies some pedestrian-sensible data,fikéleged buildings, relevant view axis, approai® indications on
intended ground floor usage (shopping streets).
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of the ground floor zone (for example, illuminafjaand places the uses and functions ofstineet spacén
relation to it. Thus, interrelations can be idaéatfand problematic situations considered and vesoin
context.

S
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Fig. 12: 3D-ZPA © Psenner, pilot study: imageshe 8D ZPA showing different street views in Vierméth district

5.1 Importance of the Expected Results for the Disciptie

This study aims to map and clearly describepgbtential of the street-level environment—by inter alia
thoroughly analyzing its past development. Theustauo is not satisfactory: moving and stationaafic

render the ground floor unappealing and not usfdsl¢he public; ground floor vacancies augment arel
consequently converted into even more parking spadwaus, the city migrates upwards: attics are eded,
rendering the illumination of the ground floor ev@re precarious. It must be expected that thenznltde

will also ultimately overtake the first floor. Thimbalance is mirrored in new constructions: resiidé
buildings often rest on stilts, with use beginniogly at a certain height. This study will provideet
necessary data, analysis, and argument requitedhigp urgent change to the existing paradigms.

Wy
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Fig. 13: 3D-ZPA © Psenner, piIot‘ study\

One significant prerequisite of successful reguiatmeasures in urban planning, administration, and
economics is a solid and detailed knowledge ofaitteal architectural structure, current use—anega!
use—of the street-level environment. The three-dsieal comprehensive street-level n&p-ZPA will
realize this information in an easily accessible &tally contextualized form. Thus, the potentiélthe
street-level environment will be clearly identifieechd can successfully inform urban planning (thgain
focus being on Vienna’'s GZ neighborhoods).
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Given the complex micro-analytical capability o€ BD-ZPA, it will be possible to document vacancies and
street-use issues in various neighborhoods andchatyze the contributing economic, traffic and sbcia
factors. The systematic 3D-mapping of the builtstnoicture and inventory of the historic, the actad the
potential ground floor uses will provide a basis ffleveloping long-term views of Vienna's streetdev
environment, practical guidelines for future intmtions in various neighborhoods, and for the design

of individual street complex&8.

Expected Benefits:

(1) Using the 3D-ZPA tool, the study will visualizbe (historic) interrelation between street spand
ground floor use over time. Thus, existing discrees will be identified between the private usesioéet
space and the public’s interest in the offeringthefstreet level environment.

(2) This transparent and objective form of visuatian of interrelated functions provides a sourglarent
capable of inciting to action the stakeholdersdmaistration and business.

(3) Concrete improvements in the urban street-leaglronment can be planned and realized.
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1 ABSTRACT

This paper explores a new neighbourhood model thighprimary school district. This scale is well o

as Perry’'s neighbourhood unit theory all over therlédk So, this paper deals with (1) the spread and
familiarity of Perry’s theory especially in Islamjdanning context; (2) spatial analysis of currarban
neighbourhoods in Kabul City through a survey istrict nine; (3) measurement of densities on pdjmuia
dwelling unit, household, and pupils in the casadgtarea, and (4) visionary proposals on urban
neighbourhood models based on several scenaribe imear future and its implications.

The findings are: (1) Gozar is an institutionaliZeddamental element of the city governance bodyahul
City; (2) there are wide ranges of spatial sizes @nisions of Gozars; (3) ‘Urban Gozar as an eletal
neighbourhood organization in the modern senserigifig through transformation; (4) the neighbouxhoo
unit of Perry can be an appropriate urban concepufban neighbourhoods in Islamic cities and towns
specially Kabul City.

2 RESEARCH BACKGROUND AND OBJECTIVES

Kabul City, the capital and the largest city of Afmistan is facing a chaotic urban expansion, widch
caused by the migration of refugees from the oatsicka of the city during and after the civil wada
destruction. This is slightly different from theptgal urbanization process in developing countri€ke city
that was planned for two million population in 19H&s recently estimated around five million. As fo
visioning of the reconstruction of Kabul in a Le&sveloped Country (LDC), not only the physical esp
such as housing supply, infrastructure developraadtso on are to be examined, the social aspedtsasu
compulsory education, social solidarity establishtrend so on are also to be examined sufficiel®th
issues, especially the latter issue closely coscirthe urban lifestyle of Afghan citizens on thein ways.

From such a perspective, our research interest community design in an Afghan way. We focusestliir

on ‘Gozar’ as a neighbourhood organization. Goga traditional district unit organized around meess)
which take important placement/ locations, anddspspular in surrounding Islamic cities and towns.
However, findings from our survey in Kabul showttliB) it is institutionalized as a fundamental edgrnof
the city governance body; but (2) its activity itstoes not fully depend to the religion; and (Bgite are
wide ranges of spatial sizes and divisions. Thaggest that ‘Urban Gozar’ as an elemental neighimd
organization in the modern sense is forming throtrghsformation. However, the community design for
urban Afghan requires a comprehensive spatial atand

Concerning the requirement for a comprehensivaamstndard and the social requirement of compulso
education, this paper aims to explore a new spstaidard as the primary school district.

For this purpose, this paper addresses: (1) spatallysis of current Gozars through a case studsegln
district nine of Kabul City; (2) estimation of détmss on population, dwelling unit, household, gngils in
the case study area and; (3) visionary proposalsriman neighbourhood models based on several sognar
for the ultimate urban growth in district nine cabul City.

The visionary proposals are based on scenariothéopossible ultimate urban growth. For this puepos
firstly, the density (dwelling units per hectars)measured through sampling within the entire lajtyusing
aerial maps. Secondly, the measured density iseabfd the potential land for development (vacamid]
agricultural land) in the cases of well-plannedhwéppropriate density and unplanned as currentnurba
growth. Thirdly, the schools required for the pamre found in the cases of pupils’ full enrolmetio and
the pupils’ enrolment ratio as current. Finallyg theighbourhood models are proposed for the watinzd
and unplanned growth, in both cases of pupils’ lemeat ratio.
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3 THE SPREAD AND FAMILIARITY OF PERRY'S THEORY IN ISL AMIC PLANNING
CONTEXT

The concept of neighbourhood has existed sinceugeatago in different continents of the world @ar
2013). The planned residential neighbourhood prgbiatds its most complete description in Clarerce
Perry’s monograph, ‘The Neighbourhood Unit, a SaheihArrangement for the Family-Life Community’,
found in volume 7 of ‘The Regional Survey of NewrkKand Its Environs’ (Dahir, 1947).

Perry’s theory came in the first half of the 208mtury to give some standards and unified featirdhe
neighbourhood concept. As dimensions, number @hithnts, services and facilities included etc.

Perry’s neighbourhood unit dealt with matters sashransportation, open space, housing, and coremerc
The ideal neighbourhood unit was centred on an etany school and community centre, and bounded by
arterial streets. It is an effort to create a resitl neighbourhood to meet the needs of famiéy/ ik a unit
related to the larger whole, but possessing aidigntity characterized by the strictly local fat (Dahir,
1947).

In Islamic countries like in any part of the worttlere were traditional neighbourhood conceptsrgauize
the people’s settlement spatially, socially, adstmaitively and sometimes politically and econontycal
(Farah, 2013 and Secil, 2005).

In Uzbekistan it is known as Mahallah, in Iran aahdlleh, in Turkey as Mahalle, in Afghanistan az#&o
and in part of the Gulf region as Fareej.

Despite their different names, these neighbourhawveise all organized around a religious buildinge th
mosque and sometimes the church (Secil, 2005) rashddied a school, retail/shops/market, open spade a
spaces for the community, where not only the repredive of the neighbourhood to the upper
administration often met with the community to diss their daily matters and problems (Farah, 2048)it
played a political/juridical role as a decision-nmak place. It also represented a cultural/spatiad a
educational place, where women community was aksetimg.

Planning these traditional neighbourhoods andnggttip the optimal size and population, according to
institutions such as community centres or primanyosls, not only helped better performance of st
functions, but also reinforced much wider neighlboad functions such as social relation, educatiuhso
on.

Furthermore, with Perry’s theory the school repnésg the centre of the whole neighbourhood andhall
houses were built within a walking distance. Parmygighbourhood unit theory has been followed adro
the world, in particular with the advancement othteology, the economic development and the
modernization of lifestyle. The advantages of ttiieory are: the reduction of vehicles’ use, henice a
pollution and fuel consumption, encouragement dkalality, increase of the pedestrian’s safety dgrihe
trips between houses and school, increase of tbialslity among the inhabitants and for sure eake o
control and management of the urban development.

The 2030 master plan of Abu Dhabi in the UnitedbAEamirates, for example, proposed a model inspired
from Perry’s concept but based on the traditiomalrkti neighbourhood. The new model includes aetgri

of ethnic groups representing 30% of the inhabitdoalled expatriates) and 70% of the original bitzants

of the country (called locals) (Abu Dhabi Urbanritieng Council, 2007).

Therfore, one of the significant challenges ofiegghbourhood unit is to integrate different soeamnomic
groups of the society and many ethnic groups tegetince they will be sharing the same space#itits;
using the same routes, etc.

In our opinion, the neighbourhood model based amyRetheory can successfully play the role of abam
development tool in Kabul city, facing the uncoligd urbanization and the absence of an effectiaster
plan. Going back to the traditional neighbourhoadd developing it according to the needs of thehafy
people, their culture, their history and identigndoe an efficient tool to control the urban depeient of
the city and organize its urbanization.

Hence, this research comes to study and stimutegebést scenario for the neighbourhood model to be
followed in the case of Kabul city; this represdhis uniqueness and strength of this research.
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So, let us start by defining Gozar as the caseygifithis research. The term Gozar that literallyams pass

or passage traditionally referred to areas or dims where homogenous guilds or people with a commo
interest were lived. Referring to the literal mewniand common beliefs, Gozar might have been the
residences along a main pathway served by a masgutcal shops.

Gradually these homogenous vocational Gozars tvamsd into heterogeneous Gozars of having diverse
vocational groups. Besides, three factors causeditan transformation of Gozars go through a rfastd
different way; (1) the expansion of the city in Bpean style in the 20th century that resulted $atéss
segregations; (2) the expansion, according to theten plan of 1978 which resulted planned and umgie
segregations, (3) The recent three decades ofhaardsulted ethnicity and religious segregati¢h&RIB

and AKTC, 2011).

Gozars now are divisions of social classes, ettdciand settlement types. However, they are
institutionalized as sub-districts of municipal govance, represented by a representative whodtedlby
residents, approved by district municipality andesaed by police department (Kabul City Currentiusta
Report for Urban Development, 2011).

The boundaries are changed according to the ertensiurban land, migration of people, and upgrgdin
widening of roads that sub-divide the Gozars. Thenges take place by negotiations of represensatiith
the residents and adjacent representatives.

To determine the current functions of Gozars, dritbe@authors, had conducted a survey within fastridts
of Kabul city. The survey results show that thevactess of Gozar functions (governance, socialsighy
and safety functions) does not depend on urbanizatije or population size, but settlement typen(gd or
unplanned).

4 CASE STUDY (DISTRICT NINE)

In this section we try to devise the primary schdisitrict and adopt it in some scenarios, althotigh
primary school district is not yet set in Kabul.

District nine is chosen as the case area for thddiad analysis, for its location in the inner citgne of
Kabul, and having a variety of settlement types, Planned apartment houses, planned courtyarce$ous
and un-planned courtyard houses.

As for collecting the data, a site survey was dion2013. In addition, land use maps of JICA (KaBitly
Current Status Report for Urban Development, 2@ht) other web based maps were used.

N
N

/ N
AN

Fig. 1: The District map of Kabul City showing thase study area
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Fig. 2: The location map of District nine

4.1 Current status of district nine

District nine was originally all agricultural landxcept the western end that were developed irdatrapnt
building settlements according to the 1978 mastan.pThe agricultural lands still remain in various
locations of the district, which are rapidly anidgjally changing to residential settlements.

About 36% of the district land is residential lané\gricultural land occupies 20 %, vacant or baedl
occupies 12% and industrial land occupies 24% ef district land. The remaining 8% of the land is
occupied by some commercial or public facilitieattare located outside Gozar boundaries. [Estimatioe
made according to measurements on Bing aerial (2848 Nokia, 2012 Digital Globe)]

4.2 Features of spatial elements, in this case study

4.2.1 Gozar size and boundaries:

District nine is consist of 39 Gozars. The bouremdre mainly the main alleys, streets and rodus.sizes
vary from a minimum of 11.8 ha to a maximum of P1iia, but the average size is 43.1 ha. (Table 1)

Basic Area Area No. of Population | Density No. of
Statistics (Gross ha) | (Net ha) Households | (Net) (Net) Mosques
Average 43.07 32.63 571.00 5,938.40 181.99 2.26
Max 111.24 82.36 4,500.00 46,800.00 568.22 6.00
Min 11.84 11.22 77.00 800.80 71.35 1.00

Notes: Gross Area includes potential land for uikation (vacant and agricultural land)

Net Area is the residential area, including theetts and open spaces

4.2.2

Primary schools

Table 1: Sizes of current Gozars in district nine

There are 12 high schools and three primary schiodlsis district. Since higher-level schools operalso
lower level schools in Afghanistan, it can be ghit there are 15 primary schools in this district.

The results of the measurements show that pupéimum travel distance to primary school is 500m in
planned areas, while, in unplanned areas, thiartistexceeds 2000m.

For easier transportation, the schools are locatsdt main roads. Thus, the pupils must cross danger
streets and roads to reach schools.
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Basic ' Total' Enrolment| Area Area Population No. of
Statistics (Pupils) (Planned ha) (Unplanned ha) Households
Average 2,319.53 135.08 79.95 15,464 1,487
Max 4,326 251.93 149.10 28,840 2,773
Min 347 20.21 11.96 2,313 222

Area excludes vacant and agricultural Land, inciutthe streets and open spaces

4.2.3 Mosques

Table 2: Sizes of estimated primary school digrictdistrict nine

We cannot find the difference in the distributimfsmosques over planned and unplanned areas. Angord
to the site survey, there are 88 mosques in thisici

4.2.4 Other public services

Similar to schools, the other urban services ae ebncentrated in planned areas.

Unplanned areas lack proper open spaces for patkplaygrounds. Children often play in the allaysar
the main roads or at the vacant lands.

Residential Planned

Residential Unplanned

Commercial
77

Public and Semi Public
24 Industrial

—1 Agricultural

[ 1 VacantLand
®  Primary School (with higher school) =

> >

Parking
Market

Primary School (stand alone) /\/ Gozar Boundary
District Boundary

e Mosque

Fig. 4: Land use map of district nine

Commercial areas are mainly taking place alongntiaén roads, streets and alleys in both planned and
unplanned areas. They are part of Gozars, and ¢peegentative acts as the commercial area’s
representative, as well.
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For better access, it can be seen that some dailyssity shops are located in the vicinity of tbades, or
even they are part of some houses.

5 DEMOGRAPHIC ESTIMATIONS BASED FOR PLURAL SCENARIO

5.1 Estimating the ultimate population
To measure the population for the ultimate urbawgn in district nine, the following steps took péa

(1) Measuring the current number of dwellings: Total number of dwelling units was measured bydire
counting on the map (Bing maps: 2013 Nokia, 201d4itBli Globe). The result is multiplied by the numbé
persons per dwelling unit that is taken from trgufes by JICA (Draft Kabul City Master Plan, 2011).
(Table 3)

The population estimated in this step is used ascilrrent population for district nine in all fueth
calculations.

(2) Measuring the vacant and agricultural land sgapidly urbanizing lands): By using the Geolawat
function of AutoCAD software application, the are#re measured on Bing maps.

Demographic Indicators JICA 2011 CSO Measurements
on Map

Area (Km2) 25.5 - *35.8

Number of dwelling units - - 22,271

Number of households per dwelling unit 1.56

Household size (persons/household) 6.69 6.33
No. of persons per dwelling unit 10.4 -
Population (persons) - 250,100

* The gross area within district boundaries
Table 3: Demographic estimations for district nine

(3) Measuring the gross and net density: For meagtine number of dwelling units per hectare, 3bgas
having different locations were selected acrosscitye Those locations were sought that represaribus
densities.

(4) Calculating the number of dwellings for ultireatrbanized case: The average density found fér type
of housing is multiplied by the vacant and agriardt land.

(5) Estimating the ultimate population: The resfltstep four is multiplied by the number of persqes
housing or dwelling unit.

5.2 Measurement of school enrolment ratio

(1) To measure the current primary school enrolmatid, a school survey was done in district ninerg
2013 survey, from which the accurate number of Isupirrently attending school was received.

(2) The urban population of the age six to tweklvéound from the Afghanistan Statistical Yearbo@ld2-
13.

Current enrolment ratio Full enrolment ratio
Pupils' Enrolment Indicators according to school survey of | according to CSO
2013 (a) case (b) case
Percentage of pupil's population 15.0% 19.2%
Pupils' enrolment percentage 78% 100%
Pupil's number 34,793 44,471
Pupils' no. in each grade 5,799 7,412
Number of classes for each grade 145 185

Table 4: Estimation of pupils’ current and full elment ratio
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5.3 Scenario assumptions

Considering the urban growth as planned and unptarnend pupils’ enrolment ratio as full enrolle@{%
enrolled) and enrolment similar to current sta&enrolled), four scenarios are assumed. (Table 5)

Population growth in

full-built-up state Pupils’ enrolment percentage

A. Estimated population in well-
planned case [current population +
planned density x (vacant land +
agricultural land)]

a. All the primary school aged
children are to be enrolled in primary
schools (100% enrolment)

B. Estimated population in unplanned
case [current population + unplanne
density x (vacant land + agricultural
land)]

Aa: Scenario 1, Ab: Scenario 2, Ba: Scenario 3SBénario 4
Table 5: Scenario assumptions

b. Pupils' enrolment percentage to be
the same as current enrolment
percentage (78% enrolment)

[

Specifications Current State g?a)ltel:(llj:lllagﬁgz;]p g?azteF(lﬂlnp?:\:tr;gg)
Area 1,272.56 2,416.27 2,416.27
Number of dwelling units 22,271 34,863 43,544
Population 231,618 362,578 452,858

100 % Pupil enrolment ratio 44,471 69,615 86,949
€) Classes required 1,112 1,740 2,174

Classes required for each grade layer 185 290 362

Current pupil enrolment ratio (78%) 34,793 54,465 8,087
(b) Classes required 870 1,362 1,701

Classes required for each grade layer 145 227 283

* According to the Education Law of Afghanistane thumber of pupils per class is taken 40
Table 6: Comparisons between the scenarios andithent state

5.4 Vision proposals

To analyse the school coverage for the numberassels, three variations of schools are analyseeafcin
scenario.

5.4.1 Scenario 1

Scenario one, is assumed for the ultimate urbaoizah a planned manner of development and full
enrolment ratio of pupils.

The primary school district for each size of thba is found by the population, the number of lesuand
the area that can be covered. The density usethédomeasurements is taken as the current grosgyjens
which includes the roads and the open spaces.

The population varies by the primary school sizA. school size, having 24 classrooms, covers 5000
population. While it reaches 7500 for a schoat sithaving 36 classrooms.

The maximum travel distance is around 350m forsttf®ol size of 12 classrooms, 500m for the schael s
of 24 classrooms, and 600 for the school size afl@srooms.

Which travel distance can be the optimum traveladise for the pupils, and is it possible that e@clzar
cover a primary school district? To answer thesestjons, first the current average distance betwagn
roads, is measured by using aerial maps, and fieecutrrent Gozar sizes are analysed.

The current distance between most of the main roa#ésbul City is from 500 to 700 meters. Thusthié

school district area is considered as a rectanfjigremter than 700m x700m, there is the possibdity
interring through traffic in the neighbourhood. &w,the current road system of Kabul city, theesabption
for the primary school size in this scenario isphenary school of having 12 classrooms.
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. 12 classes 24 classes primary | 36 classes primary
Scenario 1 .
primary school | school school
Total number of classes 1,740 1,740 1,740
Number of primary schools 145 73 48
Primary school district population 2,500 5,000 7,500
Number of households 240 481 721

Primary school district area (gross h

Scenario model
Primary School
Mosque

Open Space
Shops

Main Road

jEpoe

800m v

Fig. 5: Vision models of school district Gozarsllfiiey school program) full-built-up state for fudhrolment of pupils

On the other hand, if we compare the school dissize to the average size of Gozar (43.07 ha with
estimated population of 4932), the 24 classroomalattistrict size is the most appropriate size.

Furthermore, Kabul Municipality tries to standaslihe Gozar size to 500 houses or dwelling unit(K
City Current Status Report for Urban Developmei®l ). It can be seen that the Kabul Municipality’s
standard unit size for the Gozar also fits the stustrict size of having 24 classrooms.

Thus, it can be concluded that the all-day-progpaimary school size of 24 classrooms or half-daygpam
primary school size of 12 classrooms is the mopt@piate size for the primary school district. 8 the
most appropriate size for the ultimate urbanizauwath full pupil’s enrolment ratio, according to ills

walking distance, the current road pattern of thg, the current Gozar size and the standard Geizar
recommended by Kabul Municipality.

5.4.2 Scenario 2

In scenario two (78% pupil’s enrolment ratio), #ehool district size increases for each school. siz&
school of having 24 classrooms, the populationhea®,400 and the number of households becomes 615.
The maximum travel distance becomes 500m. In thémario, the most appropriate size is the school of
having 24 classrooms. Thus, one or two Gozars eatpbinbined to make the school district Gozar cdntre
with a primary school of having 24 classrooms.

Scenario 2 12. classes 24 classes primary 36 classes primary school
primary school | school

Total number of classes 1,362 1,362 1,362

Number of primary schools 113 57 38

Primary school district population 3,200 6,400 9,600

Number of households 308 615 923

Primary school district area (gross h 84

Scenario model =

@ Primary School £ o4

QO Mosque § g

& Open Space S

B Shops

== Main Road

900m

Fig. 6: Vision models of school district Gozarsllffiiay school program) in full-built-up state fourcent percentage of pupils’

enrolment
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5.4.3 Scenario 3

Scenario three is assumed for the ultimate urb&arzan an unplanned manner of development and full
enrolment ratio of pupils. In this scenario, théaa size of having 36 classrooms makes an ap@i@pri
school district Gozar.

. 24 classes 36 classes primary| 48 classes primary
Scenario 3 .
primary school | school school
Total number of classes 2,174 2,174 2,174
Number of primary schools 91 60 45
Primary school district population 5,000 7,500 10,000
Number of households 481 721 962

Primary school district area (gross h

Scenario model
Primary School
Mosque

Open Space
Shops

Main Road

lmpoe

Fig. 7: Vision models of school district GozarslIffiay school program) in unplanned full-built-uate for full enrolment of pupils

5.4.4 Scenario 4

Scenario four, is assumed for the ultimate urbdioizan an unplanned manner of development, andhier
enrolment ratio of pupils same as the currenthis $cenario, the school size of having 24 or 38stiboms
makes an appropriate school district Gozar.

. 24 classes primar 36 classes primar 48 classes primar
Scenario 4 P y P y P y

school school school
Total number of classes 1,701 1,701 1,701
Number of primary schools 71 47 35
Primary school district population 6,400 9,600 12,800
Number of households 615 923 1,231

Primary school district area (gross h

Scenario model

@ Primary School
©Q Mosque

& Open Space
|

800

Shops
Main Road

Fig. 8: Vision models of school district Gozarsllffiiay school program) in full-built-up state fourcent percentage of pupils’
enrolment

According to the four scenarios shown in figure$,5/ and 8, proposals for school district Gozardde:

(i) centred with a primary school of having 24 sla®ms for a population of 5,000 to 6,400 in plahne
areas; (ii) centred with a primary school of havB¥gto 36 classrooms for a population of 5,0009t600;
(i) having one or two Mosques located at the memr each half of the Gozar; (iv) the boundar@ede
determined by the main roads, and the main roamsd&mot go through the primary school districts.

6 CONCLUSION

The results of the survey show a wide variety aksiof Gozars in Kabul. These suggested that ‘Urban
Gozar as an elemental neighbourhood organizationthe modern sense is transforming through
urbanization. This urbanization requires a compnsive spatial standard on urban neighbourhood.
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Therefore, a new spatial standard is explored iasapy school district and also adopted in scenauitder
assumptions of planned and unplanned developmeiftilf@nrolment ratio of pupils and current enreimt
ratio.

For this purpose, density, number of dwelling ynispulation and number of pupils are estimatedtier
ultimate urbanization (the current agricultural aagant land transforms to residential settlements)

For each scenario, three options of school distace assumed. Among them, the most appropriatelsch
district size is recommended by considering (i) pgils’ minimum walking distance; (ii) the curremad
pattern of Kabul City, (iii) the majority Gozar sig, and; (iv) municipality’s recommended Gozar .size

It is finally concluded that one or two of the @mt Gozars can be combined to make an appropaobt®k
district Gozar.
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1 ABSTRACT

A complex urban ecosystem, with various local ctenand air quality influences, emerges within urban
structures with interacting anthropogenic and ratfactors. These influences have different tempana
spatial characteristics. Human well-being is infloed by a multitude of microclimatic effects, whiale
elementary for urban planning. These form the bakistelligent control and design of various preses
within urban smart cities. For example, micro climanodeling helps to get a better understanding of
temperature changes in diverse urban areas. Rossibhbequences of different planning scenariosbean
explored in advance. The required data for suchas@®s are mainly collected at selected locatiops b
multiple individuals. However, the collection ofettomplete urban data is expensive and time comgumi
The non-standardization of data saving formatsraedsurement procedures leads to various deviations.
future, all relevant data of a smart city shouldavailable ubiquitously and in real time. The aiftlas
paper is to present a possibility of data standatitin and data saving in a worldwide accessibla Hase.
Furthermore, it should be addressed how the da@ Ibas to be structured, where local climate databe
saved, and how the data can be made accessibldatefor this system consists of the interfadevéen
the database and different measurement instrumghtsse values are stored directly in this data.biase
this reason, the data base is essential for theatelata infrastructure of smart cities. In adutitithis paper
shows how a freely accessible system not only inggcothe quality of urban life, but also makes it
measureable.

2 INTRODUCTION

2.1 Preface

In the course of human history, information and sages have been conveyed in many ways: e. g. oral
communication, gestures or pictures, written teatgustic or visual signals, and via wire or wissleThe
meaning of communication also differs in the wag thformation reaches the recipient Is the message
received directly? Is the message meant for a grgaiblic, or only for one individual? Nowadayse th
internet is a popular platform to receive, sendalyse, save and share information [cf. ALLBACH,
2010:3FF]. The human race is moving on from a “@Ghéeg galaxy” towards an “Internet galaxy” [cf.
CASTELLS, 2005:10]. Therefore, smart cities shoatatept and adopt the internet and networks with all
their information, knowledge and data, and use pbsitive aspects of those new technologies. “Urban
Sensing” is a modern and interesting method teecbtlata in smart cities.

2.2 What is Urban Sensing?

The so-called “Urban Sensing” is a new method kihtameasurements within urban environments. Human
beings as well as mobile technical devices cansee as probes [cf. CAMPELL, 2006:1FF]. In conneattio
with the Web 2.0/3.0, urban sensing is a new me&reollecting and analysing data. Information tisat
collected, both actively as well as passivelynises to carry a great potential, and offers newcss of
information for planning disciplines and climatojog o discover its full potential, there is a nded new
algorithms and programs, that go further than myepebcessing the input. So, three different sestinge
possible: Personal scenarios, social scenarioswels as scenarios concerning society as a whole.
Monitoring and analysing one’s own vital signs epdéfies a personal scenario. In social scenarios,
information is received by a (firmly) defined grooppeople and is processed via social networksdatal
services (e.g. Flickr). The scenario concerningetp@s a whole is open and involves the generalip(cf.
SRIVASTAVA; ET AL.; 2006:1F]. One of the biggesteangths of this new method of data acquisitiomés t
potential of monitoring large areas over a longqaeof time [cf. HOF, 2007:1]. Due to financialpests,
this is often impossible with traditional evaluatiand measuring methods. The omnipresence of mobile
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devices, which stretches all across geographiahld@mographical spectra, is important in orderadther
precise data.

There are already some projects trying to implemeridan sensing. One of them is “Noisetube”
(www.noisetube.net), which monitors noise levelmother one is “Waze” (www.waze.com), which
combines crowdsourcing, geotagging, traffic infotiora, and map services in real time. In the meatitine
“Pachube Project” was sold, renamed “Cosm” and twdiyre-entered the market as “Xively”
(www.xively.com) [cf. MACMANUS 2011]. “Xively” alr@ady owns many functions necessary for saving
urban sensing data, howeverthe development, abd#gsiand the strategy of private sector entesgsi
cannot be predicted. A system that records pulblia dhould also be a public and democratic system.

2.2.1 Urban Sensing Data

In any case, it is important to be note that th&adaollected in such an “Urban Sensing scenario” is
extremely diverse, which can pose as a problemrelie a plethora of probesbased all over the city,
providing a variety of data and information, afffeliing in quality and conformity. A suitable methto link
and blend this data is needed. blending and lindiatg is a sensitive topic, as it has to be ackedgdd that
data is available in a multitude of formats, i.e.heterogeneous, and will need to be converted danto
homogenous state. Especially temporal and locabifacare often sources of error when it comes to
analyzing and interpreting. This is caused by mesasent imprecisions. In order to save the datany a
given system, standards to convert in a homogefuwusat have to be defined. Indicators, includirmgnfi
defined names and notations, as well as their whiteneasurement need to be specified [cf. ALLBACH;
HENNINGER, 2013].

2.2.2 Why is an “Urban Sensing System” needed?

One could question if such a system is needed.ethdmternet technology, web services, data bases,
crowdsourcing are no longer ground-breaking togitsyever, even these allegedly “old-fashioned” ¢spi
are still immensely important and have evolved awere (Web 2.0/ 3.0). Furthermore, it is crucial to
observe and adapt them and to shake them up. Adaghigse topics needs special attention, sincetiadap

is often not as easy as it seems, and often reqairgreat amount of personal time and dedication.
Additionally, it needs to be noted that mash-upshwsynergies can develop between two separate
technologies, which do not necessarily form a nevemtion but perhaps a new application. Ultimaltéhe
hereby introduced “Urban Sensing System” offeragpmtential for urban sensing and the decodingp®f
relationships between city, human being and clim@tenatoligical and data of an individual’s vitsigns,

and other meta data is stored in a single systeictvigh accessible bi-directionally.

2.2.3 Communication — XML, TCP & UDP as standards for &hlsensing Data?

To ensure communication between single computetsirwa network and between different networks,
regulated standards are necessary. These staramngdell as the group of “Internet protocols” (TGP/I
protocol group/family) regulate the conduct betw#esm. For addressing online, an Internet prot@éylis
used, which makes every computer addressablesv@anih IP address. In the broadest sense, the ifesald
can be seen as a personal computer’s telephoneenuflcurrent “IPv4”- version IP address typicaligs
the following format: 192.168.1.79. Since this manaf reference is not intuitive for humans, theofain
Name System” (DNS) is used to translate and simgii& code into a much more memorable format, e. g.
http://www.uni-kl.de. Computer names, whose IP adses are translated by DNS, feature a charaiterist
structure, which is known as “Uniform Resource Ltoca(URL). Furthermore, the “Internet protocolhe
“Transmission Control Protocol” is located, whiaisares that the sent data arrives at its desirgithdéon.
Thus, computers, networks and their data are linkealigh unique addresses. Documents are desdribed
hypertext and are available within a browser by ‘tHgpertext Transfer Protocol” (HTTP), which uses
“Hypertext Markup Language” (HTML) to display th@auments’ graphic structure. In this example, the
information content is saved in HTML. It is alsoceesary to implement XML. The “Extensive Markup
Language” allows to store and process informatiod data. The document markup language XML is a
subset to the “Standard Generalized Markup Landgud§&ML) and is used to add supplementary
information to text documents. This addition, cdlEnnotation or mark-up, is not part of the actaat, but
describes the relation and the structure of textlaments [cf. MOSEMANN; KOSE, 2009:332FF].
Information added through annotation is called whata While XML defines the logical structure of
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documents, it doesn’'t say anything about the wayhith they are displayed. However, it is posstbleise
XML to define mark-up languages, such as XHTML, efhis an XML-based version of HTML. Therefore,
XML is not only a mark-up language comparable toMHT but also a meta language to generate mark-up
languages [cf. HITZLER; ET AL., 2008:17FF]. “Marlps’ are information which enlargethe content of
documents by marking certain parts and highlightognections. The manner in which this is donelmn
compared to the design of a newspaper, in whiclsespadifferent fonts, titles and positions are used
distinguish single articles. Furthermore, on the band, XML is a protocol for recording and manggesnd

on the other hand, it can represent a group ointa@olies used to format documents and filter dat.its
highest tier, XML is a philosophy for the handlio§ data. Maximum user flexibility and comfort are
achieved by limiting it to a structured and straifgirm of information. Several performance featusasure
XML'’s success (e. g. the possibility to store angbmize information for actual demand). The opandsrd
ensures that the user is not bond to companiesutailc software. XML has very rigorous standards
regarding the quality of its documents. It dematids strict following of syntax and offers a multt of
methods to test quality. Simple and clear syntakesat easier to read and analyze XML for both rmad
machine [cf. RAY, 2002:1FF]. A program called “Ratsis used for checking. It reads XML, validatés i
and forwards it for further processing. If the damnt indicates an error, it is not “well-formedf.[RAY,
2002:352]. The distribution and use of XML is sugpd by the “Open Source” movement with its many
adherent programs and by the need for a standdrdaemunication interface [cf. RAY, 2002:1FF].

Just as XML is one of the most popular mark-up leges, UDP (Protocol User Datagram Protocol) is one
of the most used protocols for the transmissiodaté. Typically, it is used for simple question-arswer
protocols (e. g. DNS, DHCP, NTP). One of the chiaméstics of UDP is that it is a non-connected pcot
which does not supervise the correct transmissialata packages. They don’t necessarily arrivéaénright
order and are directly forwarded to the proper iappbn. Some of its strengths are its speed astesy
utilization, which is much lower in comparison t€F [cf. NETWORK SORCERY, 2012].
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Fig. 1: UDP — runtime — environment of developmesending of climate data.

For this project, UDP protocols were used. They somoothly and reliably on the low-performance urban
sensing devices (Fig. 1). A TCP-connection is pudsible with “Urban Sensing System”, as this proto
builds up a firm connection, which would require thender to wait for the server to respond. However
during this waiting period, all important data wdglet lost. Skirting the waiting time with intertsgs not

as easy, as the regulation (e. g. maximum of sewtrrupts) at the multitude of sensing device's
microprocessors also requires these interruptionsase of a lost package, two procedures have been
developed: In a first step, the whole range of pgek is dismissed, before, in a second step, ttaneg is
filled with a default value (“0”), which makes ibpsible to calculate the missing value by interjata
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Usually, measurements are taken in short interfeeds second), which means that losing data doebavat
to be a big problem.
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Fig. 2: Wireshark measuring of a network betweersisg device and server.
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Fig. 3: “Urban Sensing System”.

REAL CORP 2014:
REAL m PLAN IT SMART



Benjamin Allbach, Sascha Henninger, Eugen Deitche

“Wireshark” allows to control data sent over awwmk connection. Figure 2 displays the connection
between “Mobile Sensing Device” (192.168.2.3) apdver (192.168.2.4.). The lower window shows the
hexadecimal range where a part of the messagentasteisible. In this case, “?13$!sZeit in UTC § the
exemplified structure of a message sent via UDRnlibar of package (“?!"), beginning of message (‘&g
type of variable used (“!s” - “string” in this cgsare decoded in this rather cryptic command.

3 “URBAN SENSING SYSTEM”

3.1 Preface — Design

The “Urban Sensing System” is based on the idestaring geo-referenced data for urban spaces &Fig.
This data consists of climate data and data of/iddals’ vital signs, while a wide array of sensityices is
used as “sensing media” (Smartphones, stationaayhee stations, self-constructed mobile weatheiosis,
drones, etc.)

3.2 System requirements

An “Urban Sensing System” needs to fulfil many riegments, such as good availability, connectivity,
processing of data volume, stability, performarsterage ability, analyzing ability, openness, exjadnility,
usability and the potential. All of this is necayse set up user profiles and scenario instareesyell as to
create added value for the user by a specific pré¢ation of the data [cf. ALLBACH; HENNINGER,
2013:1FF].

3.3 Realization

3.3.1 Web-based applications

To fulfill the system’s requirements, web-based liaptions appear suited as a base for later operati
scenarios. Web-based applications are typically usea web-based environment [cf. LANGNER, 2004:
20FF].

3 3 2 - - N

CLIENTS WEBSERVER APPLIKATIONSSERVER DATENBANKSERVER

© Allbach, 2013
Fig. 4: 4-tier design.

Four columns, each representing an architectweglare shown in Figure 4: Tier | represents tient| Tier

Il a web server, Tier lll an application servand Tier IV represents a data base server. A stdrvidab-
application only needs Tiers I, Il and IV. Howevignmust be considered that compatible technolohase

to be used on the different tiers. For this reasers I-1ll mainly use XML [e.g., LANGNER, 2004:21]
Diverse technologies can be used for the web semwerTier 1l. At this point, it must be decided waihi
technology should be used for the development.,Jd#8 or PHP are options, and each has its strength
and weaknesses. Every application supposed to tada&gp from Tier | is called “CGI element” (Common
Gateway Interface). Usually, Tier Il employs Opepuf@e-project Linux as operation system. Java
developtechnologies which have the advantage #rutter of being both developer as well as platform
independent.
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In a next step, a web server has to be picked.idRrd\vby the Apache Software Foundation, the Apache
Webserver is commonly chosen [cf. LANGNER, 2004 &2]7/H he latter is a “servlet container” written in
Java. The web-based applications are transferrédawa Servlets” and/or “Java Server Pages” (JEf%
allows a combination of HTML with conventional Jawade without special support for the browser, as
needed with JavaScript [cf. SAMASCHKE; STARK, 208H: Java servlets are applications running in a
server which is connected with the world wide watd they are complementary to Java Applets runmimg
websites. Servlets are used for designing progthatsreceive and send information via a websedara
Servlets are an alternative to “Common Gatewayrfimtes”, the common programming language for
gathering information in the www and export dath [EEMAY; CADENHEAD, 2002:732FF]. Besides
Java, there are also other alternatives to deptoyier Il. On Tier Ill, business logic is implemeadt If
applications from Tier Il intend to retrieve logidanctionalities on Tier lll, they have to use Rémote
Procedure Call’ (RPC). An example for the applara server’s function on Tier Il is the inquiryabank
about where a customer owns its account. Tier iésponsible for producing and releasing a docurment

of this data [cf. LANGNER, 2004:31]. The lowestvég Tier VI, is the one where data is stored. Many
different types and developers of data bases aiable. Again, there is an open source-solutiogSKIL,
among many others. Therefore, theoretically, ipéssible to design a high-performance, scalabldy-we
based application that is independent from bottfgrias and developers. However, it should be cared
that a free-of-charge-program requires experiemeeahigher effort for configuration [e.g., LANGNER
2004:35FF].

It is not absolutely necessary to use a 4-tier-ooldmn design as it is done here. There are atees, the
most simple one consists of only two tiers. In ttase, the client takes on the task of presentimitgvthe
server-level stores the data [e.g., BLANKENBACHQ20 43FF]. The following section will focus on Tie
VI, the heart of data storage in general and irftthlean Sensing System.”

3.3.2 Data bases — Information Systems

Information systems are supposed to representtduiamodel of a fragment of reality (miniature ia)ron

a system. If something happens that changes tbencitances, it has to be represented accuratejgctSOb
and their relations are abstracted and transfdmedthe miniature world with the aim of matchinget
modelling and the reality as precisely as possiblate transformations must be interruptible ibesroccur.
This is guaranteed by transactions that follow tR€ID” (Atomicity, Consistency, Integrity, Durabily)
paradigm after GRAY, which uses quality assurameniodel states [cf. BELL; ET AL, 2013:1FF]. To
ensure current, consistent, and persistent dagaagplication and information systems require alremof
measurements. The use of isolated data leads te® sbsadvantages, which means that changes in
constitutions, dependencies, and relationshipsoréyn be modelled roughly. Due to the lack of a cant
control instance to store and update the datati@rmaissing, or contradicting information is hardl
detectable. The commitment to an application ceedépendencies of data and restricts the usabilitata

by other applications. This process leads to a hagg of redundancy which makes it impossible talifiyo

all copies of a set in time. Modifications of op@aal processes require constant adaption of ppécation
system, which can only be met by introducing furthedundancies. Thus, the situation gets worse and
worse.

The development of data base systems (DBS) compitbsa broad spectrum of requirements, which have
to be met by suitable implementation and architectli focusses on the realization of the followaigs:
integration of data and its independent and lobyicntralized administration, independence of deid the
application's neutrality by the logical and phykidavelopment of the database, application-prograngm
interfaces for simple and flexible use of dataggnmity checking, protected transactions, parahe efficient
processing of big data volumes, maximal availapifiault tolerance, and scalability [cf. HARDERT RL,
2001:1FF].

Users of the system and many residents of sméas @te provided with a number of different netvgoftr

an infrastructure of data and information exchadgsides HTML-pages and the simple downloading of
data, interactive web-based data and servicesaneng influence. Web-cartography is only one exi@mp
for such a service with “Google Maps” and “Googlarth” as the most well-known ones. While the user
interacts with the map, certain applications areing in the background. The request for datadeived by

a web-server and processed by a map server, wkieh al data server to gather the information neted
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generate a specific map. The main structure of ghizess can also be transferred to other reqfiests
information; the exchange of data can be descrésed statistical or interactive exchange of dataweéb
applications. Another form of information exchanigelone by standardized services, e. g. WMS, WS an
OGC. The latter “Open Geospatial Consortium” haseltgoed a multitude of standards for such web
services. It allows communication and data exchéegeeen web-mapping applications and other program
and therefore creates interoperability [cf. MITCHEI2008:9FF]. Ideally, web services, which conveyad
through networks use international standards. Qribese standards is the internet protocol as iegtin
chapter 2, which can also be used for geo data.b"\8&rvice" describes a service, which uses the
standardized XML system of communication, indepebhdeom the operation system or programming
language, and is available via internet. Web sesvare based on HTTP as transferring protocol ewtillL

is used as a markup-language [cf. CERAMI, 2002:3B6th are considered as a key technology for many
application scenarios. The use of XML ensures arcitructure of data as well as automatic acceds an
processing by client software. Many concurring textbgies have been introduced to the market urider t
general term "web services" with SOAP (Simple Ascd¥&otocol) as the main representative [cf.
BLANKENBACH, 2007:205FF].

3.3.3 Structure of the “Urban Sensing System”

For the “Urban Sensing System”, a MySQL data baseleen used (Fig. 5) as it is free of charge, lwide
spread and technically mature. In order to getebetipport, MySQL could be replaced by MariaDB
(https://mariadb.com) in the future, which is gggtmore and more support by Open Source supporters.
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Fig. 5: “phpMyAdmin” — MySQL data base displayingasured climate data (measured by a mobile westibon).

A prototypical web site and various prototypicalbAmased applications are built on the MySQL datseba
Its structure is designed to store all metered medachart. A second chart, holding user nameaiid, MAC
address of the sensing device, is included in tag dase to ensure the correct attribution of the
measurement data. Both charts can be linked by @@imands (e.g., “join”).

3.3.4 “Climate data and vital function values in the “drbSensing System”

Climate data and values of vital signs are stored structure designed for the project, while Iame,
meaning, and type of values (float, int, timestarap also defined (Fig. 6). The option “Null” alleva
space to stay empty, but it can also be designélil ttoe empty space with a value.
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4  VISIONS AND USE-CASES FOR THE “URBAN SENSING SYSTEM'’

4.1 Using the “Urban Sensing System”

The “Urban Sensing System” will be tested by andaozc hardware club in 2014. Under assistance the
pupils will construct a simplified version of theobile Urban Sensing device (microcontroller-basedhich

is able to determine air temperature, air humidéy, pressure, light intensity, sound intensity &hd
geographical position. In terms of vital functiopsise, skin resistance, skin temperature and rekiisture

will also be measured. Further metadata will beedaanonymously. Equipped with these devices, tipdgu
will go and explore their neighborhood, and thengdi data is transmitted to the “Urban Sensing &yste
and analyzed. This experiment will be interestisgttee pupils are all of similar age and are cowgthre
same neighborhood. Additionally, they gain insigitb the MINT area (Mathematics, Informatics, Natur
Sciences, and Technology) and learn about progragjrbrazing, and data bases in an active, plaghd,
age-appropriate way.
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Fig. 6: Structure of the data base: names, types, e

The stored data can mainly be used for plannimgulsition, cartography, and displaying informatidihe
“Urban Sensing System” allows a decoding of the mlemrelations found in an urban ecosystem.

Many utopias and dreams can be fulfilled by a paogwhich is able to store climate data and vitatfion
values in a single system simultaneously. The lympetrum of data and the multitude of sensors rnitake
possible to detect problem and at risk areas ihtme&. In this manner, they can be skirted, reghiror
isolated, for instance, by warning residents ofhhéir pollution levels. Problems caused by traffmise
could be avoided with intelligent road signs, whielirect traffic or reduce speed limits. Finatlye system
could act as a signpost to areas with a high quaiitife.

More and more people live in urban areas resultingcreased population density. These local satlgs
have an influence on the global as well as on #gional climate. The question arises to what extieat
settlement climate is creating invisible barridfsirthermore, it would be interesting to examindoital

climates compromise or impede particular groupdendiihers might feel comfortable in the same zdwe.
certain structures and facilities really barriexefror do they only appear to be so? This hypotlesikl be
tested through an “Urban Sensing System.”
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5 CONCLUSION

Currently, the “Urban Sensing System” is used esigkly by friends and relatives of the developers,
because it is still in an early state of developmkms anticipated to make the system freely asit¥e in the
future, which would require it to run smoothly, &eailable online, and to be difficult to be manged. At
present only familiar devices are connected; aoitkti information can be entered by the user onlantary
basis. The system is bound to require the stordgMAC, Email, and IP addresses, which are not
communicated to the user of the system. Therefoieacy is at least partly guaranteed. In termprofacy,
one needs to cast a critical eye over the factdiraatological data and vital function values digplayed
with geographical references. Furthermore, it igeawely time-consuming to activate all users madgual
Hence, a function to automatically register andvatg users needs to be introduced.

A lot of time must be invested in the system'’s wpedsence, especially for design and usability. €hily,

the site is nothing but a mere playground to tééerént techniques. It is envisaged to launch aritent
Management System”, which could simplify regiswatiand administration. The “Content Management
System” is planned to be connected to social mediih, along with a possible reward system, ma¢isa
users to enter data and contributions to the deda.b

In the future, the “Urban Sensing System” is suppd® run autonomously and autarkically. Interfavih
other systems would allow open and voluntary comjo@n, such as other mash-ups. Foundations fawé h
already been set during the developing process.

Measuring the quality of life is a difficult taska a philosophical context it is not even thoughthte
possible. Factors influencing the quality of liviage evaluated differently by different people. Aaislo, not

all measuring values have a positive influencet@ duality of life of urban residents. Noise, duigfht
intensity and temperature would have both postive negative influence on human organisms. Thedhrb
Sensing System” stores all this data in a singktesy and makes it possible to develop and test new
hypotheses.

The “Urban Sensing System” allows the creation apsof all kinds, such as maps of climate functions
heatmaps.

The possibility to be part of data acquisition diingh the Urban Sensing App [cf. ALLBACH,;
HENNINGER; GRIEBEL, 2014]) allows active particip@t instead of simply being a passive consumer. In
addition to the collection of climatological, vitand other data in a bottom-up procedure, futersigns of
the “Urban Sensing System” will introduce a top-sowrinciple to have users receive warnings or
recommendations by the system.

Internet and internet technologies offer a mulétusf possibilities and are shaped by society, oeltu
science, and economics. The society is the basiplémning, and so the internet has to become gfart
planning processes. If a planner wants to analiieecomplex system of a city, he or she needs the
knowledge about programming and information systeaithough bi-directional communication and
exchange of knowledge, information, and news isaaly being simplified by the internet. Hence, the
planner has to engage in these new technologids;@arstant advanced training in the sphere of inétics

Is also necessary. Interdisciplinary projects amadtnerships with institutions, faculties and compan
become more and more important, because this altbevgplanner to participate in the development of
solutions for today’s and tomorrow’s problems increative way. A planner who is confronted with
structural and social conditions on a daily basseds to focus on the conditions of knowledge and
information. The smart city can only exist by meahsmart networks, tools, planners and systents tlaa
“Urban Sensing System” could be one of those.
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1 ABSTRACT

While illustrating results and further implementas of an EU funded project regarding the old
underground aqueduct of the Italian city of Sigha,paper proposes a rediscovery of ancient snesrtea
by-product of social relation concerning the surthle use of common goods.

2 BEYOND A MERELY TECHNOLOGICAL INTERPRETATION

The concept of “smart city” is usually associatdthvthe network metaphor (see: Castells, 1996;ats®
Scoppetta, 2009) that mirrors the technologicallien occurred within the frame of both post-Fatdi
restructuring and (neo-liberal) globalisation (sa@png many others: Brenner, 1999; 2000; 2004; izre&
Theodore, 2002; Peck & Tickell, 2002a; 2002b; TickePeck, 2003; Harvey, 2005; Brenner al., 2010;
Pecket al, 2009; see, in particular: Castree, 2008a; 2QG&bdhat it is often translated into the idea rdiam
settings where ITC enable an acceleration of astad inter-actions among individuals as never éagp
before: email, mobile and land-line phones, therimt, satellite TVs and many other functions irdégd in
web-based communication devices, such as smarteghand tablet computers. Such iper-technological
systems are asked to work smarter not just in thg tivey make it possible for cities to be intelfigén
generating capital and creating wealth, but in waheng with these developments and creating
environments that produce knowledge in innovatigstesms. Best (1990), and to a lesser degree Porter
(1990), have explained how such flexible productimiworks could take the form of flexible territari
production systems, as in the well-known casesilmfo8 Valley (see, e.g.: Best, 1990; Storper, 1983d,
even if in a different way, the so-called “Thirdlif” (see: Becattini, 1989a; 1989b; 1987; 1990;11F9D00),
both illustrating the context-dependent nature mévidedge (see, also: Amin & Cohendet, 2004) and the
need to reject as flawed and simplicistic the didton between “tacit” and “codified” knowledge.

In the age of late capitalism, when a strong preseuists for cities to become smarter and smaltEng
strongly supported by both EU policies (CEC, 204®) a number of technology companies (see, e.jl; 1B
2010), devices and media, such iper-technologiaaiative — whose roots are to be searched intaakien
of “informational cities” advanced by Castells (89@r Graham and Marvin (1996; 2001) as well ath w&i
different “nuance”, Mitchell (1995; 1999; 2001; &)0- risks to be too entrepreneurial in outlooks@l
given the unavoidable market-oriented images arajinaries they produce, the pervasive storylinpeir-
technological learning networks ends to look like Foucault’s concept ofdispositif of power», meaning
straightforwardly “apparatus” but also the arrangator set-up of a web of practices and their ddah
discourses (see: Foucault, 1994; see also: Deld989). In fact, if we use Foucault’s lens to iptet the
network metaphor, we find that it undoubtedly fitell in representing an understanding of power as
disciplinary power which works throughout societyhrer than from a centralised source through diseosir
practice (and discourse-guided practices), beinctlgtrelated to knowledge.

But, if detached from a vision clearly oriented &ods sustainability, the iper-technological “bestain”
scenario ends to reveal the «unspoken assumptigneusiding the too often «self-declaratory» (Hoblan
2008) nature of smart cities. Sustainability, ingteimplies a respectfull use of natural resouesesell as
appropriate knowledge to manage them: in this sdyatd Castells and Graham and Marvin draw attantio
to the information technologies of the so-calleiical infrastructures (water and drainage, eneagyg the
like). Furthermore, sustainability also impliestth@Ts can serve as communications that are sroathé
way they allow cities to empower and educate thidizens, so that they can become members of societ
capable of engaging in a debate about their ownramwent and about the use of common resources
«without compromising the ability of future genésas to meet their needs» (WCED, 1987).

3 SMARTNESS AS A BY-PRODUCT

3.1 Smart common goods

Thus, a relationship exists between smartness amuinon resources. This intruduces the broader isbue
the commons, a term that has currently become pepular. In fact, even in relation of the ongoing
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structural crisis, in recent times the issue hasrged as a crucial matter, by highlighting the nf®da
rethinking of the current development model.

Commons are a particular type of goods incorpogadinvide range of issues that pose serious qusstion
about the limits of commodification and the primafythe market. When talking about goods, econ@mist
use to focus on ownership, being their referenseaety mainly founded on the right of property. &s
consequence, they usually distinguish between ferieamd public goods — respectively referring to the
governmental and the market sphere — by considentigthe possibility of exclusion and the divistli(or
rivalry) in order to design their respective domdut this view ends up to be challenged by certids of
goods that cannot be captured within such categydia the one hand, in fact, we have the “club gdéar
“shared goods”), which are characterised by bottiusion and indivisibility, as they consist of artsof
“weakening” of the traditional private goods. O thther hand we find the common goods, whose festur
are no exclusion and rivalry, being them a wealgnpirthe traditional public goods. Furthermore, caanot
consider the commons in a traditional sense, wberger’s rights fit with user’s right: in fact, frggstures

of medieval time were progressively enclosed aadsfiormed in private goods. Contemporary common
goods, instead, concern more elusive “objects’hasthe quality of air, water and its quality cimhation
and so on, for which the criterion of ownershi;mes more relevant, while the identification of thereer
becomes important relatively to the users’ rightglese resources.

The case of water — which according to Leonardd/ih&i is the ‘vetturale della natura(that could be
translated as “the driver of nature”) — offers resging insights on the issue, being it the commood par
excellence. But, in international laws there is aontuniversally accepted definition of the “rightwater”.

An attempt in this direction consists of the Cortiem on the Law of Non-Navigational Uses of
International Water Courses, whose central poinésthe equitable and reasonable use of water by any
riparian state, the harmlessness of hydrologiderwentions, a cooperative management and theatiuig

to ensure the protection of basins. However, tloe ttaat the concept of “fair use” remains to beadle
defined as well as the non-binding nature of thegples seem to reveal how the dramatic watertager—

due both to environmental degradation and the exmiial increase of consumption — may become a
relevant factor in conflicts (Wolf, 1998).

However, the very idea of water as a public goace= freely available for all — it is not an unrsally
recognised notion. In fact, many believe that oglying a economic value to water, by making it a
commodity like any other consumer good, could offeeal contribution to solving the problems of evat
scarcity: the creation of a water market couldvalto trigger balancing mechanisms between supptly an
demand that, in turn, could make both searchingsatithg water really cost-effective as well asauld
correctly address consumers’ choices in order tmnalise their consumption behaviour. The main
argument used to support this thesis deals withistwe of waste: the lack of both adequate infuatires
and maintenance of the existing ones leads toiamity due to an ineffective public managemeninde
the latter not economically viable. According tisthpproach, the existence of a water market woatde
the point of arrival but only an intermediate stewards the final stage of efficiency, i.e.: thevatisation of
water services. A number of initiatives in thisaedyhave also been supported by international sgaons
(including World Bank) that have begun to affeditleconomic aid to developing countries by fordimgm

to adopt liberalisation and privatisation policidéy, asking the retret of governments in favor aivate
companies (thus opening the way to multination@sgording to the proponents of privatisation, thisuld

be an element of social justice, allowing a moraitagle distribution, eliminating market distortethat
end up hitting the weakest actors.

Considering water as a common good, instead, iegol/process of acknowledgement of its historicdl a
identitary value, which cannot be measured in mecenomic terms. The emphasis is placed on
management, but also on those “hybrid” and “teriaised” systems which are able to “taking caré” o
resources that are collectively recognised asitdaal heritage» (Magnaghi, 2006) creating a dieand
not just economic wealth. Key principles concern-egclusivity and resources’ regeneration, whichesp

as irreconcilable with a proprietary market logs, they refer to “ancient” cultural elements — sashthe
collective sharing of primary resources — but tlaeg also able to be reinvented, being knowledgi the
typical by-product, i.e.: the (intentional or umntional) «result of processes oriented towardsroth
purposes» (Donolo, 1997).
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3.2 Underdeveloped smartness?

Shifting from knowledge infrastructures to knowledas cultural practice as well as to the relatigrssh
between the latter and natural resources mearnskeih discourses on technology, by attributingreaaer
sense to the term. Anthropological research or{gti#) so-called “developing countries” highligkite role

of traditional knowledge in achieving sustainabilifoals based on an appropriate use of naturaliress,

by establishing the harmony of architecture witle #nvironment, the symbiosis of the techniques of
organisation of space with traditions, social rglspiritual values and the fusion between pracéispects
and beauty.

Pietro Laureano (1995) has shown how archaic sesjedeveloped within economies characterised ¢k la

of means, have linked their survival to a carefdnagement and use of natural resources. Against the
current model of existence, production and consiampt which has replaced the traditional orderha t
advanced countries, leading to the exhausting odilloesources and feeding the hypertrophic grovith o
developed areas — Laureano, in fact, proposes theelmof self-sufficient and small «hydrogenetic
community», based on the transmission of a colleatiisdom (i.e.: rules of coexistence that are résseo
survive) concerning the ability to act in harmonithsthe environment, enhancing its potential withou
depleting it.

This is, in essence, the model of the oasis, whpa#al and social structure is determined by tipply and
distribution system of the scarce water resourdedrainage tunnel, the foggara, passes under tlegei
thanks to underground storage tunnels and provigdesr for both homes and collective laundries. Anti
caves and grottos for collecting water constituteirgher element of the system, which is also uskfu
cooling the indoor air during the warm weather. Whatside the village, the water of the foggardivéded

into open ducts called seguia. The latter run tgincile cultivated area of the oasis, by structuittirggplot of

the different properties through clay brick wallscksing the soil particles, thereby accentuatihg t
continuity between living tissue and cultivatedaaeA “Master of Water” calculates the amount otewra
that is due to each family. He is the custodiam cbmplex and ancient knowledge, which is handeddo
from generation to generation, making him able aoryc out the measurements by using specific tools.
Through the divisions due to inheritances, marsagepurchases, the shares of water continue gonfeat

or reunify, so that an intricate system of canbligdges and connections represents on the groumd th
evolving of the property system over time: a re@ydro-genealogical plot” recording the successibn o
generations, family ties and properties within apdr of relationship which is physically built byethetwork

of canals. The fact that we can find again this'bea graph in tissues, clothes, hairstyles anddsitlearly
demostrates how such archaic infrastructural systeeply permeates these population’s culture.

According to Pietro Laureano, the model of the ®asan be found in many other situations whose
complexity and dimension allow us to define thenmf‘@esis city”. This is the case of the city of S
(Yemen), which is entirely made of clay, as welltlas Italian city of Matera, whose&sassi (“stones”, i.e.:
Matera’s historical houses) are an example of ackays of living and manage common resources én th
karst areas of Lucania, Apulia and Sicily. Thigliso the case of Petra (Jordan), a real “oasi®ogs”, now
reduced to only archaeological remains, but desdrip the oldest texts as provided with canals,|g00
fountains and gardens. Historical infrastructurédtadian municipalities of both the Middle Age arle
Renaissance — such as the underground aqueduw ofty of Siena — also constitutes an exampleuohs
shared social-natural “constructs” that suggestistainable linkage between ancient and contemporary
“smartness”.

4 THE SIENA'S ANCIENT AQUEDUCT AS A KNOWLEDGE INFRAST RUCTURE

4.1 “Concave” and “convex” old cities

According to Victoria Calzolari (2003), old Italiamrban centers can be classified on the basis @f th
particular structure, which in turn is determingdtbeir different relationships with the water gyst She
distinguishes «concave» and «convex» cities: tisetiipology (e.g.: Brescia, Florence, Turin) reesifrom
the surrounding mountains and hills abundant watehsch in turn feed springs and fountains, alldwe t
creation of large parks and gardens and, finaligiate through geometric patterns across the ietiga
lowlands. “Convex” cities, instead, are locatedhilts and spurs from which dominate the plain aisé u
water coming from distant sources. For this reas@ier is (was) used sparingly for gardens andardd)
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where undemanding plants are preferred. This isdise of cities such as Volterra, Montepulcianol ati:
these are cities with an harder environmental ctont@here it was necessary developing a particular
knowledge in order to capture, store, distribut® and re-use water. Such a “water culture” — wiicdkay
seems to be completely forgotten — not only reduhethe distinctive morphology of these centers, dso

in the architectural and social forms. Thus, thstltestic qualities of ancient cities as well as peeuliar
forms of communal social life that have historigaltharacterised them, are due to this harmonious
relationship established over time with the envinent.

The city of Siena constitutes a perfect exampleohvex city”: it is located on top of dry ridgesway from

the major rivers or mountain ranges, so that it besn forced to develop over the centuries in close
relationship with the problem of water supply timats determined its social organisation according to
model based on civic engagement and active andmegpe participation in public life.

The old Roman city, built around a probable Etrassattlement, being isolated on the hill, did nateén
natural springs inside the urban walls, but onlyisveonnected with cisterns for collecting rainwat@nly
in very rare cases, because of the minor deptheofater table, wells drew directly from the lat®utside
the city walls, along the streets of the valley amdthe slopes, there were instead a number ofveeald
springs capturing water veins of secondary watgesa

4.2 The Siena’s bottini as a structure of urban socidife

Although it is believed that at least some parte deck to Etruscan age as well as it is estaldighat the
first works date back to 394, it was during the l&dAge that the realisation of the undergroundedgat
(the “bottini”) started, in order to meet the needs of a citgt thas already largely consolidated. The
construction of the twdpottini maestri(i.e.: the two main stretches of the aqueductfonte Gaia and
Fontebranda, with their related monumental foustaivas almost exclusively aimed to productive @bty
and services. As evidenced by a series of arcdivaliments dating back to 1176, a rapid populatromwti,
which began in the 2century, had in fact increased the need of agieffi water supply and, in 1267-68,
there had been advanced a project, then set asied at the diversion of the river Merse to theg. ci

The complex and articulated hydraulic system oflib#ini, whose current extension dates back to 1466,
was built in different phases between the Middle#\gnd the Renaissance, with the commitment obSien
engineers such as Mariano di Jacopo (better kn@wvhaacola) and Francesco di Giorgio, who left igirth
treatises a testimony of a real local technologitdl. In these manuscripts are recorded with igien not
only the techniques and tools which were used it ihe network of thebottini, but also more or less
imaginative projects of hydraulic engineering: ooty studies for canals and river dams or apparbius
lifting and driving water, but also devices to eleaiman to float effortlessly.

Thebottini are a still existing and operating network of wigdeund tunnels, which covers a total of 25 km.
and can be intended as the “spine” of the old cityter. A distinctive feature of such network cetssiof
being connected with a system of artifacts, ran@jiagn the monumental fountains of the differ@antrade
(i.e.: the ancient neighbourhoods of the city cgrtethe little fountains in public spaces, thdlsv@to the
palaces’ courtyards and, finally, the canals thagdte the gardens of the valleys outside the witis.
Around these artifacts the social life was orgathigeiblic wells, monumental fountains, tHerftini” (“little
fountains”), located at the intersections of sgeat in representative places in the urban spaoeh(as
markets, churches, cemeteries, gateways to theheitygh the urban walls) are the evident manifesta
of the existing inter-relationship among urban &inee, social organization and the network of waterply
and distribution. In addition, the effective fumgting of the water system required careful andydail
maintenance which formed the core of a collectisdam to be handed down from generation to gererati
— as in the case of the oasis — whose custodiggin(@ity a simple but skilled worker) assumed arpirent
role within the community.

Thus, one could say that thettini really constitute the “spine” of the city not oritya morphological sense,
being them the internal structure determining tHeano form, but also in social terms, as clearlyvahdy

the strict relationship historically existing be®vethe underground acqueduct andGoatrade It is worth
remembering that such seventeen ancient neighbodshbaving names of animals or, more generally, a
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medieval soundare strictly linked to the famous horse race daflealio’, where each jockey represents a
Contradg and the latter, in turn, is responsible for hisding, and also for celebrations before and dlfter
competition. In the same way, each Contrada furitdeown stretch of aqueduct as well as the conttmic
of both its own monumental fountain and the ottde Ipublic fountains in public spaces, includitng one
where children were baptised.

Through the realisation of tHmottini — which are, at the same time, an engineeringaacititectural work,
because of th€ontrades monumental fountains — the city of Siena, chim@ed by the natural scarcity of
water, succeeded in its aim of uniformely providwater supply through a distribution system thas ahle
to reach both public fountains and private wellsnolividual residences. Beyond a tangible improvetie
the quality of life, thebottini's network allowed the city of Siena (which was dielvof natural waters) to
compete against Florence (which is crossed byitlee Arno) for the primacy in producing wool, i.an
activity, which requires an abundant use of water.

4.3 The bottini as a sophisticated engineering and ardtectural artefact

Underground tunnels are largely practicable ancdkteavaverage size of 1.70 m in height and a witi#0o
cm. The namebottini” is due to the distinctive configuration of therted vault (in Italian: Volta a botté),
but there are also gable and square sections. iher @n the ground (calledy6rello”), where water can
flow, is placed in a central position, but it cascabe found laterally or in a niche. When they ao¢
excavated directly into the rock (or, sometimes ipebbles), the lining of thieottini is generally made of
bricks. Along the way there are, at irregular inéds, some wells calledstiragli’ or “occhi’ (“eyes”),
which were used in the construction phase for réngpthe excavated material, ventilating the tunraeld
determining both direction and slope of the exdawathrough the use of plumb lines and a special to
calledarchipendolo

While thebottino maestraf Fontebranda (i.e.: one of the two main strettthe aqueduct) was excavated
starting from only one side (with the consequestdvantage of a more slowness of the work, dubedo t
cramped space of the galleries, where only oneahartime could work), in the case of thettino of Fonte
Gaia — the seconldottino maestrpwhose monumental fountain is that of the famadagza del Campo — a
different method of excavation was preferred: fache of the different wells, multiple teams of digge
proceeded simultaneously in opposite directionsfaraly re-joined the galleries at an intermedigtant.
However, the need to realise thettinoin a short time led to a tunnel placed at a tadlstv level. For this
reason, thdottino maestraf Fonte Gaia collects a few veins and remainsgdapoor of water despite it
measures twice as that of Fontebranda. The latstead, is located at a greater depth and captulage
number of veins that, even today, constitute atamlial bringing of water. The project aimed atreasing
the flow of the water directed toward Fonte Gakttigg onto thebottino of Fonte Nuova, was entrusted to
Francesco di Giorgio, who played the role of “watka 1469 and in 1492.

OO NAESTRO 0 FOMTERRAOA

Fig. 1: The city of Siena and the network of Hwtini.

! Such asOca (“Goose”),Aquila (“Eagle”), Bruco (“Grub”), Chiocciola(“Snail”), Civetta(“Owl"), Drago (“Dragon”),
Giraffa (“Giraffe”), Istrice (“Porcupine<”), Leocorno (“Unicorn”), Lupa (the feminine of “wolf"), Nibbio (“Kite"),
Onda (“Wave”), Pantera (“Panther”), Selva (“Forest”), Tartuca (“Turtle”), Torre (“Tower”), Valdimontone(*Ram
valley”).
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4.4 Functional structure and social role of the monumetal fountains

The maximum development of this supply structures waring the 18 and 17 century, with both the
documented presence of numerous private wells cbatdo thebottini and a growing and often unmet
demand for new connections. This supply system,elrew continued to live for many centuries together
with a parallel one that collects and recycleswaier. Therefore, we can talk about a mixed sysiam,
which drinkable water is provided by fountains, fayvate wells connected to thmottino and by public
wells, while water for domestic or craft activitissgiven by cisterns and agricultural works re-tisewater
coming from the overflow of th€ontradés monumental fountains.

The latter are configured as public facilities atwhstitute one of the typical architectural struesu
characterising the landscape of Siena. In factfoeing simple water points, located along theedagmd in
the valleys surrounding Siena, over the centunieh $ountains have had an evolution in their aedtitral
forms and uses, with also periods of complete atvamént. However, beyond the architectural diffeesinc
the model of the fountains — both their functionamgl their single parts — is based on similar iGaite

In fact, it is possible to distinguish only two g of fountain: in the most complex typology thetewa
flowing from thebottinowas drawn on with containers for drinking and tflewed into a basin (where fish
were bred) to be utilised for secondary uses. Heeaontinued with the overflow of the basin, whied a
smaller tank, designed to water the animals. Thwater continued to flow into a tunnel inside thizkwork
toward theguazzatoipa tank where humans and animals could fresheangit ended its cycle coming up
in a laundry, located at a level lower than twdting in order to prevent stagnation. Finally, from the
overflow of the sink, it drained into the “whiteewer, which was placed in the downstream part ef th
complex, in order to feed mills and factories ofolworkers and tanners or to irrigate the fields.

The typical location of this type of complex stuuret was at the arrival of minor routes in the citpse to
the secondary access corresponding of the valleimging to eactContrada of which it constituted the
common good: beyond its function as public utilitysough its monumental architectural forms thentain,
in fact, was somehow also entrusted with the rdlerepresentation of th&ontradds identity. The
monumental fountain of Pescaia — located outsidesitly wall, close to the Porta di Malizia (onetiog gates
of the urban walls) — is an example of this typglog

The structures of such fountain are arranged &t aggles to the course of the today disappeared df
Pescaia and are enclosed in a narrow valley, wikibbunded by the ridge of Camollia and by thegalatof
Lizza. The original location of the fountain, presbly already existing during the Etruscan perivds
near a Roman military road which, coming from Sijdmeaded towards Fiesole and Volterra. This roiile w
then become a stretch of the Via Francigena, ortbeofnedieval busiest routes connecting Rome wagh t
northern and western Europe. Thus, the fountalPestcaia was an important stopping place for thisgy,
which was frequented by merchants and pilgrims ggginRome. Fountains with a simpler structure were
instead not far from the main ridges. Being themerotidden in a slower level of the street or altimg
slopes, they were reachable by means of steep ocoatigirways.

Fig. 2: Scheme of functioning of the monumentakfain of Pescaia..
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5 CONNECTING ANCIENT WITH CONTEMPORARY SMARTNESS

5.1 The EU project “Siena city of water”

In the 28" century, the Siena’s medieval aqueduct was reg)doe both civil and productive uses, with the
modern aqueduct Vivo, relegating for minor useswiaeer ofbottini and wells. Beyond the monumental
fountains, the current functioning of thettini serves about 200 registered users (althoughestisnated
that, in the reality, users are at least twice).wkler, such extraordinary system of underground
architectures, which is a masterpiece of the emging of the 1% and 1% century, is a little-known
historical and architectural heritage, consistifguifacts and documents concerning the culturgvater.
This poetic world — real city beneath the city,weded with shadows, noises and invisible matcheggngg

on the surface with dozens of fountains, wells &mtks — was the subject of a study, funded by the
EuropeansCommission as part of the Raphael Progeaaimed at understanding and valorizing such water
supply system located both inside and outide thmmrwalld However, the theme of the relationship
between historical and architectural heritage aattwsupply system — as well as the possibilityntotheir
valorisation to a more general rediscovery of thituce of water — had already been tackled durhmy t
elaboration of the masterplan of the city. Reseantlvities, which ended in January 2000, werenteié by

the need to know, from a quantitative and qualieafpoint of view, the rich repertoire of “materiathat
make up this complex system, highlighting the dpeoglations with both the configuration of thdfdrent
sites and the specific rules of formation and dgwelent of the historic urban structure.

Therefore, through a detailed survey (scale 1:2@0d)the subsequent computerised translation, susesf
the different elements of the system was carriet] iouorder to allow the creation of a compreheasiv
mapping concerning not only thettini, which were classified according to their diffargypes, but also the
springs, the fountains and many other minor eleménells, cisterns, tanks, etc..), by considerimgm as
modes of supply that are alternative to the netwdarkthis way, 58 external fountains (including ot
existing and missing ones), 16 (historical and medmonumental fountains,féntini, 26 little fountains, 7
(existing and missing) public wells, 135 wells ozlls provided with cisterns, 36 cisterns were carplely
surveyed inside and outside the urban walls.

At the same time, an archival and bibliographiceegsh was launched in order to link the resultshto
various thematic maps according to an hypertextogic, which is particularly effective in terms of
representation but also in translating the intecigiinary approach of the project, based on therdmtions

of a variety of specialised scholars, active ifeddnt research fields: archivists, historians, logists,
planners, architects, communicators, graphic desggrcomputer scientists, archaeologists, anthogjsik,
photographers and videographers. Beyong beingdhis ffior specific insights, the archival reseacznried
out in parallel with the census, helped in indiating the structure of the whole system, also thaokhe
information concerning the elements which are eudlyemissing or modified, the uses established dlier
centuries, the type of ownership, etc ... In otdeorganise the vast collected documentation, thaokhe
EU partnership, different cataloging standards Haeen uset The individuation of such a multiplicity of
approaches for organising the documentation deriveoh the heterogeneity of the collected material:
unpublished manuscripts and documents, bibliogesphiconographies, old and recent photographs,
historical maps and updated carthographies, vide@schitectural and geological surveys. Furthasoas
are to be searched in the articulated researchopesp not only the creation of a specific archifehe
Museum of Water (to be realized), but also a retooson of the urban history in relation to themhe of
water, the divulging of the results by linking Epean institutions and organisations through virtual
networks and, finally, the definition of guidelints potential interventions on the different atfs.

2 The project “Siena City of Water” was co-sponsobgdthe municipaality and coordinated by the desigrof the
Laboratorio Aqua, with the participation of the Maisity of Siena, the Institut Francais d’Amanagemet
d’Architecture of the Université de Rouen and thesklu de I'’Agua of the Ayuntamiento de Salt.

% Not only the criteria used by the Italian Istitu@entrale del Catalogo e della Documentazione (I®Dt also those
of the Fitxa “Inventori del patrimoni cultural dptojecte Alba-Ter/Ave”, prepared according to thadglines of the
EU Earth program; the cataloging form of the “Intere Général des monuments et des richessesicargist,
produced by the Ministere de la Culture togethehwhe French “Institut National de Recherche dormatique et en
automatique” (INRIA), with the contribution of thERCIM (European Research Consortium for Informatcsi
Mathematics) and of the European Commission.

Proceeding®REAL CORP 2014 Tagungsband ISBN: 978-3-9503110-6-8 (CD-ROM); ISBN: 978-3-950817-5 (Print) E[
21-23 May 2014,Vienna, Austria. http://www.corp.aEditors: Manfred SCHRENK, Vasily V. POPOVICH, Pef&EILE, Pietro ELISEI



Ancient Smartness of Tomorrow

As regards the activities of dissemination and miom, both on and off line products were developed
Among them, the web-site, which was prapared ieiord be further implemented, updated and divideal i
thematic sections allowing different levels of detBeyond the video “Siena and its places of water
presented at the®3World Water Forum, held in Kyoto in 2003, was apsoduced an interactive CD-Rom
whereby one can virtually visit a part of the BattiMaestro of Fontegaia and then emerge in the damo
Piazza del Campo. All along the path — which igldiged on suitable maps and aerial photos givieg th
virtual visitor's exact location — insights conciegp historical, architectural, hydraulical and gegital
aspects are included. Furthrmore, the amount ééceld documentation finally also allowed the doeabf
several thematic guides, illustrating both the wlglstem and its individual elements.

Finally, the EU project “Siena city of water” alleg to make detailed measurements of the monumental
fountain of Pescaia, by using innovative technig(eespecial photographic equipment and sophisticate
software of image processing) to reproduce theagilavs. Starting from such survey, restoration wovlere
carried out and a preliminary design for a Muset@iWater was subsequently developed.

5.2 Further implementations: the Museum of Water (towards the territorial museum)

The EU project “Siena city of water” was an impaottaaoment of knowledge and of renewed sensitivity o
the public administration on a public heritage thad been forgotten for so many years. A furthfrotfvas

an increased awareness towards the many issuesdredavater as a primary resource, as an objatatofe

and subject of culture, matrix of landscapes, @asgstems and architectural artifacts. Such nearevess

of the Administration has been manifested throdghdreation, into the monumental fountain of Pesazfi

the Museum of Water, opened to the public in 20& museum was seen not only as a structure fastou
use, but as a museum of the city, where the wagsteism could become the fundamental key to
understanding the urban structure. In addition, theseum was intended in the broadest sense as the
museum of the community, i.e.: a laboratory in Whibe local community could identify, represent its
aspirations and develop new cultural strategiesitdgvsustainability.

As the museum merges the multiple outcomes of ¢ésearch conducted within the EU project, this has
contributed to a successful integration of tradéiomuseum functions (i.e.: conservation, exhihitipublic
services, scientific research and pedagogical m@g)o and innovative communication tools (e.g.:
multimedia and virtual reality). On the one harkrefore, the fountain of Pescaia is, at the same both

the container and the main content of the musebm:stte where it is located, its architecture amal t
hydraulic system are made intelligible and tattino beneath becomes visitable. On the other hand, the
museum is set up as a narrative device, whichléstaltell both hydrogeological features and tedbgical
dimension as well as the collective constructiorthef urban identity by using a variety of languagad
forms of representation for re-assembling the ctdié fragments of memory in order the re-readioges

and uses of places.

However, the idea of the museum as a multifunctis@ace focuses not only on the expositive-
communicative dimension, but also on its poteragab cultural means towards the possible construofia
new collective awareness about the use of resoarmesommon goods. In this sense, it is not cordidjas
the final point of the process initiated with theg Broject, but it is rather the starting point fbe creation of

a territorial museum. The latter is connected witlea of water as a landscape matrix, being @dl@ament of
creative relationship among «context, concept aakw(Calzolari, 1991). The term «context» refersa
set of tangible/intangible, natural/cultural, hrgtal/contemporary components, situations and pimema
constituting the background for the single elemeartd claiming ideas». The term «idea» means «the
thought, the creative act, the image, the memdtysrefers to a single person, but can also be nstoled as

a dominant idea in a given situation or culturahteat». The term «work», finally, concerns «theatee
object, the action, the result of good training aechnical competence, of a good design, execuatiah
management, the expression of intuition and imdgina.

Through all the designed paths inside and outdideutban walls, marked by the presence of «works» —
from monumental to minor fountains, from thettini to cisterns and from these to the memory of thelwo
merchants’ shops; from the wells in the courtyanfigsalaces to the public fountains of e&ntrada to the
wells of the rural farms in the valleys irrigateditiwthe drainage water overflowing from the monutaén
fountains and, finally, to the springs and the mmadtral contexts — the goal is to build a systewolving

the museum, the city, the surrounding territory #msettled community, with water as a commonattire
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The idea of a territorial museum was, however,aalyepresent in the EU project, whose results irediydh
fact, a series of proposals and concrete indicatidrihe feasibility of the insertion of the MuseoimwWater

in a network of internal and external itinerariemnicecting the various elements of the system: & wa
conceived as an expositive space belonging tagadaystem involving both the city and the tergitor

6 SMARTNESS AS LOCAL ACTIONABLE KNOWLEDGE

As conceived, the museum should trigger a prockessliective re- identification, which is a prerasjte for
developing a possible “active citizenship”, basedtlte overcoming of the dichotomy between publid an
private use, by introducing a notion of “common dbas related to the concept of “neighbourhood®e(se
Gorz, 1994). In this sense, the historical relaiop between the city of Siena, its inhabitants asmder
resources is an example of the possible procelsilofing a community to be understood not as aohisil
fact, but as a project (Magnaghi, 2006), i.e.: ashmle of inhabitants/producers that relate in prae
exercise both the care and the collective use aégs where they live in durable and sustainablesway
allowing “self-reproducibility”. In this sense, thecus is on the concept of self-organisation; tlee inter-
relationship between located social actors, capafbself-)produce representations/interpretatigomsjects)
on their own place (ecosystem), with a widenin@afticipation in decisions concerning the manage¢mén
resources (Scoppetta, 2009).

The process of social construction of the city @@ around the theme of water of thatini — which are,

in turn, the result of the evolution of engineerteghniques, but also of a collective knowledgedegidown
from generation to generation — can also offerr@gtng insights on the current rhetoric aboutdtvealled
«knowledge society» and «knowledge economy» (sge,EEU, 2007), where the tendency is understanding
knowledge as a resource to be sold within the sbriEglobal competition, i.e.: within a contextathis
different from that in which it is developed anchcoetely implemented. In this sense, the caseasfeSis an
example of Clifford Geertz's well-known notion dbeal knowledge» (1983), which is not to be geradiyc
intended as “wisdom”, but as real technical-prattkmowledge which is locally developed and tested
order to solve concrete problems (such as a contysimiater supply).

Rediscovering théottini as a socio-spatial structure therefore may bestéading point for the community
re-appropriates its own «actionable knowledge»efffman, 1987) as well as for its possible re-intggtion,
which takes into account of current technologi@laelopments. The proposal concerning the restoratial
re-use of irrigation channelling that directed wdtem the overflow of the monumental fountain &fseaia

to the valley belonging to the Contrada goes pedcim this direction. It is intended as a firsestof a
process of collective learning that can changeonbyt the territory and its uses, but also individoehaviors
and practices within a perspective where actors @nmtext could co-evolve (see: Scoppetta, 2009a).
Knowledge, in this case, becomes a resource fokehgpowerment» of the community (Friedmann , 1987),
allowing the passage from «exit», which is the @gie of the market (the consumer changes prodiact),
«voice» (Hirschmann, 1970), which is the prototgpeolitical action.
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1 ABSTRACT

The current topics “Smart City” and “Smart Planding not just have to be about big solutions to enak
cities more efficient. There are also small sohsgiavhich can help planners and architects in thaily
communication work, opening planning processesniore of the city’s citizens and make the processes
themeselves smarter. The man-made environments#gery human who lives within it. Especially when
changes are made within this environment, eveigetithas to be able to form an opinion towardsehes
changes. Not every person affected has a planmiagcbitectural background though, so one has peex
that the spatial perception of each person is tovddleed in a different way. Based on these various
requirements the ways of internal and outside comcation have to be adaptable, and offer an
understandable transfer of relevant contents. Vaiadble tools are under constant development]tiegun

new applications for communicating within the plangnprocess. The focus concerning the communication
techniques is on interactive tools. This paper gji@ageneral overview of common augmented realifg){A
techniques and their specific characteristics @ied to show possible use cases in the fields afitacture
and urban planning.

Besides the view on the technical development baddsulting use cases, the consequences andseaffect
the expansion of the repertoire of methods for méas and architects shall be discussed. The social
significance and the resulting changes for urbanmhg as a whole are also relevant.

2 INTRODUCTION

Visualization and communication belong to the dalgks of architects and urban planners. With wiffe
receivers for the planninginformation, there issadnd for tools which can be used in a varietysef cases.
Due to the proliferation of smartphones public asc® information expiriences a new dimension. Tigho

a constant internet access, applications (shops)aje augmented reality-browsers information iailable

at any time at any place. Communication in the mulam process is constantly arising in new apploai
from these technical developments (Reinwald et2@l3). The planers repertoire of techniques is also
constantly arising because of these technical dpusdnts. So having an all time overview on the
possibilities for communication by using these $obécomes one of the planers tasks. The works flrba
Planning in the Knowledge Society (Stadtplanungién Wissensgesellschaft)” (Streich 2005, 2011) and
“Real-Time Planning (Echtzeitplanung)” (Zeile 201giye a first overview on current tools and howythe
can be used in the daily communication processlanning. Concerning the fast development of new
techniques and tools it is necessary to stay twodtese processes and think about new applicafans
planning communication. The following paper stdrtsn this point and shows current augmented reality
techniques and possible use cases in architeatdraraan planning.

2.1 Communication during the Planning Process
—_— Coding —_— Message —_—r Coding —_—r Receiver

Fig. 1: Communication in plannning processes, basedn transmitter-receiver model (Zeile 2010, accordig to:
First & Scholles 2008:198)
The general view on the communication between glemand addressee in the planning process shotws tha

the analytical categories of communication thea@ny be applied (Furst & Scholles 2008:198). By usimg
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theory it can be explained how a message is coded the transmitter at the first place and hasdo b
encoded from the receiver. A visualization is arfasf coding a message, communication tools have the
tasks to support the receiver in the encoding m®ceStarting with classical hand drawings andetotb
their computer aided counterpart of CAD-drawingd aomputer aided modelbuilding, virtual 3D-models
(divided into the techniques of hand-pushed-puitertielling and parametrical modelling) to renderings
pictures and movies the evolution of visualizatisngoing strong. By using only the visualization in
connected planning communication processes theagesgithin can be already encoded by the receier.
this point, however, the question arises, if theepuisualization is enough to transport the messdghe
plan. Communication has to be more than just aaliation, it adds an interactive part to the pesce
Equivalent to the “homo ludens™-approach (Strei€iR217) lay people learn by playing with planning
information and become self-made experts.

2.2 Definition Augmented Reality

The term augmented reality (short: AR) signifies fhrojection of an additional virtual content irttee
reality. Augmented reality belongs to the so caledhan-machine-interaction-methods (Zeile 2010:28).
general augmented reality means the augmentationuofan sensory perception (Milgram, Colquhoun
1999). Therefore reality can be augmented by ugisgal, acoustic or haptic information (H6hl 20081
Zo build an augmented reality environment four edata are needed (Zeile 2011):

A computer with the required software, which seragsendering unit

A tracking system, which locates the position @ftuser

A recording device in form of a camera and

Also a display.

If all elements are fulfilled, four different tedljmes of augmented reality can be differentiatedh(F2008):
Projective Augmented Reality (PAR): With the useaoprojector digital information are shown on alrea
object.

Video See-Through (VST): Uses enclosed projectiassgps. The additional information is shown on two
small displays in front of the users eyes.

Optical See-Through (OST): Uses a semitransparémbmio show the virtual information instead of
enclosed projection glasses.

Monitor Augmented Reality (MAR): This technique plesys digital content on a monitor. Camera and
render unit play together to build a picture of ugmented environment on the screen.

The latest smartphone and tablet generations soeafile to realize a augmented reality environmien.
basically an advanced form of the monitor augmemeadity, because the user can now move freely in
reality. Only the required software in form of amgamented reality-browser has to be installed toeséne
rendering unit. With the built-in sensors like camp, acceleration sensor and GPS-module the tgpakin

is provided. The smartphone-camera works as rewgrdevice and the monitor displays the augmented
environment.

3 AR-TECHNIQUES — STAND OF RESEARCH

Current augmented reality methods can be devidedébform of localisation of the user’s point oéwi and
also the type of memory location they use. Depandimthe used technique there are some pros amsdloon
the following chapters the different AR-methods iateoduced and will be discussed.

3.1 Geolocalisation or Marker Based Techniques

The current MAR-methods use two different techngqu® locate the users’ point-of-view. The so called
gelocalisation uses the smartphone integrated G&fiHe to locate the user. To realize this kind of
augmentation the content is linked to the geopmsitivhich allows the user to view it when he reactine
point of interest. But the geolocalisation has s@modlems with the accurancy of the GPS-signahéfuser
walks through a street with high buildings or tredbe GPS-signal and the AR-content starts to ,jump

The so called marker based techniques want to shiggproblem, because they do not need a GPStsignha
anymore. The setting in which the content is supgdde be overlayed is saved on a server in forranof

—m REAL CORP 2014:
PLAN IT SMART




Daniel Broschart, Peter Zeile

image that works as a marker. If the user scancol@terpart image in reality, the attached conient
immediatelly streamed on the smartphone-screenagerver-synchronisation.

On of the well-known augmented reality-browsersLayar (Layar 2014). Layar combinates the two
described techniques of geolocalisation and mdy&sed localisation in one application. To viewd¢batent

in a geo-layer the user just has to choose the cighnnel and can now on explore his environmérite|
reaches a point-of-interest, the attached contembe viewed. In counter draw to this ,passive“lasgiion,
the user has to become active and scan every sitgiion while using a marker based augmentelityrea
technique to do the server synchronisation.

The technical restrictions to create this kind wfmented reality environment are reduced to a mimmit

is no more limited to a small group of people wlawérthe know-how to set up the server and builthep
contents. Now there are platforms like RADAR-platficof the DFKI Kaiserslautern (Memmel 2013) which
can be used for the accomplishment of geolocahseginented reality-visualizations. The marker baseed
techniques can also be realized by using a plattbiah uses a graphical user-interface: Layars oew n
platform ,Layar-Creator* (Layar 2012) uses drag-andp functionalities to attach the content to the
previously uploaded marker-images.

3.2 Streaming versus Local Storage

The described techniques of geolocalisation andkendrased AR-techniques from Layar always use a
server from which the content is streamed to thargghones. Therefore a mobile internet connectson i
always required for streaming the content. Simeltausly the quality of the mobile internet connettio
limits the level-of-detail of the content.

Another approach to solve this problem is to usgnaanted reality-applications which use their owealo
stored 3D-model-library. Applications like ,AR Mati (Inglobe Technologies 2014) and ,Sightspace 3d"
are using this kind of local memory space. 3D-mediEin be added to the application built-in librbgy
iTunes-synchronisation (i0OS), drag-and-drop (Andyar by sending the models as a mail attachement o
Dropbox-synchronisation. To build an AR Media-augtagion the 3D-model is attached to a marker by
using a plugin for well-known 3D-modelling applitats like Trimble SketchUp. In a second step the
augmentation can be realized by scanning a priveesion of this marker from within the applicatidrhe
marker is important for the scaling process of3Bemodel on the smartphone-display.

Sightspace 3D as a similar AR-application combihestechniques to attach a localy stored 3D-manlel t
marker or by using geocoordinates. If the modebisattached to a marker or a geoposition the cesealso
define his point of view with one touch on the stre

The application ,AR-Works" from UR-AR-Limited is il appliation which uses a localy stored model to
build an augmented reality visualization. On thatm@ry to AR Media and Sighspace 3D AR-Works is not
available as a mobile application. The AR-Worksaee is available for PC- and MAC-users and allows t
display different varietes of a model, on-and-afitshing from layers and a shadow simulation.

4 USE OF AR IN ARCHITECTURE AND URBAN PLANNING

The following practical examples illustrate the wsethe AR methods in urban planning and are afso a
example of just how well the link between reseanati practice works with regards to the content.

4.1 Talking Places and Urban Story-Telling

Which opprotunities are offered by the mobile ARheiques with regard to ther use in the fields of
architecture and urban planning? Due to the abilidyshow any content at a desired position, the
visualization of historic buildings at their formiecation or the visualization of structural prdgets a given.
The aim of the projct “Talking Places” is to enathle reliving of destroyed buildings, either degéw in the
Second World War, or simply temporarily demolishiedthe city of Kaiserslautern. Their influence the
city’s history is to be preserved bby using thigual project (Hesch 2011).

Another filed of application is describing eventighin the area: By linking audio files to the appriate
geo-position in the urban area, stories can beemehted in the urban space and offered in an avalio
through the city (D6rrzapf 2012).
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Fig. 2: Talking Places (left), Location-based audidright), (Broschart 2013 using Hesch 2011 (left)Broschart
2013 using Dorrzapf 2012 (right))

4.2 Discover and experience Architectural Culture withall your Senses

In the project “Discover and experience architeadtaulture with all your senses”, a digital toursanaeated
with the use of Layar, in this case leading thesidewn the “Eisenbahnstral3e” in Saarbriucken. Din¢eat

of the project, conducted in cooperation with titg of Saarbriicken, was to raise the awarenes$ief t
architecture from the 50s, since their specialuiest are anot often seen at first sight. Espedialtgrms of

the upcoming modernizations the people’s awarehesksto be lead towards the preservation of these
specific structures. Due to some “bad” reconstamgiin the past, the exaggerated details of theh&go0

be restored.

Fig. 3: Architectural culture meets technology (Brachart 2013)

The results were presented to the people duringpleming of the “Tag des offenen Denkmals 2013” in
Saarbriicken. The digital tour was offered as a eglitbur of the “Eisenbahnstral3e”, also a central
information booth with additional information inglorm of augmented posters and flyers was offdred.
those people, who could not participate in the tthese contents were also shown in form of an Adlilsl
model placed on a marker ath the information b¢Bter et al. 2013).
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4.3 Discussion of Variants based on different Markers

axs)

Fig. 4: Discussion of variants based on different arkers (left); shadow simulation with AR-Works (right)
(Broschart 2013 using Jost 2013 (left), Broschart®.3 (right))

Working with marker-based systems and local stomggems of AR Media or AR-Works, an ongoing
exchange during the development of a project wbelgossible. The customer simply prints out thekarar
and downloads the latest model. By placing variooslels on several markers the different variatwars be
discussed. If these markers are placed in a pHisibailt environment, the effects of the individua
variations can be seen and evaluated.

4.4 AR Development Plan

In a development plan determiniations are made lwinifftuence individual citiziens on how they carilthu
on their own property. Despite the obligation toblmh the plans, the problem remains of a layman
understanding the presentation. How should a pehson his own opinion on a development plan and
express it within the participation process, ifdamnot understand the content of the developmentiplthe
first attempt?

e rr=Ta TR U N revee

Fig. 5: The augmented development plan (own source)
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Based on this difficulty, different possibilitiesn chow building symbols can be transferred into a 3D
counterpart were developet into a thesis. With ititention to support citizens in translating theoiw
dimensional information there must be an adjustroéttte dimensionality to reduce the level of adstion.
Not only the presentation of the 3D development favirtual environments and virtual globes, bigbahe
area of augmented reality offers a way of commuimgathe contents of the plan: The plan itself agtsa
marker on which the planned constructions are shswgerimposed directly on a 3D model (Broschart
2011).

5 DISCUSSION AND CONCLUSION

Each of these techniques has its right to exidtdbpending on which one, it might not make sensgse it
to display and communicate the requred content. chiwéce of the tool to be used must therefore atway
depend on the specific content which is to be comaoatied.

If streaming can be used to make information ofva llevel detail accessible to a large group of sisére
possibilities of local storage can provide a higlesel of detail in terms of file size and complgxdf the
displayed content. In contrast to the limitationotigh the mobile internet connection, the AR-préstigon

in this option is simply restricted by the hardwaomfiguration. If even the possibilities of sméwdpe or
tablet presentations are exceeded, AR-techniquesbeaused, which are processed by notebooks ore
desktop-PCs. If the limitations of the actual ARduab are passed, a higher level of detail can be
implemented in a pure virtual environment (Virtéadality, short: VR).

SO &

4 VR A indoor design A\ VR-Environment
outdoor design
desktop-based
VR-applications single building

(planning process)

local saved file

single building AR+ VR

(history or future)

Level of Detail
Method

"
»Smartwalk Marker-based
videowalks streaming version

audiowalks

Level of Detail
Use Case

Smartphone - Besktop-border

AR-VR-border

JTalking Places GPS-based
S textinformation POls streaming version
”

Method

Fig. 6: Realizable level-of-detail and use casespnding on the applied method (Broschart 2013)

Depending on the possible levels of detail, whicdn de presented by the according applications,
corresponding use cases can be derived. Not oxrlyaeinformation, audio or video files, as well 2B
models with GPS or marker based streaming optimmsalso detailed 3D representations of buildingsao
local storage and detailed interiors in a VR envinent can be shown.

5.1 Meaning from a social Perspective

What is the use of the presented visualizationscangmunication techniques from a social perspeetiMee
communication between experts and interested pd@seahe goal of sensitizing the general populdion
topics concerning architecture and urban planriiig this, population groups that have only showighs
interest or possibly no interest at all for thesgids can be reached. With the playful approagblaaning
contents, people can learn about topics, which wiesre not familiar with before. This allows theonform
an opinion, which can be expressed in the furth@nrpng process. This is of great importance when t
planning affects people directly or indirectly atidty want to express their concerns in the padicip
process.

With the use of smartphones, tablets, and all @igitedia in communication processes, it must bd el
mind that this is another option to communicatenplaSocial groups, who (still) do not have the eeed
device, must not be ruled out from the planning padicipation process only due to a technicalibarifo
prevent this digital dividing, but at the same tioféering the people the benefits of new mediahia plan
communication, guided tours, commented visualiraticetc. could be a solution. In this case thergan
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takes the role of a mediating notary, whose roléoismpart important and relevant information o€ th
planning process for the citizens, so that thein @pinions can be formed.

At the same time it must be considered that thegmted techniques for the communication in therpian
and developing processes are not a one-way siiieat.means that the flow of information should anly

go from the experts to the people, but that thepleé® opinion of a project is of great importance &
planning office. The combination of these visuala and communication techniques with social media
platforms offers the possibility of such a resposygstem. After the local citizens inform themselwegth the
communication techniques, initially directed asree-sided flow of information, they can then senelirth
opinion back to the original sender in form of coemts. The requirements for a successful communitati
are therefore guaranteed if the elements of vigaikidin, possibility of interaction, additional coranis by
the expert (transmitter) as well as a feedbacktfondor the citizen (receiver) are equally respedctaind
used.

Despite the euphoria of the technical possibilifa@snew communication technologies, the princigheuld

always be kept in mind that the online does notkwathout the offline! The techniques are to bearelgd

as an addition to the tools already used by arcisiter planners. With the use of these techniqties,
communication in a planners or architects daily kmaill be supported, but should not replace thedtir
conversations and interaction with the people ined!

5.2 Meaning for Urban Planning

By introducing rather serious issues in urban glagim a playful matter, the interest of laymen tod/these
topics is to be inspired. Like this, they can fahmir own opinion and in a certain perspectivenizae to
the experts of the topics cencering themselvess fidpresents a first step of a development that geen
further: By using smart technologies, which carubed by every person, the field of urban plannéngade
into a kind of “do-it-yourself-planning”. Especiglwith regards to the combination of social netvitogk
technologies and the social desire to communi@atgetwork society will develop, which will chandeet
understanding of urban planning and thus the dreasponsibility of city planners fundamentally.| Abcial
groups can use smart technologies with the geemedes, (tag-cloud driven planning), to indepengentl
identify problems which they can then discuss amegnselves and develop opinions and suggestioas in
bottow-up approach.

The role of the planner will have to change, sineés the expert who has to implement the solutoamsing

from the “bottom-up” approach and check them inmtermf accuracy, correctness, and completeness. He
therefore needs to adapt to the role of notaryeér in the matter of verifying the ideas comingni the
citizens (Streich 2012).
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1 ABSTRACT

A main criterion of intelligent and smart locatioissthe fact that they support a resource-saving efdife
of the residents. Beside other aspects, the mplfithe residents is a very big part of this lifés. In big
agglomerations the level of motorization is alreadgreasing, but in rural regions there is oftdack of
public transport options which can be used frominhabitants instead of their own car.

The European co-funded Alpine Space project “MORB@@ability and residential costs” aims to improve
sustainable mobility and to foster better accel#s#s by supporting an optimized polycentric satibnt
development. The mainly addressed target groupgrarate households, planners, and mobility actsrs
well as politicians and decision makers. To fitdifferent needs, special tools were arranged awveldped
for each target group during the MORECO project.

These provided tools within the MORECO tool kit ayenerally possible to be used in every region or
municipality to be a part of an overall and strategobility management. The adaption level of thals can
be fitted to all local framework conditions as &srthe necessary data is available.

In regions where the mobility behavior is mainly-odented the tools can be helpful and motivatiag
improve sustainable mobility offers, especially dnese there is mostly no possibility to stop diseétiture
urban sprawl according to law. The practical ressalit of the project can be an incentive for otfieropean
regions and municipalities which also prioritizeianprovement in the field of sustainable mobility.

2 THE CHALLENGE

Economic and demographic dynamics lead to a decsitimo and a change of long-known and traditional
planning principles and individual behaviors. Trenike globalisation, an increasing number of older
people, an increase of single households, moréfeworking forms, and opening holiause peri-urban
areas, rising rents, and changing requirementaublicptransport services. To counter this develapniteis
more and more important to support a ressourcadtyeway of life. This becomes evident in the irased
demand for smart cities, a paradigm which shallesthese problems.

When we talk about smart cities or locations, weeha think about the following questions:
* What are smart locations?
* Are smart locations always smart? For everybody?
« How can people be encouraged to move to smartidmst

Referring to the “European Smart Cities” profeatsmart citiy is defined as “a city well performim a
forward-looking way in these six characteristiase(§ig. 1), built on the ‘smart’ combination of emaments
and activities of self-decisive, independent, amgra citizens”. This definition can also be adapted
regions or municipalities.

LvCO (2003): Mobilitat 2020. Trends — Ziele — Visen, p.21.
2 http://www.smart-cities.eu/index2.html
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smart Economy

Smart People

Smart Governance

Smart Mobility

Smart Environment

Smart Living

Fig. 1: Characteristics of a smart city (sourcép:vww.smart-cities.eu/download/smart_cities_fimaport.pdf, page 11.)

When we now think about the parts “smart mobilityid “smart living” we realize that one part inflees
the other very intensely. An important criterion$rhart Living (e.g. Quality of life) covers besidthers
cultural facilities, social cohesion, and qualifyhousing. Smart Mobility involves local and (irdgrational
accessibility> which is especially important when making a loagt residential location choice. In the end,
a city or a region is smart if the inhabitants gedple in charge act smart. Corresponding to thestopn
“what are smart locations?” it means that housdihgrindividuals or families should choose the kima
which fits the best to their special needs, esfigaighen it comes to accessibility of work placehsol,
leisure activities, or shopping facilities. Thissalincludes a sustainable aspect and leads to d@kke n
questions: “Are smart locations always smart? Rarngody?” A location which fits perfectly for one
household referring to the daily ways done by tbasehold members could be inappropriate for another
household. It always depends on individual needsstandards of living. Smart locations are defihgdhe
needs of their inhabitants and so there is no camamswer or statement if one location is smarteinegal

or smarter than another.

Furthermore, people often tend to move to subudsaas because real estates and rentals are oéaperh
than in denser areas. This behaviour is the ompo$ismart because the aspect of induced mobuisysas
mostly not considered. Moving to suburban areaksvbine if daily destinations are also in the sunding
area. But in many cases it causes long travel time#ty centres which also means high costs fobititp.
Although living space in city centres and other sieareas can be more expensive, it is compensgted b
decreased mobility costs because of improved aibilégs This knowledge leads to the third questitiow
people can be encouraged to move to smart loc&iohse intention has to be asked here to provide
information and tools for a better transparencythef relevant circumstances; not only for individgual
households which choose a location, but also ferésponsible persons which have to plan or dextidet

the future of cities and regions.

The main goal of MORECO is to develop some stratetpr these challenges.

3 THE PROJECT

The EU co-funded Alpine Space project “MORECO — Mgband Residential Costs” started in June 2011
and lasts until June 2014. It is a cooperatiod®fproject partners located in Austria, France,n@ety,
Italy, and Slovenia. Municipalities, regions, pmoses, or institutes which work togheter with locaional,
national political, and administrative institutioase additionally involved as partners and exteaxgerts.
All partners bring in different needs, experiencgdl|ls, and backgrounds. Dense areas like thesciif
Munich and Salzburg are presented in the projeetedsas sparsely populated and shrinking regides |
Val Belluno. Especially this mixture is necessarydach a winning mix of tools and strategies anensure
transferability into Alpine Space regions or otheeas. It is the declared aim of the partnershiimtbnew
solutions and reach an improved governance prdoessbetter steering of spatial and mobility plisugn

? http://www.smart-cities.eu/download/smart_citiesaf _report.pdf, page 12.
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4 THE TOOLKIT

To guarantee usable results at the end of the girgpecial target groups were defined in the begm
Each target group should be supported by the MORE®©( to tackle their needs in the field of resitikd
location choices. All tools applied together are thundation for an overall strategy.

4.1 Households

Beginning on the individual level the MORECO tootliivolves a mobility and residential cost calcateor
households to communicate the relation betweesidamtial location choice and the induced mobtibgts.
Private households shall be motivated to analyeé& thobility costs and shall be influenced to cleotse
most sustainable residential location. There ajreexist a few mobility costs calculators. Espeyiadh
Austria and Germany one can find some very in-telaveloped cost calculators for smaller or bigger
regions. Of particular importance are the mobidihd residential cost calculators for the metropolidreas
Hamburg and Munich, which were developed from thireap planning office “Gertz Gutsche Rimenapp”, as
well as the Austrian Mobility Pass for ResidentR#al Estate, developed from the research inst@&E
Alanova, since these calculators included esserdg@lirements which were also used for the MORECO
tools later on . These calculators are charactkiigea well-designed, web-based user interface,aabid
data base in the background. Beside these higlalfigad web calculators of course other mobilitydacost
calculators do exist which were mostly designedtber (often special special) requirements.

All calculators have in common that a big amountechnical computer skills, money, and working Isasr
needed for the realization. Since MORECO is an Hpin® Space project, the intention is to transfad a
implement common knowledge to the attending piletss So, creating another tool to calculate regide
and mobility costs for individual housholds was k¢ professed goal, but rather to create a singuk
foundation which all pilot sites can use and work ®his is the reason why the tool for the indidtu
households was created in Microsoft Excel, a prognawhich is easy to get and work with. This Excel
document can be downloaded for free on the prajadisite http://www.moreco-project.eu/ and offers a
quick and easy possibility for everybody to gebagh overview about individual mobility and resitiah
costs. As it is not linked with local data to a dpkregion it is not as detailed as one of the tinaed
calculators above. However, the benefit is thengparent calculation presented in a separate ftafieo
Excel document. This calculation can be used fgrfarther development, for example in a detailechlo
web-based version or a mobile application.

M)

HAUSHALT + ARBEIT WOHNEN MOBILITAT
Wohnorte Mein Verkehrsmittel Arbeitsplatze
1 "Wohnprojekt 1" Bitte wahlen Sie fiir jeden Arbei die fur Sie i g ausEl %
- B "Arbeitsplatz 1"
Einsteinstraie 3, n OPIY Auto PR FuBwegiRad

Minchen Arnulfstrafte 54

Miete, Wohnung, Bestand, 80gm Minchen
e er =

“Arbeitsplatz 17min 13min 27min 45min
! Fahrweg Fahrweg Fahrweg Fuliweg Anfahrten je Woche: 5x
ox 1x 12min
umsteigen umsteigen Radweg » weitere Ziele hirzuftigen

=

= ¢

Kartendaten Nutzungsbedingungen
Nachbarschaftsvergleich

Sie sehen, wie viele Autos Haushalte mit der gleichen Personenzahl in der

=] Weitere Wohnorte konnen Nachbarschaft besizen.

spater hinzugefiigt werden

So entscheide ich: Il

1 -
Autos

468% 41% 12% 0% T g

mehr als MVW-Abos
kein Pkw  &in Pkw zwei Pkw  zwei Pkw

+ Zurlck » wigiter

Fig.2: “WoMo” calculator Munich (source: http://wanmvv-muenchen.de/mobilitaet)
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Fig. 3: Mobility Pass for Residential Real Estatau(se: http://www.mobilitaetsausweis.at/advancedl/meadul2.php)

3. Regular Trips (all household members)

( This chart is the foundation for the calcwlation of your variable mobility costs. Please fill in the regualar ways which are done in your househoid from ail household

members.You can chose between ways done with public transport or done with a car you own. You can specify the car attributes {engine, size, used fuel) in the section "4.
maobility costs". You can also add the estimated time you need for one way, this helps to calculate the expected time budget for your chosen ways.

Trip Public Transport Means of Transport
Purpose MNumber of trips Per Estimated time; Additional ticket price | Specify car Total Distance Driving
one way (bidirectional if not (bidirectional) profile
(in minutes) covered by season ticket)
Work/School 5 Month 45 € Car 1 km Mixed
Waork/School 5 Month 20| € Car 2 km Mixed
Shopping/Other Tra 2 Month 10| € Car 1 km Mixed
Leisure Activities 2 Month 15 € Carl km Mixed
Leisure Activities 2 Month 20 € Carl km Mixed
Month € km Mixed
Month € km Mixed
Month € km Mixed
Maonth € km Mixed
Month € km Mixed
Month £ km Mixed

Fig. 4: MORECO Excel-based Cost Calculator for houskh¢dource: own graphic)

4.2 Planners and mobility actors

The second tool designated for the target groyplasfners and mobility actors aims to help the resjibe
persons to identify suitable locations for settlatneevelopment and to compare different locations
regarding the level of local supply and public #aort accessibility etc. The tool should help tppsrt a
sustainable settlement development by using gebgapinformation systems (GIS), models, spatial
indicators and geospatial déta.

This tool framework is divided into three parts:
¢ Regional Analysis

This part of the tool describes core indicatore Igpublic transport structure, land use, demographit
commuting data etc. Outputs are maps, diagramsdditional explanation texts. The tool indicatoms for
example distances in minutes and km, number oflatipn, fuel prices, or density values of settlemen

e Settlement Assessment

* See: Haslauer, E.; Prinz, T.; Schniirch, D.: Fraanks of MORECO Tools for Planners and Mobility Acg, p.3.
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The settlement assessment analyses local areasroimgctheir suitability for residential locatiolisked to
future induced mobility costs for the inhabitant® producequalified results the tool analyses dista
between residential locations and possible worlcgda shopping facilities, schools, and other public
infrastructure facilities.

e Mobility Planning
The third tool part aims to support sustainable ifitpbplanning based on a well-working and well-
conceived public transport system. Short ways amdix@d settlement structure are a foundation for an
efficient and affordable mobility. Thus the tooles to foster short ways by showing potentialsftaure

expansion of transport axes or additional statiofise outputs are indicators like for example the
accessibility potential, potential number of ugevalking distance), or service areas.

T .
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Fig. 5: MORECO tool for planners (source: MORECO Brus3élink Thank Poster, designed by ispace 2014)

During the development it was also the aim to ereiiding frameworks for implementing the toolshe
different pilot sites.

4.3 Politicians

For the target groups of local and cross-municpmdicy makers, MORECO provides a lot of information
material, like a broad slide pool to inform themssl and brief other stakeholders or inhabitantsearing

the topic of sustainable mobility. This target gramas chosen because of their responsibility ferftiure
development of the local settlement structure wimcludes decisions concerning zoning or publiogpsort
aspects. These policy makers are usually politec@another professionals which have to make therasel
familiar quickly with expert knowledge for speciatcasions. They do not only have to inform themeslv
but also transport important messages in a simpleuaderstandable way to the population. The MORECO
information tool, that came as a broad power psiicte pool, can be a helpful assistance in thel fadl
mobility and residential costs. These power polittles are available for free and are structured the
following subchapters.

«  The MORECO project
Why is MORECO of interest to you?
* Facts, background, trends
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* Impacts on actors

» Good practices/Opportunities for the future

* Practical MORECO tools/MORECO tools for households
«  MORECO tools for spatial planners and mobility asto

«  MORECO tools for policy makers

in the city

Choosing a housing location

Choosing mode of transport
Commuting by car

4 | \ \
T . ofluncaam: : \
Private benefits i A sowce

- Tan hink dancin ‘
nnnnnnnnnnnn -

- Physical proximity BivateBosts
u amenities & - i
13 g amentdes Choosing a housing location  private benefits - Long commuting times
- Working place/ living place in suburban areas/villages - Better access to employment - High travel costs
near each other opportunities - Health problems
- No need for a car B - Combining trips to work + other daily trips | _ Psychological problems
- Good living quality @, [ - =7 Ay - Less opportunities to meet people
in high price areas aad

£
=

@morcco

Private benefits Private costs
- low-density living - High mobility costs in the long run
- natural areas, private garden - High dependency on car
- Lower crime rates - Greater stress due to journeys to work
- More living area - High time costs
- No costs for inherited building sites - Risk of loss of property value
- Quality of life is higher
@morcco M—l

Fig. 6: MORECO slides for policymakers (source: MORER@ver Point deliverables, designed by SIR 2014)

i 1. Wohnen I 2. Mobilitat I 3. Ergebnis I 4. Alternative l 5. Vergleich -
Zeitraum IMDnat i ?
Monatskosten (£)
Kosteniibersicht Rupertgasse. Radnitzkyst. 2000
Gesamtkosten (€) 1.536 1.285
© Wohnkosten (€) 1.000 740
©  Mobilitstskosten (€) 536 545

Bewertung der Arbeitswegezeit
it 0| € pro Stunde: ? o o

Weitere Ergebnisse Bahn / Bus

Sonstiges
Reisezeit gesamt (Stunden) 1 14 18 W Kraftfahrzeuge

B wohnen
0O  Strecke gesamt (Kilometer) 1 123 204

Zuriick

:@ MOreco mﬁ Smart locations for better liveability

N [IBElisPACE

Alle berechneten Werte sind als Indikatoren zu verstehen. Es besteht kein Anspruch auf inhaltliche Richtigkeit, Vollstindigkeit oder Aktualitat. Disclaimar Feedback

Fig. 7: The household calculator version implemeritethe Salzburg pilot site (source: www.moredo.at

It is possible to use the whole slide pool or gelected files or images. The slides are desigméthglish
language, but also available in German.
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5 THE IMPLEMENTATION PROCESS

5.1 State of implementation

Within the MORECO project the pilot sites decided their own which tools they want to implement.
Depending on their local problems and potentiaty ttid not only select the tools, but also decidbdut

the way of implementation which was mostly impottéor the household calculator. There are already
running several versions of the MORECO cost catoulbor households in five different pilot sites:om
simple translated Excel versions up to detailedelbped web-versions various adaptions have been
implemented. In the Salzburg region for exampleedb4vased calculator was drafted which includes live
interfaces to the local public transport organgatiThe results includes suggestions for diffeqguiblic
transport tickets which raises the quality of tkalhility.

In comparison to the Salzburg pilot site, the Stoae project partners decided to provide at firsiraple
calculator version of the translated Excel docunatitout live interfaces or maps. It is destinedl&velop
another sophisticated version of the tool in a sdcstep, but it was their intention to provide atfand
simple solution for private households. In the digf the household calculator the adaptions arg ver
diversified, because the further technical develepnof the Excel version has to be done from that pite
stakeholders themselves.

| Nazaj na prej8njo stran |

Vnesite podatke o Stevilu adraslih in Stevilu otrok v gospodinjstuu

Cena gradbenega zemljiééa i} €

Records 1-1of 1 Cena hide/stanovanja 0 €

Stevilo odraslin Stevilo otrok Davki in strodki postopka 0 &
D 2 Drugi strogki 0 €
a Skupni stroski 0,00 €

Lastna sredstva o £

- ool i Znesek posojila 0,00 €

Obrestna mera o
Doba odplagevanja o let

Meseéno odplaéilo pasojila 0,00 €

stroSke, napr. z

Nasiov Vigina najemnine ali posojila na mesec Dodatni siroski na mesec Celotni znesek obresti 0,09 s

0 0 Preratunaj posojilo

Namen Stevilo potovang Na enoto Cas potovanja/ena smer Cena vozovnice Vazila Razdafis Profil

R [l Tl o g [1 =] o [1 =]
L mE ” [7 =] © [/ =]
A [ & e g [7 IR [/ =]
| [ &l e 1 [7 [« © ] =]

Fig. 8: The household calculator version implemeritethe Slovenian pilot site (source: http://mareirs.si/Domov.aspx)

However, the planners tools of the pilot sitesdgsigned as technical frameworks and the pilos $itere to
deliver the respective data to the project pari®&tACE (an Austrian research institute) which is th
designer of the tool. ISPACE implements the debdedata into the tools and provides the local warfor
the pilot sites.

5.2 Transferability

In general it is possible for each region or mypatity to implement and use all developed MOREC@<o
Especially the household tool and the slide poopfdicy makers can be used without any great effidre
tool for planners and mobility actors also canrbplemented everywhere — according to the availdate,
different levels of implementation are possibleeféhalready exist a lot of Europe-wide surveyea daiit

in a few countries there is still a lack of exhawesinformation and in an international comparisbe data
availability becomes increasingly different. Therf@ general version without any data running in the
background was developed as well as a more autowatsion with some local data on municipality leve
was integrated resulting in a trird, almost fullt@mated version with a large database behind.
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Fig. 8: Implemented planner tools (source: MORECO &#lssThink Thank Poster, designed by ispace 2014)

6 THE CONCLUSION

Out of the MORECO project resulted a handful ofiddo raise awarness of the relation between nigbili
and residential costs from an overall perspecByedefining target groups at the beginning of thejgxt it
was ensured to focus on the needs of differentlycemed people. The intenstion was also to offer
possibilities to each municipality, organization. ather stakeholders which want to implement thalsto
regardless of their personal or financial ressaurtbe aim of the project, namely raising awaremnéshe
relation between mobility and residential costsva#i as developing tools to inform and visualizeswhus
achieved. Furthermore, the implementation procé#iseotools was part of the common work. Nevertbgle

it becomes more and more important now to fostertéinget groups to use the tools. These tools gomd
foundation to support smart cities and regions, thete still remain some unsolvable problems lige f
example unlogical decisions: individiuals and hdwdes which are bonded to areas or places, maybeadu
their family, friends, or other social networks,llwirobably not choose another residential locatjiost
because it is more cost-efficient. Social aspeletg an important role in this context; but, on ttker hand,

it can also just be an image of a special arealwhithances the attractiveness to live there sinee t
responsibles do not always decide in an altruistxy: Growing regions still have a better image than
shrinking ones and this often leads to designatidmew building zones in peripheral areas withegiood
accessibility to public infrastructure.

In general, the long-term goal of the project ismiake the topic “mobility and residential coststaily
matter for (re-)planning of settlement structuréhese aspects influence the quality and smartngss o
residential areas a lot and MORECO can help tosagbese smart locations.
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1 ABSTRACT

It is argued that Building Information Modellingctenology bears significant potentials for enhanagnoé
more integrated design and planning process, amhefu more for life cylce managament of built
environmet. Through creation of a joint model, s&gvas common knowledge base for parttaking
disciplines, the knowledge from the design pahseeasily be transferred into the operational phBHd.
offers a powerfull tool for monitoring, optimizaticand simulation of building operation, buildingsash a
platform for data transfer and management nece$siatlye management and governance of the smgrt cit

This paper will presens the results of the emginesearch —a multidisciplinary student experitreznried

out at the Vienna University of Technology, witle tstudents of architecture, civil engineering araster of
building science. In the course of the empiricaesrch a multidisciplinary design for energy eéfiti

building structure is simulated, using various Btbbls (for architectural and structural modellingda
simulation, thermal and light simulation) and tegtthe interoperability as well as the procesgiraton.

The special focus lies on the test of interfacascraicial factor for process integration, satigtactand
efficiency, which was demonstrated in the pilot enkment. Two BIM models “one-platform-BIM” using
proprietary interfaces and “open-BIM” using IFCdrface will be evaluated and compared in terms of
efficiency of data-exchange and transferability, veall as in terms of satisfaction with process and
collaboration.

Finally, the results obtained from the experimerit he compared to the experiences gained from the
practical case study — BIM use in two planning irmin order to identify optimization potentialg fine
planning practice as well as key performance irtdisafor integrated design supported by BIM tools.

2 INTRODUCTION

2.1 Why Building Information Modelling

The AEC (archtecture, engineering, constructiodustry is under growing presssure in terms of redoc

of time and cost, and upkeeping of quality with @ii@neous increased requirements in terms of erandy
ressources efficiency. New tools are needed foeasing of process integration on the one sidef@ntthe
successful life cycle management on the outher. BBMilding information Modelling) Tools as emerging
technology has been advocated to be able to mieet tle mentioned requirements. C. Eastman (1996),
BIM pioneer, introduced building modelling concdyaised on the notion of a database of building al¢sne
(building description system) in the seventies. Eaely technology has been developed in 1980, girou
introduction of ArchiCAD as the first BIM softwardowever the break through on the market was only
possible in the new millenium, due to the matuiddCT, which again enabled the data exchange hatwe
different toos (HVAC, RFM, cost calculation timessitling — 5D BIM).

Numerous BIM definitions are used by academics arattitioners, ranging from the view as software
application, as a process for design and manageohéiné¢ building through out the lifecycle (Araniitena

et al, 2008), or as a whole new approach to thetige based on so called integrated project dglifferins
and Owen, 2010). There is a joint agreement thatessful BIM implementation is supported by
technology (software, interfaces, data mangemgeple, process and policy and carried out in sgver
stages (Succar, 2009): pre-bim, modelling, collation and finally integration.
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Through integration of the multiple models of diffat parttaking disciplines and through capapitfy
visualization, simulation and management of théding through out the life cycle BIM is a promisiigpl
to support life cycle oriented integrated planning.

2.2 Problem Statement

BIM is experiencing much slower utilization by tA&C practice than the CAD at the time, especiallyhie
Central European region. Even the Western Europearket is lagging behind the US market in BIM
implementation — according to the McGraw Hill (2D@8udy, the BIM utilization in Western Europe 893
where as in North America 48 %. The architectddeatified as main BIM adopters.

What are the possible reasons? One of them istithéighliy fragmented planning practice, lackinige
integrative experience, which is a preconditiorstegcessful BIM implementation. Secondly the stagslar
and policies are lacking, differently so in e.ge tnited States (Penn State 2012, AIA 2014) ohanWK
where BIM is obligartory in publc projects from ZD1Kiviniemi, 2014). Further on, the investors are
important driving force for BIM break through oretmarket — as long as IFC models are not requiyetido
public investors such as it is the case in the @carian countries (in Finland since 2007, in Noywgince
2010) (Wong et al 2010) it cannot be expectedBifisit use will be accelerated in the AEC market.

3 RESEARCH DESIGN

3.1 Research intention

This paper presents the first results of the reseproject BIM_sustain, funded by FFG, carried ast
cooperation of Vienna University of Technology aseven BIM software developers and consultants.
Through the project the strategies for time- anst-efficient BIM-supported planning should be deywsld,
where by not only technology issues (software cdibifity, data exchange and transfer, informatioades)
but also people (skills, knowledge) and procesggization of work-flow, model building, coordinari,
change management) should be assessed, and §aally as basis for policy making and standardizaiio
national level. The cooperation with the industnaleles immediate compilation of customized software
solutions and improvement of the tools after idaation of the deficits through research.

In order to identify potentials and deficites ofMBlin interdisciplinary building design, we organize
student experiment. We simulated a BIM supportaggirated design of energy efficient structure in
interdisciplinary teams consisting of architectustructural engineering- and building science stiisl The
teams worked with different software constellatiohso teams in so called one-platform BIM using
proprietary interfaces, the other 10 teams in gpatform BIM, using IFC interface. We analysed the
people-process-technology triangle, testing procasd software satisfaction (people), efficiency arork-
flow organization efforts (process), respectevlftvgare compatibility and data exchange (technologyie
simulation thereby enabled quantitative (time sheativity protocols, inquiry) and qualitative ¢fts group
interwievs) assessment of the BIM supported plamnin

In the next step we analysed the BIM use in twgdageneral planners’ offices (both comprising the
architectural, structural and HVAC modelling); wheme of the offices works with open BIM and thieest

in one-platform BIM environment. The analysis wasried via open-ended interviews with BIM managers
and responsible planners, and the results were a@upvith the data we obtained from the experiment.

3.2 Student experiment

Through explorative research - an experiment with gtudents of architecture, structural engineesing
master of building science in the framework of BidM-Sustain research project - we simulated diffitre
collaborative, interdisciplinary design for sustbfe building of complex geometry. Thereby an
architectural, structural and thermal model shdwgdcompiled and optimized by the student teamsgusin
various BIM tools. In the winter semester 2012M8 first experiment was organized serving as pélod in
the winter semester of 2013/14 the subsequent iexpetr has taken place. The experience gained throug
the pilot experiment especially related to the tdartding, modelling and model exchange, and saftwa
combinations was used for the improvement of tileang experiment.

In this paper we will present the results of thstfexperiment, and compare these to the BIM péimemn
the AEC practice.
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In the pilot experiment 40 students took part, fioignll teams. Each team was using different sedfup
software combinations for architectural, structueald ventilation modelling, structural calculation,
dimensioning of ventilation and thermal simulatidhereby testing the software and the interdisaiply
data exchange (Table 1). Special emphasis was emsbessment of the benefits of one-platform BIM
(teams 1 and 2) versus the open-platform BIM comtimns (teams 3-11).

Through the analysis of the primary BIM data andtesl process documentation we were able to identif

the heterogeneous problems of BIM supported plannin

Team Architecture Structural Engineering HVAC (Ventilation)
(Simulation in TAS)
CAD CAD FEM CAD Calculation
1 Allplan Allplan Scia Engineer Allplan Allplan
2 Revit Revit Sofistik Revit Plancal
3 ArchiCAD Tekla Dlubal RFEM Plancal Plancal
4 ArchiCAD Allplan Dlubal RFEM Plancal Plancal
5 Revit Allplan Scia Engineer Plancal Plancal
6 ArchiCAD Allplan Dlubal RFEM Revit Plancal
7 Allplan Tekla Sofistik Revit Plancal
8 Revit Tekla Scia Engineer Allplan Allplan
9 ArchiCAD Revit Dlubal RFEM Plancal Plancal
10 ArchiCAD Allplan, Tekla Dlubal RFEM Revit Plarica
11 ArchiCAD Tekla Sofistik Revit Plancal

Table 1: Teams and software combinations usedperaxent

Through so called fault-tree analysis the data fthbagrams were compiled for each group, describlizig
transfer and software compatibility issues.

The fault-tree analysis shows, that transfer to bwlding physis software (EDSL TAS, Dialux,
Archyphysik) is equally difficult in one-platformsain open-platform BIM, resulting with numerous
problems, due to the fact that most of the softwdwes not support IFC interface, but the propretar
interfaces, e.g. Gbhxml. Reported problems: roomgtdoes not work, software crashes at import, waaks
not recognised correctly, blinds are missing, baoddelements not recognised, missing elements, avisd
not imported, result with remodelling or complewnmodelling in the building physics software. (Eig
Fig.2).

In terms of model transfer for structural enginegrihe one-platform BIM (via proprietary interfadeams
report less difficulties, however even here proldeappear with complex geometry (round walls) and
creation of simplified architectural model is nesay.

The transfer-analysis in HYAC modelling displaysgeneral problem in data transfer via IFC that room
stamps are not recognised, or interpreted wrongly.

DATA TRANSFER REPORT: Revit 2013 to Sofistik / SofiCAD DATA TRANSFER REPORT: Revit Architecture and Building Physics Applications
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DATA TRANSFER REPORT: Revit 2013 to Allplan / Scia DATA TRANSFER REPORT: Revit Architecture and Building Physics Applications
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Fig. 2: Fault tree analysis for data transfer tactiral engineering and building physics softwareTeam 5 (open-platform BIM)

For the detailed process-analysis the time sheets wsed for the analysis of activities and reldbee-
efforts. This allows drawing the conscusions onwekflows and efficiency of the planning processnzll
as the identification of the problems. Next to thquiries for the evaluation of the satisfactiorthwihe
software and the planning process, the focus gmatepviews were conducted for the tree functiomalugs
of architects, structural engineers and buildirigreésts. The content analysis allows the iderdifin of the
concrete problems of the each discipline in theedrof interdisciplinary cooperation and in thecisestep
the compilation of best practices for the improvatrd the planning processes.

50

Usability Usefulness Interoperability
mARCH =ENG m=mBS

Fig. 3: Results of the inquiry for the technologpexts
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Fig. 4: Results of the inquiry for the people aspect

REAL CORP 2014:
/]
REAL m PLAN IT SMART



Iva Kovacic, Lars Oberwinter, Christoph Achammerchéel Filzmoser

Focus group analysis shows that the topic of iprability and content related discussions domitiate
focus groups, the early cooperation (team, orgéinizaand software) are seen as positive for futuoek,
which implies on necessity of a teaming workshaptlf@ future experiment (or planing practice). Bosi
experiences outnumber the negative ones, espeuidhiythe successive disciplines (structural engjimeay,
HVAC). The stress and time pressure in the lattanmpng phases require for better time management,
which can be met by more careful design of the mitamprocess, through definition of workpackaged an
milestones.

The inquiries show that interoperability is of gremportance for structural engineers and buildingentists
in the interdisciplinary team, but is seen as vamgblematic. They are also satisfied with the psscand
result, where as the architects are less satigfihcthe cooperation. (Fig. 3, Fig. 4).

3.3 Case Study — BIM in the planning practice

In order to verifiy the data obtained through thedent experiment, we conducted a research of kiWeuBe

in the planning practice on the cases of two ldnges, which both pioneered BIM on the market (garl
users). Via open ended interviews with BIM managamnd responsible planners, following issues were
questioned:

1. Which software do you use in the office for:

Architectural design, Structural Modelling, Stumett ~ Simulation/Calculation, HVAC
Modelling/Calculation, Building Physics, Cost Esdition

2. Describe the BIM work-flow in your firm - for vith constellations you use 3D data transfer, foictvh
other (2D, lists)? How does the information flomck in the originary model?

3. Where are you experiencing the largest dataé¥sklow do you solve this problem?
4. Where do you see the largest improvement paiefiti
5. Can you clearly identify the benefits of BIMyinur company?

3.3.1 Case A

Case A is an integrated building design and plapfiinm, counting to the largest in Europe, usindvBI
since 2008, comprising architecture, structural lHN&C engineering, construction mangement howewer n
building physics.The services range from the pnognang, architectural competition till project tuney,
including architectural, structural and HVAC buiidi design, planning and management (cost planmidg a
management, site management). The firms’ focus ris collaborative integrated design involving
architectural, structural and HVAC design. The fiemploys app. 500 engineers and architects and is
located at several locations across Europe, diginidp the work along locations. The firm works ines
platform BIM using Revit for architectural, strucaband HVAC modelling. Interviewed were BIM manage
and BIM responsible planner (Table 2).

The company works in one-platform BIM (Revit) empfgg Revit Architecture, Revit Structure via
proprietary interface in Dlubal REFEM or RSTAB fmalculation, Revit MEP with Plugin Magi Cad with al
of the object libraries for HYAC modelling, SolamcGebis for Ventilation calculation

5D BIM (cost planning and scheduling) is carried wa ITwo and RIB, by automated calculation thrbug
extraction of masses, interfaces for bidding pracedre still in development.

Quality control is carried out using Solibri cheftk clash detection, check of loadbearing elemamngs)g
IFC interface. The firm does not employ BIM assesinmeanagement tools or instruments.

3.3.2 CASEB

Case B is a general planer, offering full scopaearfvices from construction planning till projectrtaver;
structural engineering, HVAC, building physicsgfprotection; construction management, cost plapaird
management. The firms’ focus is on engineeringisesvand construction management, less on arahigct
design. The firm employs app. 180 mainly engineerd some architects, consisting of the headquater a
two futher smaller locations, also using joint I@Wrastructure and joint project set up. The firsnuising
BIM since 2011, as open-BIM, which allows workinghieterogenous software environment allowing data
exchange among specific tools of each discipline.
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Interviewed was BIM manager, who was responsibieBid/ introduction, implementation and setting of
firm’s standards (Table 3).

Interviewees BIM Manager BIM Planner

Categories

DATA LOSSES The largest data losses towards buldirt is simplier in the house — all use the same
physics, since these do not read IFC. model, more difficult out of the house |-
Further dataloses are experienced towerds @ifoblems with construction companies the
firms out of the house - constructigninterfaces do not work, data loss.
companies etc.

BENEFITS A benefits is better integration, everypodTime-reduction in project-execution, some

needs to communicate with each other, legwojects would not be possible without BIM
clashes (Solibri), finally possibility for due to the time pressure.
quality management, Design phase is faster.
Calculation of structure is faster due to the
premodelled structure from architectural
model.
Benefits for subsequent planners — e.g indugrial
planner can use the digital building model gnd
for the positioning of 3d machines, whigh
before BIM was not possible.
Quantitative assesment is difficult.
IMPROVEMENT POTENTIALS Improvement is necessary &ds building| Satisfaction — the education is important, easier
physics; it takes huge effort to remodel whemandling increases satisfaction
data is transferred.
There is still a break between competitiprLargest amount of time is used for the decisjon
and architectural planning (competitions arenaking, which cannot be taken over by Revi
not modelled in Revit).

Definition of the level of deatiling —a lot of
effort was put in to too high level of detailing
for design model
Life cycle management : BIM as built wh
should update the planning stage BIm mode
Data exchange across locations does not work
well, technical problems with central model
Inhouse: bi directional BIM; out of the housg
one way BIM

Table 2: Categorised statements Case A

- O

Interviewee BIM Manager

Categories

DATA LOSSES Greatest data losses are experiencetiein
REFM transfer (structural simulation).

BENEFITS The greates advantage is the workflow

systematization as well as the automatised
project set up, which substantially contribyte
to the improvement of collaboration and data
exchange.
Very difficult to asses quantitative BIN
benefits — every project is different, how o
compare?

IMPROVEMENT POTENTIALS The highest improvement pafels can be|
identified in data exchange between building
model and building physics, since these |do
not work with IFC.
Still dificult is to generate usable 2D
drawings from digital modells, that would ¢
along with e.g. ONORM standard.

Table 3: Categorised statements Case B

o

The firm is using a wide spread of different softevaBuilding modelling is carried out in ArchiCads(
originary model), structural modelling in Allplanalculation in Scia and Tower; HVAC modelling asliwe
as the calculation in Cats (Autocad Plugin), cdsinping uses BIM modell for automatised mass and
volume extraction for customised xls-based calaatbuilding physics is using Archphysik, TAS (whiis
de-coupled from the BIM process) and Dialux.

All of the models are coupled in one joint projset-up in Navisworks or Tekla BIMsight, which cagriout
collision proof and quality management, directlyessing the affected planners via mail.

Basis for this procedere is the standardised stredor all projects and all disciplines, using theme
project set up. The advantage of such set unas,dvery user is working in the existing, alre&dpwn
software environment, however in structured wayicivlenables data transfer and exchange.
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From the originary Archicad model both 3D and 2Dadis transferred to the structural engineering and
HVAC; bidirectional exchange is given between duited model and ventilation model into the origipar
model.

The firm does not employ BIM assesment managenoeig or instruments.

4 CONCLUSION

The examined cases, seen in the context of onfptaBIM versus open-platform BIM show similarities
identifed benefits and deficites. In both casesitimp@rovement of data exchange towards building jgsys
tools is seen as the most important issue. Botlescage as largest BIM-benefit the enhancement of
integration and collaboration. Both cases identtig necessity of standardization and policy (levkl
detailing, modelling normative or standard).

The cases confirm the experiment findings, whem titansfer towards the building physics software
(thermal simulation, daylight simulation) was burdd with numeous problems. Further implication from
both experiment and cases, is the necessity famodigh work-flow and process organization - more
intensive than in 2D CAD design and planning -lides to gain full BIM benefits.

The experiment and case study could not identdpiScant advantages in terms of data transfecietficy

of one platform BIM over open-platform BIM. In tlexperiment, the teams 1 and 2 must employ other BIM
software as intermediate step or use Gbxml inteddo transfer data to thermal simulation softwhogh
cases resulting with data transfer losses, teanet experiences problems in the ransfer of stratuaita
using proprietary interface in own family.

The case A, despite working in one-platform envinent, uses IFC for quality control via Solibri, and
leaves thereby the Revit platform. The BIM managfethe case A even sees a necessity for the bgildin
physisc software to support IFC interface, as thiearsal interface enabling standardized data exgda

It is questionable if the one-platform BIM as cldsg/stem is a viable concept in the practice -casn s
additional consultants or companies are parttakinghe project, a standard must be met to be able t
exchange the data bi-directionally, which agaithéstrenght of open-BIM concepts which allow fdfinite
expansion and data exchange in the planners network

The research implies that a thorough analysis rofisfi demands, workflows and working procedures is
needed as the first step in BIM implementation.t@uized solutions for each firm, based on careédigh

of workflows and communication, generation of jadi@ta-structures and project-set up play crucial far
sucessful implementation. There is no ideal satufane-platform or open-platform) or out of boxig@n.

None of the cases is employing a measurement mathgndor assesment procedure in order to evaluate
BIM benefits or perform benchmarking, which is adevispread and recognised problem (Barlish and
Sullivan, 2012, Bercerik-Gerber and Rice 2010).r&fare, is still difficult to quantitatively deteine the
business value of BIM, especially in the Centralrdpan region where the experience with BIM in
interdisciplinary planning is limited. In the nestep, a metrics system for measurement of BIM litsnahd
strategies for stage-wise BIM implementation suédbr Austrian market should be developed.
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1 ABSTRACT

In this paper we present the results of integragimgaphical editor for geospatial processing work$ into

a 3D GIS. We use modular domain-specific langug@¥sLs) that are tailored to specific application
domains. The vocabulary consists of so-called excifhat are grouped into cookbooks representing the
language for a certain application domain. Recigas be reused in multiple cookbooks. This approach
allows for a good usability as the user quickly dmes familiar with the domain-specific languages by
recognizing common recipes. In this paper we aészibe guidelines for choosing the right grantyaior
recipes which allows for complex rules while ussigplest possible recipes. We also describe a \eoovkf
for domain-specific language design based on ogimboto identify the correct domain vocabulary. Our
approach can be used to automate processing opaedsdatasets in the area of urban planning. To
evaluate our approach we use the implemented gaphile editor in a practical scenario and presidnta
user group from the urbanAPI project.

2 INTRODUCTION

Geospatial data is used in a wide range of appdiasit One of them is urban planning where spat ds
used for urban assessment or simulation of plandiegsions as well as environmental and disaster
management, etc. These applications often regh&#edbmain expert to integrate or harmonize data, to
process it in order to derive new information, 8eut as input for simulation algorithms, and fipato
visualize data in order to assess the results. yithaese steps are mostly performed manually usarggdard
GIS software. This can be quite tedious, especiélthe planning scenario is complex and is subject
discussion—Dbe it amongst urban planners and mualidecision makers or even in public. Discussion is
inevitable in urban planning and of course a usifsirument to improve urban development. However,
expectations of stakeholders often change throiggusision. If this happens constantly, urban plesnl
likely have to process all the spatial data agaith again. If they have to do that manually, newatiens

will be rather lengthy and presumably expensiveiofated processes can help alleviate this problem.

Today, the amount of spatial data to be analyseldpancessed grows continuously. For example, modern
satellite imagery produces more data per day tharoduced during several months a few years agerer

is a growing need to analyse this information foplecations such as urban planning. For example]lga
images showing development over several years earséd to estimate or simulate urban growth. Sewaych
LIDAR data for special geological formations cart aoly help assess areas for urban developmerdaldoit
recognise environmental risks such as landslidee. [arger the data to analyse becomes, the more the
domain expert depends on automated processes.

One way to automate processes in today’s GIS sodtwsto use scripts written in a general purpose
language—for example Visual Basic or Python as sedhe proprietary software solution ESRI ArcGIS.
On the other hand there are some products suchfasSeftware FME Desktop that try to ease the @®ce
definition by using graphical elements such asrdiag or graphical workflow representations. Howeirer
recent years another approach—which is actually-kmglwn for quite some time in computer science—has
become more and more prominent. In order to allearsi with non-IT background to specify complex
configurations, rules and workflows, so-called dowspecific languages (DSLs) are used. Such larggiag
have a limited vocabulary that is tailored to sfieapplication domains or even single use cas&l.D
allow the domain experts to express problems iir thh&n words, in fact to program complex workflows
without the need for a background in computer s@er a deep understanding of programming.

To summarize, for urban planning large amountsabé ¢have to be processed over and over again.r€urre
automation solutions use general purpose languagesther graphical representations that are quite
complex, probably hard to understand for non-ITspenel and hence error-prone. Domain-specific
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languages can help reduce the complexity of a Bpgebblem to an application domain that is wellekvn

to the user—i.e. the domain expert. In this papemwesent the results of integrating a graphicabebr
domain-specific languages into an existing 3D GM& use chainable production rules to allow the tser
create sequential workflows. We describe the bgsaenmar for our languages and the Ul elements we
implemented. Finally, we evaluate if our soluti@mde used reasonably in a selected scenario.

3 STATE OF THE ART
Domain-specific languages (DSLs) are languages thélfollowing properties:

e They are tailored to a specific application don@iven to a single use case;
« The language’s vocabulary contains words well knéovihe domain expert;
e The language’s expressiveness is rather limited.

The latter means the language cannot be used hergepurpose—that’'s why it is indeed called a doma
specific language—nbut instead it is a lot easiantderstand and to use for non-IT personnel.

In computer science, domain-specific languages e used for quite some time already. In the IETF
protocol specifications, for example, DSLs are veften used to facilitate interoperability becaudlsey
avoid machine-dependent minutiae such as encodgugs. Apart from that, in the UNIX operating syste
you can very often find DSLs in configuration fildsor example, the Apache HTTP server configuration
files are written in a special language using wdiden the domain of web server configuration—e.g.
RewriteRule, Redirect, Proxy, etc. Furthermore, B8te also used in database management systems. SQL
for example, is in fact a domain-specific language.

DSLs can be created in various ways. Martin Foglees a comprehensive overview over domain-specific
language design (Fowler, 2010). He differentiatetsvben internal DSLs and external ones. InterndldDS
are embedded into a host language, most often erglepurpose language. External ones have their own
custom syntax and grammar.

Modern dynamic languages such as Groovy or Ruloyvadlevelopers to create internal DSLs very eabhily.
Groovy you can even alter the language’s syntakuilding and traversing arbitrary abstract synteaes
(ASTs) with compiler plugins. Static languages oft® not provide such means, but Scala, for exangple
known to have been used already for a lot of imeBSLs. For example, Lee et al. developed thet®eli
Compiler Framework which uses a DSL embedded imalaS(Lee et al., 2011). Delite can be used to
execute parallelized code on multiple platformse DEL abstracts the code from the actual platfdris i
executed on. Lee et al. use a technique calledutgegvirtualization (Chafi et al., 2010) which albthem

to reuse existing Scala compiler components sudéxas, parser and type checker. Apart from that, gan
also find embedded DSLs in Java. Albeit being resi by the host language’s syntax so-called fluen
interfaces have been widely adopted. Fluent intedare often referred to as being internal DSLs.

Compared to internal DSLs, external ones are rsiticeed by the host language. With the right tdog
language designer is able to do almost anythingt like general purpose languages, external DSés ar
typically created using language recognition t@nish as Lex/Yacc or ANTLR, but they can also bateme
with sophisticated language workbenches such ag.Xte

Graphical DSLs use visual elements. They can bedan areas such business process modelling. For
example, BPEL (Business process execution languagd)XPDL (XML process definition language) are
domain-specific languages defining the executionas#ics of business processes. The MIT App Inveistor

a tool that allows developers to create Apps ferAndroid operating system using graphical progrargm
elements. However, App Inventor tries to mimic agyal purpose language and therefore goes beyend th
scope of typical a DSL.

There are existing tools containing a graphicaloedhat can be used to specify geospatial operatibor
example, with ESRI's ArcGIS ModelBuilder (whichpsurt of the ESRI's ArcGIS Spatial Analyst) usera ca
perform operations such as classification or codation on data that matches given criteria. TheGAB
ModelBuilder is targeted to geospatial applicatiamsl therefore only contains operations neededig t
domain. This includes spatial indexes (and opematieuch as “near” or “inside”) as well as geomatric
operations (such as building buffer polygons). Tb@ supports 2D data and 2,5D raster data, blislac
support for higher dimensions. 3D city models ave/adays an integral part of the urban planning gssc
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Such kind of data cannot be processed with the I&d@odelBuilder. The approach presented in thisepap
however, can be applied to 3D data.

The use of domain-specific languages in the araarlmdn planning is rather novel. In one of our ey
papers we present a first approach of performimguumpolicy modelling and making with the help offIC
enabled tools, in particular domain-specific larggsg(Kramer et al., 2013). We use DSLs to defid&Eyo
models that can be used during the planning phasd, also for automated evaluation of policy
implementations later on. Compared to the apprdackhis paper, we use textual DSLs—instead of
graphical ones—to define the policy model which esak very readable and easy to understand for mhoma
experts (i.e. urban planners). In order to speaifjomated workflows, however, we suggest usinghicab
DSLs consisting of simple conditions and processtegs tailored to the urban planning applicatiomalin.
With the graphical editor presented in this pageecifying a workflow is a matter of selecting ttght
conditional blocks and actions, putting them in imrect order and specifying some parameters if
necessary.

4 LANGUAGE SPECIFICATION

In our implementation geospatial processes areritbescusing so-called production rules. They cdnsis
two parts (cf. figure 1):

e The condition (or left-hand side) selects objeatsnf the dataset. In our case, we essentially use a
chain of filters here that is applied to the whdbtaset. Objects that pass the filter chain will be
selected.

* The rule’'s consequence (or action, or right-hartk)sispecifies what should be done with the
selected objects. In our implementation you can wuadous pre-defined actions for data
manipulation.

Production rules are event-based and can be chdixeduting a rule may alter the dataset. This triigh
the condition of another rule become true whicHh tien be executed as well. This process is tylyical
called forward chaining. It is an integral partwbduction rule systems which allows the user &ate
complex processing workflows.

Rule

Condition Action

RR...:{>RR

Fig. 1: A production rule consists of a conditibeftthand side) and an action (right-hand side)hlmontaining recipes (here
symbolized with ‘R’). If the condition evaluatesttae, the action will be executed.

In our implementation, rules are specified with-gedined, reusable components that we call recipes.
improve usability we implemented so-called cooklsoakich group recipes by the application they aedu
in. For example, our rule editor provides a humtrerecipes to assess data quality. All of themkey in a
cookbook called ‘Quality Assurance’. Basically, kbooks represent different domain-specific langsage
The *Quality Assurance’ cookbook, for example, egmts the language that contains the vocabulaheof
‘quality assurance domain’ (cf. figure 2). Mosttbe recipes in this cookbook use terms specifithi®
domain, others are rather generic and can be rénsedgtious domains. They are hence assigned ttipiaul
cookbooks. This allows for a good usability asuker quickly becomes familiar with the individu@aindain-
specific language vocabulary by recognizing commsmipes.
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Quality Assurance Urban planning
Is triangulated Is building
Contains holes Is roof
Triangulate Has LOD
Fix holes Add to layer
Set LOD

Fig. 2:Recipegconditions and actions) are grouped into appboaspecificcookbooksin this case, there is a
cookbook containing recipes related to quality esce and another one containing recipes for upbaming.

The recipes that can be used in a rule’s conddierfunctional filters without side-effects. Thikws them
to be used in arbitrary order. The recipes on the's right-hand side are imperative actions thasinbe
executed in the order specified since one recigiaepend on the results of another.

In order to achieve good usability we designedrale editor as follows:

e The recipes are intended to be self-explanatoryhferdomain experts. They use domain vocabulary
and they do not expose too many technical detaillse user.

* The rule editor detects conflicting input and tliere helps users to create correct rules. For
example, the rule editor disallows the user to agpe recipe to a rule’s right-hand side if there is
already a recipe that deletes the selected dataother recipe would be useless after that.

* We have defined guidelines for granularity (sedisecs) in order to enable complex rules while
using simplest possible recipes.

Some of the recipes require additional informafram the user. Hence the recipes can have parasn&iar
example, there is an action to extrude a plane #Bnto 3D which needs the user to specify the tei@hr
rule editor provides forms for the recipe paranseter

5 GRANULARITY

In order to achieve a good usability we took sdemee to create recipes that are as simple ashb@bsit at
the same time as powerful as needed, so rulebavilinderstandable for the domain expert and ndiatge
(i.e. powerful). Condition recipes and action resighould be categorized as follows:

e Location. Recipes from this category operate on the lonatfoobjects in the dataset. For example,
the data source (web service, file, etc.), therlétye object is assigned to, and so on.

* Property. This category contains recipes that operate gecblattributes such as colour, texture,
metadata, level of detail (LOD), object type, etc.

« Geospatial Recipes from this category are related to ge@paoperties of objects in the dataset.
For example, height, width and depth of an objgetspatial coordinates, etc.

Each recipe can only be assigned to one categbigt means condition recipes cannot filter for props
from more than one category. Action recipes shalib only alter properties from one category. For
example, it would be violating to create a recipked ‘Colourise and move’ which at the same tirhanges

an object’s colour and its geospatial coordinadelsetter solution would be to create two separetépes.

In addition to the described categories the actamesdivided into three types: add, update andtelefn
action recipe which adds an object to a layer thén'location’ category and is of type ‘add’. Tiheee types

are similar to CRUD (create, read, update, delgteywn from database management systems) and ate use
to visually differentiate the recipes in the usgeiface.
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Recipe
ActionRecipe |-+ ConditionRecipe
Type Category
Add Location
Update Property
Delete Geospatial

Fig. 3: UML class diagram of the implemented reaipadel. Categories help developers to separate emaad therefore to find
the right granularity for new recipes.

6 LANGUAGE MODELLING BASED ON ONTOLOGIES

A domain ontology is a set of concepts (things thast in that domain), their classification, redas, and
terminology/taxonomy (i.e. the words used in thendim to describe the concepts). The definition of a
formal ontology is considered an essential steéwnain-specific language design or even for affiyvsoe
project (GaSev, 2006).

In this work we aim for creating domain-specifiadmages that use terms from the user’'s domain.l@yto
building is used in the area of semantic web tantifie concepts and relations from a given applmati
domain (Nicola, Missikoff, & Navigli, 2009). Ontajes can be useful for the definition of domainesfie
languages where they act as the basis from whehatkonomy, vocabulary, and parts of the grammar ar
derived. Note that in our approach, ontologiescalg used for this specific purpose. We do not nibean
anymore after we defined the domain-specific laggudhey are just one step in our modelling pracess

In order to create a domain-specific language vggest the following workflow:
(1) Analyse the application domain.
(2) Create scenarios/storyboards.

(3) Analyse storyboards and look for subjects abfbais. Create an ontology and use the subjects and
objects as concepts.

(4) Look for verbs. Use them in the ontology asiiehs to connect subjects and objects. Free \hdabtsare
not related to concepts become actions in yourdage,.

(5) Build sample DSL scripts that use the creatgdlogy and the free verbs.
(6) Review and reiterate if needed.

It is crucial that language modelling is perforniadstrong collaboration with domain users, so timalf
language contains the vocabulary that is actualgdun the targeted domain and can in fact be stabst

by the domain experts. In the following example oase a workshop was held where we designed domain
ontologies and a domain-specific language on theetbard together with the users.

7 EXAMPLE USE CASE

In this section we are going to discuss a use ftasethe research project “urbanAPI” which is fuddeom
the 7" Framework Program of the European Commission. Ghthe project’s consortium partners is
Vitoria-Gasteiz, the capital city of the Basque @y and of the province of Alava in northern Spain
Vitoria-Gasteiz is the European Green Capital df20A network of public zones, green spaces, pankd,
boulevards extends over the entire city. It is@umded by the Green Belt, a narrow semi-naturargezea
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which plays an important role in improving citizémealth and quality of life, as well as raisingngeal
environmental awareness throughout the public.

The municipality plans to extend urban green aegak in particular, to implement an Interior Gregit
that encompasses the city’s inner core. For tlagispof the city need to be restructured. For exentpe
Avenida Gasteiz—one of the main traffic routes—wi#l refurbished by adding grass, trees and pl@its.
course, such a construction project has a highéimpa public life. The municipality tries to raiagvareness
of this project within the public by providing 30sualisations showing the planned restructuringshef
Avenida Gasteiz.

In order to create a 3D visualization the city dfovia-Gasteiz needs a 3D city model. They can ioleat
least two datasets that can be used as a basth¢vage such a model: a digital terrain model (DEMJ a
dataset containing 2D building footprints from ttedastre. The latter includes various attributes #ne
useful for this use case. The attribute ‘Number@dE$’, for example, can be used to approximate a
building’s height by multiplying it by an averadedr height of 3 meters.

The municipality wants to build up an automatedcpss that ensures the city model is updated wheltlave
base datasets have changed. In order to creatmairdspecific language that can be used to desstibk
an automated workflow we have to perform an ontplagalysis as described in section 6. One of tts¢ fi
steps is to create a storyboard for this workflavhich—written from the perspective of the domain
expert—can be summarized as follows:

“As an urban planner | want to automatically creaeD city model. As base data | want to use twers,
a digital terrain model (DTM) and a dataset coniamn 2D building footprints. For each building indltity
I know its number of floors from the building fowtps dataset. In order to create a 3D represematof a
building, | copy its footprint polygon and put i ¢the DTM. Then | extrude it by the number of thiédding
floors multiplied by 3 meters. | add the extrudedtprint to the 3D city model, but only if a restiee
building does not already exist there.”

By analysing the storyboard and looking for sulgecobjects, and verbs that act as concepts anbrea
respectively, we can create an ontology that costéiie domain vocabulary needed for this workflow.
Figure 4 depicts this ontology. Note that in thigopr we only focus on one workflow. The Vitoria-Gés
use case is much larger, and so is the final ogyolBigure 4 only depicts a small part of thatparticular
the concepts and relations needed to understarekémeple.

3D city model

has

Digital terrain
model (DTM)

ison
« Building
is on has

has
isin IS

Extruded
footprint

is based on
Fig. 4: Domain ontology derived from the examplargboard. Note that the complete Vitoria-Gasteig case is larger than the
example use case presented here and that thimgytsljust an excerpt from the complete one.

isin

Number of floors

is based on

There are some free verbs such as ‘copy’ or ‘egirtitht do not appear in the ontology. They arediated
to actions in our domain-specific language directly

The recipes that make up our example DSL are suipeabelow. They are based on the ontology and the
guidelines described in sections 4 and 5 dealiriy usability and granularity. Note again that ifsthaper

we can just present a part of the complete VitQ@steiz use case, and the recipes presented bedgusa

the ones needed to perform this specific workflow.
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Conditions
Is in layer

This recipe is for filtering layers. You can spgcif layer here and only objects inside this layél lve
selected. In this scenario there are two layers,fonthe terrain (DTM) and one for the footprinfge use
this recipe to select only footprints.

Does not exist in

You can specify a layer and this filter skips djerts which are already part of this layer. Whis trecipe
we can avoid extruding already processed footpagtsn.

Actions

Copy

This recipe creates a copy of all selected objsctgriginal ones will not be affected by any o thllowing
action recipes. The copies will be selected wikedriginal objects will be unselected. The Comype is a
simple way to back up the original data, in thisecthe original footprints.

Put on DTM

With this recipe you can lift or lower objects tbet height of a digital terrain model. It requires n
parameters, because it takes the terrain modeitm@above the object.

Extrude

This recipe extrudes a 2D footprint polygon withotwarameters: the amount of floors obtained froe th
footprints metadata—i.e. the attribute ‘NumberO&if&b—and the height for a single floor. For examae
footprint with 3 floors and 2.5 meters per floorwa be extruded to a height of 7.5 meters.

Move into layer

This recipe moves all selected objects to a spetlfiyer. This recipe is very useful in combinatiath the
copy recipe in this scenario (see rule #1 below).

7.1 Rules

The rules that need to be created for this workfiow as follows (in the order of execution; eade’su
condition and action are separated by an arrewy:*

7.1.1 Rule#l
Is in layer— Copy; Move into layer

The 2D footprints selected with the condition recifs in layer’ are copied and moved into a newetay
After executing this rule there are three laydrs:driginal footprints, the copied footprints ahd DTM.

7.1.2 Rule #2
Is in layer— Put on DTM; Extrude

This rule takes the footprints from the copied fayis them to the height of the DTM at the respe
geospatial location and then extrudes them as idesicabove.

These rules can be executed to initially creatatya model. Later, new footprints can be added. The
following additional rule can then be executed edpdly to keep the city model up-to-date. It alettie
dataset similar to the second rule but ignoresdirextruded footprints.

7.1.3 Rule #3
Is in layer; Does not exist ir» Put on DTM; Extrude

The recipe ‘Is in layer’ selects the original layérfootprints. The ‘Does not exist in’ filter avts multiple
objects in the layer of already extruded footprifits. the city model). Therefore no 3D buildinglivexist
multiple times in the final layer. The actions as@actly the same as in rule #2.
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8 INTEGRATION INTO A 3D GIS

The CityServer3bis a client-server system for the storage, visatitin, and processing of spatial data. Geo
information from different sources is integratetbi@an object-relational database and placed invile at
the disposal of different clients. The CityServeri8Dmost often used for managing 3D city modelshim
urban management and planning domain.

The CityServer3D AdminTool is a desktop applicatmoviding features, such as importing and expgrtin
spatial data into the local workspace or into tlitgServer3D database. The tool also offers featimedata
editing, 3D visualization and quality assurance.

The user interface of the AdminTool can be custechiwith different views, depending on the custosier’
requirements. The most used and most importantsvene the explorer view for an hierarchic overvigw
the loaded spatial data, the 3D view for visuailimaand the 2D view for orientation (see figurer@nfi left

to right). In addition there are pre-built perspezs representing the various views in differergrahents.

We integrated the graphical editor in the so-callgject perspective’ (see figure 6). This perdwec
allows users to create several projects to integtata sources and to apply automated, geospadzgses
to them.

P Chacipsetbiim - CiyServer30 AdminToo! 1.0 ML —— - )Y ———
Datei  Bearbeiten Objekt Suchen Einfugen Server Gehezu Ansicht Fenster Hiife

21 k@O0 W Ei

@ = 5 Pro
— — -
1 o @ Karte Toeoen
» “Dsta, |magery and map information provided by Map@ue®i Opereies
[

v

B EPSG.II46T - 44712440 / SS40S47.T1 / 185,86 562M von 1138M

Fig. 5: The CityServer3D AdminTool consists of aadexplorer, a 3D visualization and a 2D map (freftto right).
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Fig. 6: The CityServer3D AdminTool’s project persipe
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The report view (on the bottom of figure 6) is usedfeedback while executing a rule. If an objeatild not
be changed or filtered by the rule for any reasoreport will appear in this view with a feedbackssage
and a link to the said object.

The project view (on the left of figure 6) offeriset possibility to link specific data sources andngran
overview of all created rules.

The graphical editor itself is subdivided in thpsets (see figure 7). The tool bar on the left sidetains all
recipes available in the selected cookbook. Thevbn@cipes are conditions. They filter objects bjedent
criteria—e.g. appearance, location, size or metadahe other recipes are actions and differ byrthei
function. Blue recipes are for editing, green oages for creating and red ones are for deleting. détia
action recipes are placed on the lower right sidaeeditor.

Graphical Editor & 0
Cookbooks Condition
[Production V|
Recipes Iz in layer D:?e.s ol
exist in
Metadata List
qus A 3 Action
exist in
F Put on DTM Extrude
Selection
Copy

Graphical Editor

Fig. 7: The user interface of the graphical ruleced

9 EVALUATION

In order to evaluate the usefulness of our implaaten a workshop with urban planners from the user
community of the urbanAPI project was held. We pnésd the graphical rule editor and asked partitgpa
to design their own workflows with it. We then pid®d a questionnaire where we asked them to ewaluat
the rule editor.

From a technical perspective, the evaluation shibsour implementation helps users automate pseses
and that it is relatively easy to use. They unaedtits functionalities and purpose and were ablese it to
design selected workflows. However, at the curstate the editor only provides a small set of regifhat
are targeted to use cases in urbanAPI specifidalig. to that, the editor is not yet flexible enougibe used

in more advanced scenarios. Consequently, oneeohdixt steps will be to implement more recipes that
target a wider range of geospatial/urban use cases.

Additionally, users pointed out that there hasdcssbme introductory material for the rule editooider to
make it easier for new users to understand itsaqais@and functionality. In the future we will credtitorials
that will guide the user through a simple examplerider to make them familiar with the rule editéinally,
the usability of the individual recipes can be ffertimproved by implementing additional featureshsas
greater/less comparison for metadata, selecti@xtents out of a 2D map, etc.

10 CONCLUSION

In this paper we presented the results of integyadi graphical editor for domain-specific languaigs a

3D GIS. We described language elements and howategarized them into recipes and cookbooks. Recipes
are language constructs that can be used in vadppBcations. In order to achieve good usabilitsg
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grouped these recipes into cookbooks which actueflyesent the vocabulary tailored to specific igptibn
domains or use cases.

In order to allow the user to specify complex wowfs we used production rules that can be chained.
Geospatial processing can be rather complex arg ¢mnsuming, especially if the same process hag to
performed over and over again. We think that prtidacrules can help alleviate this problem. However
typically rule-based systems are quite generic\arg flexible. This makes them hard to use for dioma
experts with no background in computer science. ékjgect domain-specific languages to help domain
experts to express geospatial processes in their wards. This makes specifying workflows easier,
especially when the language constructs are grompedecognizable, reusable elements like thepeecive
proposed. In this paper we also presented guidefimrechoosing the right granularity while designimew
recipes. In our experience, these guidelines leaedipes that are reusable in a wide range oficgtjuns
and at the same time very understandable for doesgierts. We also described a workflow for domain-
specific language design that makes use of storgsoand ontologies to identify the right domain
vocabulary.

In order to show how our approach works, we presktite implemented user interface and how we applie
our approach to a practical scenario. Feedbacleddamom urbanAPl community was positive and we will
continue to develop this approach in the future.
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1 ABSTRACT

To solve different kinds of complicated problemsiahharise in context of intensive development ofdemm
cities a great number of various applications asastantly being developed. The most part of these
applications are based on processing big volumdsetdrogeneous data gathered from different types o
available sources in real time. In the report arhigectural framework oriented on building applioas for
smart cities in shortest time and with minimum gpefrresources is suggested. The framework is based
intelligent geo information technologies and in@adarchitectural and technological solutions aluutp
many different computational libraries for buildimgelligent adaptive applications. Special attemtis paid

to information and knowledge organization. Diffarexspects of use of ontologies in the framework is
discussed. Main directions of further developmdmiroposed approach are defined.

2 INTRODUCTION

Software applications build for needs of cities dnamost always been one of the main consumerswf n
solutions developed in the sphere of informatiatht®logies (IT). Moreover they often define direatifor
development of technologies and force the IT toushrcontinuously to meet constantly increasing
requirements.

Unfortunately, the current state of IT as a whelenuich more poor than it was several years agtoviohg
negative tendencies are observed in the IT splevadays.

(1) The sphere of IT gradually loses the statuthefsphere in which business is ready to make gaken
long-term investments without taking into accoumrs term expenses. Today for the majority of gurises

the IT is one of many services which should benestied in the terms of ROl and moreover, a number of
investors want to return earlier invested funds.

(2) Complexity of the developed information systampermanently increases. One can say that thedkoo
law can be applied to information systems.

(3) The level of qualification of IT specialists ggadually decreasing. During last years populaoty
technical education significantly decreased. Thaats|to reduction of the number of highly qualified
specialists. IT companies mostly prefer to emphliher cheap foreign programmers.

Along with negative tendencies there are seversitige trends caused by two main factors. The fastor

is that during the period of information technokmiactive development many architectural and
technological solutions were proposed, implemendedi approved. The second factor is that high
performance tools, including tools that use aitifiéntelligence technologies, were build and theyve
become an essential part of the advanced informatistems. The bright example of such systems is
intelligent geoinformation systems (IGIS) [1]. Meaand tools integrated in IGIS include inferencgiess,
expert systems, libraries of various intelligergoathms, instruments for data, information and Wealge
management.

As a response to this situation industrial apprdacoftware application development and suppasthieen
worked out. The main features of the developedaagmtr are following.

(1) Wide use of best practices that are represéntda form of the frameworks.
(2) Use knowledge-oriented technologies for sofendavelopment.
(3) Assembling information systems using large-sgabgram modules.

(4) Use various agile decisions and practicesAgjle decisions are decisions that can be easyteddp
the specific conditions (contexts). Agility can fir@sented in different forms, in particular:

(4a) agile software development — the process fbivace development that allows working with consfian
changing requirements;
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(4b) agile architecture — architecture of softwtrat allows develop architecture of systems oririe
solving specific problems of the subject domains;

(4c) agile algorithms — algorithms that are congextsitive and self adjustable.

Nowadays the industrial approach is already subdgssapplied for building applications in differen
subject domains [3]. It has become quite obvioust tiechnologies for constructing, developing and
supporting agile applications will be further denmdd. So it is time for specialists in informatiand
communication technologies for smart cities to lemkards the industrial approach for building apgtions
and to adapt the proposed solutions to their needs.

Information and communication technologies in modanart cities are of primary importance as theynfo
the backbone for all integration processes thae tplace inside and between such spheres as social,
economic, industrial, environmental and etc.

The following consequences of integration processigence directly on requirements imposed to IT
solutions:

(1) many software applications were integrated giswarious technologies and formed a net of
interconnected applications that are poorly managetlsupported,;

(2) in the integrated domains dynamics and complefiboth internal and external processes expaalgnt
increases, furthermore processes as a rule caerfotmalized and are unpredictable;

(3) established interbranch relations provide filétsi to solve multidisciplinary problems that aneuch
more complicated; besides, experts in one subjectath are forced to solve specialized tasks froen th
subject domains that are not in the area of tlempetence.

To meet the requirements of software applicatiassfnart cities, that are capable to support iatégmn
processes, IT solutions for smart applications rhasieveloped according to the principles defingldw.

(1) Smart applications must be knowledge-centrigliagtions in order to provide possibility for aeugo
work effectively with them.

(2) Construction of applications must be orientadragegration of technologies.

(3) It is necessary to use a unified high levelebalatform that can be adapted to concrete submoiain.
Using base platform for building applications pa®s a unified information space, mechanisms ofqtat
adaptation will allow to develop applications imddions of limited resources.

Taking into account the current state of IT sphamd smart cities, the developed framework must be a
knowledge-centric agile framework. Also an unifiadproach for creation and support domain-oriented
applications using the framework and the base@iatinust be worked out.

In the paper the knowledge based domain-orientekitactural framework for smart cities applicatidas
proposed. In the following section existing framekgand possibilities of their application are disged. In
the fourth section an architectural approach forstwcting domain-oriented applications with théphef

the developed framework and the base platform msidered. In the fifths section questions of knalgke
management and usage in the framework and the gplitations are discussed. Implementation of the
framework is described in the last section.

3 ARCHITECTURAL FRAMEWORKS — COMMON SOLUTIONS

In terms of an architectural framework an appraactievelopment software applications is considé4é¢d
Architectural frameworks are used, first of allr foreation architectural descriptions of end sofewva
products, families and lines of products and foredigping architectural modeling tools both for arefor
groups of organizations. The architectural desompis an artifact or set of artifacts that deseribhe
architecture of the developed application. An aeatiure is an abstraction, that includes concepts a
properties of an application.

By today many architectural frameworks have beemldped. The most well known and widely applied are
the following frameworks: Zachman Information Sys$e Architecture Framework [5], UK Ministry of
Defense Architecture Framework [6], The Open Greujrchitecture Framework (TOGAF) [7], Kruchten'’s
“4+1” view model [8], Siemens’ 4 views method [Reference Model for Open Distributed Processing
(RM-ODP) [10] and Generalized Enterprise Referehahitecture (GERA) [11].
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The term architectural framework is closely conadatith such terms as platform, paradigm and patier
paradigm describes the concept, basic states amd tesed for developing applications. A platformais
implementation of the framework that provides bingd blocks for end applications and tools for
applications development. Following types of platis are usually considered: technological, integnat
and domain-oriented platforms [3]. Domain-orienpdatforms are platforms aimed for creating applarat
for one or several related subject domains or @dvisg a certain group of tasks. Patterns are cetapl
fragments of program code that can be used mamstiithout modifications and improvements.

Along with typical frameworks listed above a widenge of specialized platforms have been developed.
From the point of view of problems that are solirthodern cities it is interesting to consider tefdhem.

The first framework is an intelligent geo infornmati (IGIS) framework described in [1]. This framewor
provides scientific and technological solutionsdowide range of highly demanded tasks such astororg

and decision making support at the levels of objectd situations as well as tools and means dicati
intelligence. Along with that IGIS framework allows organize a convenient workspace for end u3érs.
second essential framework is a framework for gateessing and analyses (DPA) [12]. This framework
allows processing various types of data includimgnglicated time series of measurements. Results of
measurements are continuously gathered using eliffddinds of specialized instruments that are by no
installed almost everywhere both in urban and owinental areas. For the IGIS and the DPA frameworks
corresponding platforms have been build. Belowief lolescription of each platform is given.

IGIS platform. The IGIS platform incorporates tledidwing list of basic components: an inference hiae

and expert system, a knowledge base system (omdolegual environment for developing classes and
objects of subject domain, visual environment feveloping models (script) of the objects behawioGiS,
system for scenario implementation in real timeawd/ user-defined arbitrary scale with visual digpbé
symbols or images on the background of electrorapana decision making support system that provides
recommendations during the scenarios playing.

In the IGIS platform an expert system and ontolegiee considered as a system of artificial intehige.
Expert systems are used for solving two main tasksisting a decision-makers and managing various
processes working under control of a scenario. @nado is the selfsame algorithm with a capacity fo
parallel execution of some of its branches, it basological representation and can be interpreted b
inference machine.

DPA platform. The DPA platform contains followingdic components: an ontology of measurements and
ontology of methods and means of data processidgaanlysis, means and tools for knowledge extractio
from historical data, means and tools for workinghwbusiness processes, mathematical and empirical
methods and algorithms for processing and anabyfslarge volumes of data, methods and algorithms of
preliminary data processing, algorithms of prospgotiata analysis, a set of visual tools that canded for
graphical representation and modification of ihitdata streams, as well as time series and single
measurements and the results of their processing.

Special attention in the DPA platform is paid tootmoments. The first moment is development of agile
algorithms for multidimensional measurements prsiogsreceived from natural and technical objecteail
time and in the delayed mode. The second momemidis usage of implemented intelligent data processi
and analysis technologies, based on both origimdlcammonly used algorithms and patterns.

The IGIS and DPA frameworks are considered to lee dbre elements of the framework for building
applications for smart cities. The specialized #ararks developed for applied domains, for exampidte
industrial domain [3], can be considered as extarssand included into the described framework foars
cities.

4 DOMAIN-ORIENTED ARCHITECTURAL FRAMEWORK FOR SMART C ITIES

The proposed architectural approach is focused ewveldpment of a framework for the domain of
management and planning of modern cities econongnted on solving applied problems in various
spheres that are a part of cities economy. Thedwairk is described according to the internatiotehdard
ISO/IEC/IEEE 42010:2011 [13].

The framework is developed using the following basilutions for constructing software applicatig8s,)
for smart cities:

Proceeding®REAL CORP 2014 Tagungsband ISBN: 978-3-9503110-6-8 (CD-ROM); ISBN: 978-3-950817-5 (Print) M
21-23 May 2014,Vienna, Austria. http://www.corp.aEditors: Manfred SCHRENK, Vasily V. POPOVICH, Pef&EILE, Pietro ELISEI



Building Smart Applications for Smart Cities — IGI@ded Architectural Framework

(1) for constructing architecture of the SA for str@ties Model-Driven Engineering (MDE) methodojog
[14], based on hierarchy (stack) of architecturaldeis is used. Models are containers for architattu
descriptions. The stack contains models of foufeddht levels of architectural descriptions;

(2) SA for smart cities must be implemented aceaydo their architectural description using bassgpam
platform that contains program components, modai@smon means and tools;

(3) in the process of SA construction availablehdectural knowledge, including knowledge abouttbes
practices is to be obligatory used;

(4) constructing SA includes development of thevdedlge base required for solving end user problkemnas
for supporting applications.

To make the first two moments of the listed sohsigealizable it is necessary to develop a basgramo
platform and a stack of architectural models, agthfor subject domain of cities economy. The aedhitral
models are build according to the object orien@@) models. Thus, it is supposed, that before sgstem
is constructed, an OO model for the applicatioroediog to [16] is created.

The two last points make the developed applicatimmd the processes of their constructing knowledge
oriented. For dealing with knowledge a system dlmgies and solutions for their transformation ever
developed. The description of the proposed sysfemntologies is presented in the corresponding@ect

The framework allows to create architectural desicnms for the end applications on the base of thigject-

oriented descriptions, that can be implementedguie base program platform. The relations betvieen
framework, the object oriented model of an appicatthe architectural model and the base platfaren
shown in Fig. 1.

Architectural model UML, OWL Architectural UML, OWL Object oriented model of
sponds framework application
Architectural descriptions of the Domain (general) meta Base (general) model for the applications
domain-oriented applications framework of the subject domain
(Level M3) T detailing T

A Models, adapted for the sphere of use of

the application
detailing T

Models oriented on supporting context-
dependent behavior of the application

detailing ?

Models oriented on fulfilling the
specialized requirements to the application

Sphere-oriented (subdomain)
meta frameworks

i

I Product line frameworks |¢
le

Architectural descriptions of the | .
> S < Special fi ks
end applications (Level M1) | pecial rameworks |

corresponds

defines the
application

Architectural descriptions of the
product line (Level M2)

A
forms the architectural

descriptions of the application

corresponds T

describes

v
End applications (Level M0)

Takes into account

v

Base program platform

implements |
L

describes

corresponds

Fig. 1: Main elements used for constructing apgitices with the help of the domain-oriented architeal framework

Object-oriented model of an application. An objegented model of an application includes the dpton

of the subject domain, where the application isxgdo be applied, the tasks that are supposed $oloed
and the requirements to the application. The modatains descriptions at different levels of aludtom.
The description, that corresponds to the loweselleis the description of the end application. The
description of the highest level is the generatdpton of all applications for the defined sulijomain or
subdomain. At the middle levels peculiar featurethe application that are defined by the possiipleeres
and contexts of its usage are described.

Architectural model. The stack of the architecturaldels that are described in a general form inMBd
methodology are adapted for constructing softwamglieations for smart cities. The lowest level bét
models hierarchy (level MO) corresponds to the iggctural descriptions of the constructed applaradi
The descriptions reflect requirements imposed ¢gafbplications taking into account the groups efsisind
their specific needs. The level M1 is the levemwdtich descriptions of the applications architectare
defined according to different contexts in whick #pplications are supposed to be applied. Atebel M2
descriptions of the applications adapted for aagerggroup of tasks or one of the spheres of thgestub
domain, where the application will be used are tanged. The level M3 is the level, at which thexgel
descriptions of the applications for the subjechdm of cities economy or its subdomains are predid
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All models used, at levels M1, M2 and M3, are axttmodels. The result architectural descriptict th
created using the proposed hierarchy of modelsagmta complete architectural description of the
developed application including the descriptiontloé stakeholders and their concerns, all architeltu
viewpoints, types of models for each of the viewpmiand architectural rationales [13]. The modeksy
define the language and main notions such as nmgdedchniques that are to be used for describiag vi
points.

For the stack of the architectural models operatitor models transformation based on the developed
technique are provided [14]. Application of transhation operations allows to create a new modethen
base of one or several existing models. A transédrmodel and a result model can belong to the sare
different levels. In the first case horizontal sBormations are executed and in the second — seértic
transformations. Results of horizontal transforomadi are models of a higher level of abstractiom tiee
transformed models.

Links between different models at one level care®tablished with the help of binding operationgndst
all elements of models including classes, objentstheir properties as well as relations betweemtican
be linked.

To support both transformation and binding opereticorresponding set of transformation and binding
models according to [14] were developed. The moalesepresented in a form of patterns and rules.

Architectural framework. The architectural frametWw@ developed according to [13] and adapted toeciir
needs of modern cities. The framework is organiagd hierarchy of frameworks that has the following
structure. At the highest level a general domaiarted framework (DF) is located. The DF is a peail
oriented meta framework that does not apply anyiciens on the architectural solutions of the eleped
software applications. The domain framework is usedbuilding sphere-oriented meta frameworks (SF)
that are aimed to solve problems of one or sevefated subdomains. The SF form the base for dpecia
frameworks. Two types of special frameworks aradus¢he frameworks for constructing lines of praduc
(LF) and for constructing end software applicatiqig. The architecture of each end application can
correspond only to one F-framework. LF-frameworkd &-frameworks can be build on the base of several
SF-frameworks inheriting different concerns, viewp® and etc. In case a product line is developed F
frameworks are always based on LF-frameworks. Hdeframework can be used to build multiple F-
frameworks, but one F-framework corresponds onlyrte FL-framework.

The distinguishing features of the DF-frameworkthat the constructed architectural descriptionsvall
building knowledge-centric software applicationsendthe applied problems of cities economy areesblv
using data fusion technologies along with the comignased technologies implemented in earlier dgwedo
applications for the considered subject domain. & fusion technologies are based on JDL modg! [1
Two implementation of JDL model are supported —lengentation, oriented on extraction of information
and knowledge from initial data that is gatheraarfrmeasurement instruments or received from datizise
developed for the DPA platform, and implementatiomented on solving complicated applied tasks
including decision making support provided by t6¢S platform.

Main advantage of the proposed DF-framework is thatits base software applications that provide
principally new quality of data processing, infotina and knowledge about cities economy on the lbése
existing solutions implemented in IGIS and DPA fdans can be easily constructed.

The subdomain meta frameworks provide means ants tfiww defining following elements of an
architectural description:

« main types of stakeholders, including end-usersyraiprs, acquirers, owners, developers, builders,
maintainers and software architects;

* the system of typical interests, including serviity, cost, maintainability, stability, analyzaiy,
changeability, testability, dependability, modutgridistribution and concurrency;

e viewpoints, including general, algorithmic, cap#pil system viewpoints, data, information and
knowledge viewpoint, object, services, project atahdards viewpoints.

Between the enumerated elements main relations asgctelations between interests and stakeholders,
stakeholders and architectural viewpoints, typemadels for each of the viewpoints are considered.
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The LF-frameworks are aimed for building a limiteet of the architectural descriptions elements dnat
formed using the information about the supposedsusiehe produced software products.

At the level of F-frameworks architectural styldsatt are supposed to be used for constructing end
applications are defined. The following common &ettural styles and corresponding architectures ar
considered: object (component) oriented architestll6], service-oriented architectures [17], nagiént
architectures [18], combined (mixed) architectutesaddition service-agent-service (SAS) architextuas
developed that refers to combined architectures. IAS architecture fits best in most cases fodingl end
applications for smart cities.

Base program platform. The base program platforangsftware application, that is used for impleratah

of the developed architectural descriptions. Thatfpim provides core elements, that are required fo
building end applications and a wide range of wasimathematical libraries, as well as extended mead
tools of artificial intelligence inherited from ISland DPA platforms and from other integrated ptats.

5 A SYSTEM OF ONTOLOGIES FOR THE ARCHITECTURAL FRAMEW ORK FOR SMART
CITIES

Ontologies in the SA developed for smart citieswidely used at all stages of the applicationsdifele: at
stages of SA construction, development, functiorang support. At the stage of application consiact
experience acquired during the previous developsnerdctively used. Experience is representedaridim
of knowledge using standard formats, in particutae, OWL format [19].

Knowledge-based descriptions of the developed Spplsment the architectural descriptions, build
according to the MDE methodology. Thus, the reauthitectural descriptions of the end applicatians
sets of descriptions in UML and OWL formats. The DWéscriptions provide information about the main
tasks and the developed architectural solutiongedlsas the descriptions of possible ways of thgliagtion
further development and modification. The UML d@sions contain detailed information about the
solutions of the tasks, in particular the struciupé the SA. It is important to note that the twamsidered
descriptions can be transformed one to the othee.pfoblems of the direct and indirect transforovaiof
the descriptions have been worked at for a long.tiéxs a result such means as Metadata Interchxigg, (
Ontology Definition Metamodel (ODM), UML Profile (@P), that allow to create ontologies using UML
descriptions, are available now [20].

The structure of the developed system of ontologiatefined by the hierarchy of the architecturaldels
and frameworks discussed in the section 4. Theagitss provide descriptions of the applications kifycles
at the domain level, at the subdomain level anthatlevel of applied tasks, that are used for dleiscy
architecture at the third, the second and theléxstls of the architectural model correspondingly.

Along with the main task of building knowledge basechitectural descriptions, one can use ontoofgie
solving following tasks:

(1) ontologies that describe the subject domain wmed by analysts for defining problems of the SA
construction;

(2) a data base structure can be created fronrnttodogical descriptions of the subject domain;

(3) an architectural descriptions of the user fam¥s can be created by converting the informatia
contains in the ontologies;

(4) in multiple cases architectural descriptiongtef constructed applications or their separatepcorants
can be build by converting information from ontdksy

(5) using ontological descriptions a system ofsulan be defined, that describes behavior of thectshof
the subject domain and can be interpreted and tegasing standard tools;

(6) ontologies are used as a dictionary that pesidescriptions of the main definitions of the eabj
domain to all stakeholders.

When SA are constructed, a set of ontologies angsved their usage at the stage of the applications
functioning is defined. The ontologies are buildtiyaat the stage of SA construction and partlyhat stage
of SA development.
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At the stage of applications functioning ontologéee used for solving two main groups of probleftsthe
first group refer problems of data, information dabwledge transformation, to the second — problefns
management of the transformation operations.

For SA support and modification special ontologies developed, that are a kind of slices of oniekg
build at the stage of the SA construction. Thegdelogies contain limited amount of information tladtows

understand in short time the general architectdirdhe applications, estimate their current staté arake

well-founded decisions about the further changab®fipplications structure and/or business logic.

At all stages of the SA lifecycles the followinglmiques for working with knowledge presented ia fitrm

of ontologies are used: i) acquiring knowledge frdata (data mining); ii) acquiring knowledge froogl
files about executed business processes (proceasgyiiii) enlarging ontologies by adding new krledge
provided by experts; iv) performing logical dedoativ) transformation of knowledge presented inftren

of ontologies (aligning, merging, building profi)esvi) representation of knowledge in the form of
production rules; vii) building UML and ER descigats from ontologies.

In the architectural framework the process of boddsystems of ontologies for end applicationsrgaaized
on the base of the developed ontological model. [€hels of the model and the artifacts of the Is\aaie
shown in Table 1.

Level of the ontological model Main artifacts of tke level

Domain / subdomain level Domain / subdomain onti@eg

Level of product line Ontologies that contain infation about the solved tasks

Level of the end applications Ontologies requiredthe applications functioning, support and
modification

Table 1: Artifacts of the ontological model at difént levels of application construction.

An ontological model has three levels, that comespto the SA construction at the domain / subdomai
levels, at the level of products line and at thelef end applications. At the third level ontales) for the
subject domain or its subdomains are developedol@yies for product lines are domain ontologied tha
additionally contain information about the problentisat are supposed to be solved using developed
applications. The main goal of the first levelashuild ontologies that are to be used during thgesof the

SA functioning as well for the needs of SA supod modification.

Ontologies of the domain and subdomain levels awvenngonly developed by the experts of the
corresponding subject domains. In the processélseobntologies development in most cases analysts a
knowledge engineers are involved as well. Ontofie product lines and ontologies, used for tHenswe
application support and modification, are build &yalysts and IT specialists on the base of domain
ontologies.

The list of ontologies, applied at the stage of 8% functioning, includes ontologies for solvingtio
specialized and common tasks. Ontologies, orieatedolving specialized tasks, are build by exp&hs
ontologies for solving common tasks are constructedhe base of the higher level ontologies, that a
provided by the corresponding domains. For exaniptehe domain of data processing and analyses af s
developed ontologies contains general formalizestrijgions of data of different types and resultst®
processing, of available algorithms, methods, meams tools for data processing and rules for their
application, of the processes that can be usesioloing various problems, of the program moduled tan

be included in the applications, possible proviadrdie modules and etc.

6 IMPLEMENTATION OF THE ARCHITECTURAL FRAMEWORK FOR S MART CITIES
Proposed solutions for implementing end SA usirggatchitectural framework are agile solutions {@jt
are developed within the industrial approach. Tdlat®ns are based on the following main principles
(1) multiple use of knowledge is preferable in camigon with multiple use of program code;

(2) the developed applications have to be basedhenintegrated set of the existing ready to use
technological solutions. Much less desirable billtasimissible is to integrate existing solutiorigtze level
of program components and modules. New moduledeareloped only if there are no other alternatives;
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(3) the implementation of the new program modulesstnibe organized from the point of view of possible
subsequent use of the modules. The resources gperthe modules that can be multiply used are
significantly more justified than the resourcesrdpm the development of the unreusable modules;

(4) solutions for application implementation hageptovide opportunities to modify developed applmas
structures and business logic on the fly by bothspEcialist and applications themselves. For thés t
description of the applications must be representsidg standard interpretable formats. For desuibi
applications in most cases ontologies are usedprasyne hand, they can be considered as means of
standardization, and, on the other hand, as megrabte to deal with knowledge.

Implementation of SA based on the agile solutidreg fare supported by the architectural framewoek ar
based on the following notions: A - system (agystem), A - process (agile process) and A- appboat
(agile application). A — system is a set of intégdaA - applications. A - process is the knowletgsed
process of constructing A - applications. A - apglion is a self-adjustable application that corgah
knowledge base and means of artificial intelligerib@o types of A-applications are allocated: statiad
dynamic A-applications. Both static and dynamic gplications are constructed using A-processes. Main
difference between these types of applicatioribas static applications don't use ontologies atsfage of
their functioning meanwhile in the dynamic applioas ontologies are often considered as a coreegiem
Agile applications have a hierarchical structure.tldeir top level two subsystems are located, Hrat
represented in the form of containers for moduléke first container (B - container) provides
implementation of business functions which defimectionality of the applications. The second corgaiA

- container) implements functions of management @matrol of the B - container architecture. A and B
containers in separate cases can be considereddagas.

Five types of modules are used in A — applicatidamodules, B-modules, AB-modules, R-modules and V-
modules. A-modules are modules with the dynamiditgcture that support A-interfaces which provide
access to the functions that assure module agilingese modules are executed under control of the A-
container. B-modules support B-interfaces and defigstem functionality. These modules have static
architecture and are managed by a B-container. 8dies are able to provide information about th&ites

AB - modules support both types of the interfaces iateract with the A and the B containers. Thgetof
modules is used most frequently in the applicatiGimodules are aimed for working with various tyoé
repositories were initial data as well as meta daistored. The V-modules contain the implementatd
visualization functions and support interactioranfapplication with an end user.

The considered agile solutions don't impose anyricéens on implementation of interfaces, or on
implementation of the containers. Interfaces argcidleed in terms of applied technologies. The dosta
implement functions of modules integration, theiamagement and control during their life cycle, and,
respectively, the containers have to support tles@h technologies.

The concrete technologies for each end SA are tedlagithin F-framework used for constructing end
applications.

Usage of the object-oriented approach [17] fordind applications supposes that B-containers asebss
objects (B-objects) described using the high léasguage or represented in the form of componenét, (
CORBA, EJB). A-containers are sets of A-objectd #ra responsible for managing B-objects and gaiter
data about the applications functioning. Data pssirgy and analyses is organized in a special stevsysf
an A-container or a separate external subsystem.

Service-oriented approach (SOA) [18] can be useihfplementation both static and dynamic architextu
Implementation of static SOA implies that a setsefvice modules (S-modules), which include business
services corresponding to B-objects, and agile isesvcorresponding to A-objects are developed. For
implementation of SA, business logic on the basdyofamic SOA services can be organized with thp hel
of semantic web services.

Usage of agent technologies in end applicationsnass that A-subsystem is a set of agents, thaidesl
personal assistances, business agents, agent m@mnagents for agility support, agents for access t
metadata and data, agents for support of B2B ictieres [19].

Implementation of the enumerated technologiesppaued by the base program platform.
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7 CONCLUSION

The paper aims to find an approach for buildingdi&nted on solving different problems in variopbeares
of modern cities economy. The approach must be @bieal with challenges of modern smart cities in
conditions of the quite poor state of informatienhinologies.

In the paper the architectural framework for buigiSA for smart cities is proposed. Distinguishiegtures
of the framework can be summarized in the followpognts:

a) the framework is knowledge-based. It means khatvledge is used at all stages of the SA lifecycle
(construction, functioning, support and modificaio

b) the framework allows to construct SA by meanstidgration of existing solutions at technologilealel
and at the level of program modules;

¢) solutions provided by the framework are agile:
e architectural description of a SA is built on thesé of object oriented descriptions;

< architectural descriptions built with the help b&tframework can be implemented using the base
program platform;

d) the framework is developed according to theadtchitectural and technological standards.

The proposed architectural framework describediwithe paper was developed as a generalizatioheof t
developed architectural, technological and progsaations, that were implemented as product lines$ a
separate products and have been successfully asedrfumber of years already. The following softvar
products defined the structure of the framework igstunctions:

- the Ontomap series developed in the Researchalaivg of object-oriented geo-information systerh&o
Petersburg Institute for Informatics and Automatidithe Russian Academy of Sciences. The Ontomagps a
used in Russian Navy for more than five years asirtfformation base of Navy control systems. They ar
operated in Russian Navy fleet command centersalnaases and combat information center of Coast
Surveillance System;

« the series of software applications for telemeiritormation processing from space rockets
developed in the Research Center of Saint-Petaydblectrotechnical University. The total number
of developed application is more than fifty. Theplagations are widely used for processing and
analyses of initial data, calculation of flight llsic and navigation characteristics;

e a set of separate applications oriented on pratgssivironmental parameters. For example, the
Decision Making Support System for Arctic Exploostj Monitoring and Governance [21] was
developed. The main goal of the system is to swmbeocean/ice/atmosphere observations and
model-based products for the purpose of fast actteshe available information on the Arctic
environment.

Future work needs to be carried out in the directbfurther adaptation of the framework for therdon of
cities economy. Adaptation assumes building onie@n the base of available knowledge provided by
existing software products and integration into ttemework the earlier developed specialized sohgi
represented in the form of technologies, programpmnents or modules. It is also reasonable to aedhe
possibilities of adaptation and usage of new teldyies developed for the spheres not related tcities
economy for processing, analyzes and managemeaitaf information and knowledge of modern smart
cities.
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1 ABSTRACT

With the rapid growth of information and communioat technologies, there is a growing interest in
developing smart cities with a focus on the knogke@conomy, use of sensors and mobile technologies
plan and manage cities. The proponents argueltbaé temerging technologies have potential appicat
efficiently managing the environment and infrastiwe, promoting economic development and actively
engaging the public, thus contributing to buildsaje, healthy, sustainable and resilient citieewéler, are
there other important elements in addition to tedbgies which can contribute to the creation of gma
cities? What are some of the challenges and opptesi for developing a smart city?

This paper aims to answer these questions by dawglaa conceptual framework for smart cities. The
framework is then applied to the city of Gold Cotastdentify challenges and opportunities for depatg
the city into a ‘smart city’. Gold Coast is a pogutourist city of about 600,000 populations in BolHast
Queensland, Australia, at the southern end of 48&r? long coastal conurbation that is centred bglZne.
Recently, IBM has nominated Gold Coast as one efttitee cities in Australia for its Smarter Cities
Challenge Grant. The grant will provide the Golda€woCity Council with the opportunity to collabarat
with a group of experts from IBM to develop stragsgfor enhancing its ICT arrangements for disaster
response capabilities. Gold Coast, meanwhile, oéanpal to diversify its economy from being ceudtien
tourism to a knowledge economy with focus on itsaadional institutions, investments in cultural gnets
and high quality lifestyle amenities. These provaeinique opportunity for building Gold Coast as an
important smart city in the region. As part of ttesearch methodology, the paper will review relévan
policies of the council. Finally, lessons will beadn from the case study for other cities whichkste
establish themselves as smart cities.

2 INTRODUCTION

With globalisation of cities, and move towards kteage and information economy, a number of cities a
now competing with one another to attract investsieknowledge workers and promoting themselves as
smart and intelligent cities. Some of these cities promoting themselves for attractive lifestidach as
cultural and natural amenities), knowledge infriadire (such as universities and businesses) and
technologies (such as sensors, mobile technolamies Internet of things (IoT)). Larger cities such a
Glasgow, Vienna, Edinburgh, Melbourne, Portland] &eattle have been at the forefront of these $rend
(Deakin, 2014). However, now there are also a grgwumber of smaller cities such as Gold Coastiwhi
are showing interest in developing as smart citféksat are the challenges and opportunities forettsesall
cities for developing them as smart cities? What tie competitive advantages they have in terms of
manpower, amenities, governance, active privateoseatiatives? Is this driven by technologies redoor
more seen holistically in terms of people, resosigewell as institutions? Is there a strong giirafecus on
developing smart cities or are they part of oppuostic and ad-hoc approach to smart city develogthen
These are some of the questions the paper aintkitess.

The key objective of the paper is to identify tialdenges and opportunities to develop a smartusigg a
case study of Gold Coast. Based on the reviewterfaiure on smart cities and local case studypépeer
will develop a conceptual framework for developgmgart cities. The paper is primarily an explorafoaper
based on review of theoretical literature and gatiocuments of local government in Gold Coast.

3 TOWARDS A CONCEPTUAL FRAMEWORK FOR SMART CITIES

There has been extensive growth of literature oarsmities in the last two decades (Deakin, 2014;
Townsend, 2013; Hollands, 2008; Castells, 1996cihill, 1999; Florida, 2002; Florida, 2004; Graham a
Marvin, 2001; Bajracharya and Allison, 2008). Hollia (2008) highlighted the importance of people and
human capital rather than just application of infation and communications technology (ICT) in
improving and transforming cities. Although smadties are ‘wired cities’, the use of ICT by itselbes not
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make cities smart. While the focus of smart citiethe past has been related to meeting corporatketing
needs, there is a need for the transition to indisocial intelligence for cities by grounding coomity led
information and communication for cultural and eomimental development (Deakin, 2014). Along with
focus on technologies, there have been recent vigrksandry (2008) and Florida (2002, 2004) who adju
for a need to develop knowledge regions and creatities. Deakin and Allwinkle (2007) summarised th
evolution of smart cities from focus on static dimdited information via city websites in the 199€s
dynamic and interactive services allowing servicangactions to develop platforms for online citizen
engagement in 2004/5. Since then, smart cities l@wesed on the development of digitally inclusive
advanced visualisation and simulation. These dgweénts illustrate an evolution from informational
intelligent to now smart city (Deakin, 2014). Irceat years, there have been several technolodegrated
into smart cities such as cloud computing, mobdeicks, radio-frequency identification (RFID) andiks.
There is now also a move towards data serviceglmade more openly accessible, democratic andcgervi
oriented around the needs of the local community.

There are a humber of useful conceptual framewtoksleveloping smart cities. For example, Nam and
Pardo (2011) identified three key dimensions of rsntwities which include technology, people and
institutions. They also argued for the need foegnation of infrastructures and technology-mediated
services, social learning for building human cdptad governance for public participation and tusibnal
capacity building. A pan-European research prdjettiCities (Paskaleva, 2014) found that governance
terms of collaborative decision-making and actian play an important role in building a smart ctyd
highlighted the importance of boosting local contpetness by using knowledge networks and integrate
services and governance. The current thinking igimgoaway from just a technological approach toward
smart cities that utilise a more holistic conceptapitalising on social, cultural and environméictpital as
well as higher education, creative talent and the@atedge workforce. Furthermore, local quality itéé bnd
local amenities for urban attractiveness and deweémt have been proposed as smart city components
(Rappaport, 2009).

Another useful concept comes from IBM’s SmartemBtaan initiative which proposes the use of smart
meters, networks and data modelling for making sitgtems interconnected, instrumented and intelljge
thereby making them more efficient and effecti&M| undated). It suggests the need for differemtspaf a
city’s system to be interconnected and able to comaate to one another. Likewise, it suggests gezlrfor
instrumentation of a city’s system to be measuralille instruments and meters. Lastly, it suggdstsrteed

for intelligence to use the data gathered to autemzany related services as well as develop pieeict
models of likely outcomes for better decision-makin the future. IBM is working with a number ofckd
councils in different parts of the world, includirtbree cities in Australia (Gold Coast, Geraltord an
Townsville), through their Smarter Cities Challer@geant, a philanthropic initiative. The areas tineyrk on

as part of the program include economic developnmariilic safety, environment and public transpi@i

is pilot testing this concept and framework of instentation to reduce waste and develop energgiexitty.
Like IBM, other multinational companies such as Csand Siemens are all developing projects for smar
cities.

A number of cities have taken important steps towadeveloping smart city initiatives. For example,
Amsterdam has emphasised collaboration betweenrgmest, business and community to develop smart
projects on energy savings. It uses instrumentalligence through smart devices and wireless serfso
enabling citizens and organisations to optimisér theactice (for activities such as energy constonpbf
appliances). It also initiated crowdsourcing, ceation and open innovation to engage the commuaity
develop solutions for public space and mobilityutdampton City Council has focussed on integrated e
services through the use of smart cards. Melbouméhe other hand, has focused on developing letye
precincts with advanced ICT infrastructure and hess parks near universities as university-business
government partnerships (Yigitcanlar et. al 2008kewise, Hong Kong has developed Cyberport as an
enterprize zone for nurturing local and global I€fart-ups and entrepreneurs. With more than 189 ICT
incubatees in 2013, the development contains efatiee-art ICT facilities, shopping mall and fiveashotel

as well as large residential complex and park Vilbhe optic and broadband connections (Hong Kong
Cyberport Management Company Limited, 2014).

Smart cities have the prospect of being effici¢ransparent, resilient, secure and sociable (Tomd)se
2013). Townsend (2013) provided a number of suggestegarding smart cities such as the need toemin
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and crowdsource everyone with care. Townsend aati dith issues associated with data such asqyijva
data access by poorer communities versus commeno@htors, and public ownership. According to him,
we need to consider social sustainability in plagrfor smart services and benefits of open dataldradso
extend to the poorer communities. As part of eadabates on the ‘information age’, Castells (129¢ued
that there could be growing concerns about theggteubetween networked global economies and social
identities of the people. Likewise, Graham and NMarf2001) point out that emerging ICTs and private
ownership can contribute to digital divide and stgiing of urbanism.

Based on the literature review above, five key teeemerged as important considerations for creatimayt
cities. These include:

(1) Cultural and Natural Amenities — local amerstieat enhance quality of life

(2) Technology — implementation of ICTs for imprawent of city systems and functions

(3) People and Skills — attraction and retentioaral support for knowledge workforce and businesses
(4) Knowledge and Innovation Precincts — faciliiesattracting and generating knowledge workforce
(5) Governance — arrangements and plans for coestimart cities

The five themes above, which are interrelated andrmutually exclusive, are summarised in Figural@ng
with potential factors applicable to each theme.

* Natural landscapes

N ¢ Cultural activities and

precincts

Cultural and «  Events
natural
amenities

*  Attraction and retention
of knowledge workforce

* Crowdsourcing of ideas
and funds

* Incubators for local ICT
start-ups

*  Mobile technologies
* RFID

* Sensors

* Drones

ICT office parks g
*  Universities and * Strategic plans

* Collaboration between innovation Governance *  Collaboration with
universities and local precincts between different

businesses sectors

Fig. 1: Conceptual framework for smart cities

The paper now applies the framework to a case stidgold Coast. Opportunities and challenges in
developing the city as a smart city are presenésgdb on the five themes articulated in the framkwor

4 INTRODUCTION TO GOLD COAST

Located as part of the larger South East Queenségidn with Brisbane and Sunshine Coast, Gold Oeas
a coastal city with a population of about half dlioni. It is the sixth largest city in Australiaitiv rapid
growth of population in the past, which has slowdeavn slightly in recent years. The city’s populatis
expected to grow to about three quarter of a milby 2026. Its economy is primarily based on teurand
construction. Gold Coast promotes itself as awithh natural beauty and relaxed lifestyle as welha ideal
location to live, work and play. While tourism hasen an important attraction of Gold Coast, thg &iso
has a foothold in industries such as educationstspdéilm, marine and IT. As part of its economic
development, the Gold Coast City Council (GCCC) saifto make its mark on the world stage, where
knowledge, innovation and commercialisation arekéedrivers for growth” (GCCC, 2014). It sees litss

a ‘city of opportunity, on the cusp of a transfotiba change’ with the forthcoming hosting of the
Commonwealth Games in 2018. To this end, the GCa@g<rhcently begun its journey to develop Gold
Coast into a smart city. Figure 2 shows an aeliih\of Broadbeach and Surfers Paradise, key agtivit
centres of Gold Coast (Gold Coast Convention arfdtiion Centre, 2014).
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Fig. 2: Aerial view of Gold Coast

The paper now identifies key opportunities and lelngles for developing Gold Coast into a smart witgler
the five identified themes of the smart city franoekv The discussion below is based on critical
understandings of the city’s existing context al a®various policies of local and state governisen

5 CULTURAL AND NATURAL AMENITIES

The first theme is Cultural and Natural Ameniti#isis associated with amenities, events and aitnast
which can enhance quality of life for local comntigs, thereby attracting knowledge and ICT workers.

5.1 Opportunities

5.1.1 Attractive Climate and Settings

Gold Coast has a subtropical climate with more tBAnkilometres of beaches on the eastern end and
ecologically diverse national parks and hinterlad the western side. Gold Coast is home to several
historically significant sites and World Heritagestied rainforests, which are open to the publicvsits. As

a major tourist destination in Australia, Gold Qoalso contains a range of entertainment facilisiesh as
theme parks and wildlife sanctuaries. The cityl$® aich in sports and recreation facilities fotiaties such

as go karting, skydiving, golf, surfing, ice skatiand bowling.

5.1.2 Cultural Precinct and Facilities

The GCCC is facilitating the development of a CrdtiPrecinct in Surfers Paradise, the city’'s majarrist
destination. The objective of the Cultural Precisdb showcase local culture, arts and creatvitthe Gold
Coast community to the world. The project was #@tigied due to the recognition by the GCCC (2013&)p
that the Commonwealth Games event in 2018, whidlhattract significant number of visitors to theygiis
an opportunity for the city to culturally “shine d¢he world stage.” In addition to the Cultural énet,
expected to be completed by 2018, there are a muofilexisting art galleries and museums througltaeit
Coast, which have served as the city’s attractions.

5.1.3 Variety of Events

Gold Coast is a city of events where events ararosgd on a weekly basis. In addition to smallemey
which are free or low-cost, the city also holdsuanber of major events every month. These majortsyen
regularly organised every year, encompass many ébeand activities such as filming, sporting
competitions, music festivals, animal expos, carexpos, and marathons. A key major event theiciset

to host is the Commonwealth Games 2018, for whasleiml programs have been put in place by the GCCC.
These initiatives focus on better equipping the @itlditional transport and community infrastructure
including a light rail system, a Commonwealth Gamessdential village and additional sporting venues

In addition to the wide range of events the citgtepGold Coast is also rich in event venues aadesp
Some of these venues include the Gold Coast Coveand Exhibition Centre, universities’ and hotels
function centres, and sporting stadiums, which Hested various events in addition to sporting imadgc
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5.2 Challenges

5.2.1 Public Safety during Events

Public safety during events, particularly major @ngas been a challenge for Gold Coast. One exanhple
event where public safety is a significant conasr8choolies, an annual event spanning across weeks
during which more than 50,000 teenagers acrossrdlisstvisit Gold Coast to celebrate their high saho
graduation. Schoolies on Gold Coast has been assdaoiith activities such as illegal and excessitake
of alcohol and drugs as well as harmful behaviguasn et al., 2013).

5.2.2 Unaffordable Housing Market

According to the 10th Annual Demographia InternagioHousing Affordability Survey, the housing marke
in Gold Coast is classified as “severely unaffotdatwith a Median Multiplé figure of 7.7 (Bertaud, 2014,
p. 2). Median weekly rent in Gold Coast, meanwhilas $350 in 2012, requiring young parents to gatou
80% of their income on rent (Knight, 2012). Theklaé affordable housing is a major barrier for G@dast
to attract knowledge workers.

6 TECHNOLOGY

The paper now considers the Technology theme, wikichlated to the implementation of several IC3's t
improve the manner in which the city functions. Aiealogies can also play a vital role in attracting
knowledge and ICT workers to a city.

6.1 Opportunities

6.1.1 Integration of Smart Technologies

More than 600 wireless sensors have been instati€gpringbrook National Park, a 6725-hectare World
Heritage-listed rainforest in Gold Coast. The semdwave been monitoring a range of environmental
variables in order to track biodiversity restoratiprogress in the area. The award-winning monigprin
system was developed through a joint initiativewleetn Queensland Government, CSIRO and other
government agencies (Queensland Government, 2013).

The GCCC established a Safety Camera Network ir8 #®9ensure Gold Coast would have a safer
environment for local communities and visitors. NVt50 cameras operating in key activity centres, th
cameras are continually monitored to ensure crardetected and reported in a timely manner. In 2018
council funded a trial of mobile cameras to furtimprove the city’s public safety (Stolz, 2013). Mover,
Metricon and Chus Super, two major sports stadiim@old Coast, may be incorporated with spy cameras
in the near future. The cameras, which can autaailjtirecognise banned sports audiences at theagatte
promptly inform the security, are expected to inyerpublic safety during events (Wilson & Rolfe, 2Q1

Provision of better local parking management arfichdtructure is one of the key actions in the Gothst
City Transport Strategy 2031. The council is cuttyeinvestigating models for integrating ICTs suah
wireless sensors into the parking infrastructur@ughout Gold Coast. It is expected that data geedr
from the integrated technologies will be made add to the public. By doing so, the council internd
encourage smartphone apps to be created by lozahaaities for local communities (Tozer, 2014).

6.1.2 [IBM'’s Smarter City Challenge Grant

In 2013, Gold Coast was awarded with IBM’s Smar@ty Challenge Grant. As part of the grant's
arrangement, six experts from IBM cooperated wiib GCCC for three weeks. The collaboration is
expected to lead to recommendations for improvimg d¢ity’s public safety as well as disaster respons
capabilities through smarter use of technologies.thfe third city in Australia to receive a Smar@#ies
Challenge grant, the award is a key opportunifyngrove the city’s ICT arrangements for public $afe

! Median Multiple is the ratio between median hopsee and gross annual median household incomeg@r2014).
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6.2 Challenges

6.2.1 Funding

With a current annual budget of AU$1.1 billion, tmejority of the council funds (79.25%) is planrtecbe
spent on council’'s operating expenditure (GCCC_3201The council, under the new leadership andesyst
has been reducing its yearly rate increase sind2.Zbherefore, the GCCC'’s funds will be increasmgl|
limited to services which “ratepayers can affor@GCC, 2013a). Implementation of ICTs for creatintpg
cities can be an expensive process (Bajrachargh, @013). As such, there may be limited fundiagilable
for developing Gold Coast into a smart city in thture.

6.2.2 Privacy and Security of Data

Data generated and collected from ICTs are subgeptivacy and security concerns. Privacy, whidsesr
from data pertaining to individuals, can affect motly personal identity, but also physical welllggin
personal behaviour and personal communication ¢Baat al., 2012). It is important to protect thevacy
of data relating to individual community membergrashandling of personal information is taken asoss
offence by both the government and community. Sprictocols and precedures will need to be emplayed
order to filter raw data from ICTs and ensure firatacy of individuals is protected.

Data are also susceptible to cyber-vandalism wiaigh lead to inappropriate ownership and usage of
personal or sensitive data (Hancke et al., 2018cdChas revealed that there has been significamit in
cyber attacks, which now pose a “threat to life’'B@ 2014). Appropriate systems and procesures ghoul
therefore be applied to minimise the possibilitycgber-vandalism on any smart technologies implaeten

in Gold Coast. The GCCC has recognised the needdore privacy and security of data in their srogyt
vision (Tozer, 2014).

6.2.3 Technology Adaptations by community

As part of the smart city process, data can be dsowced from local residents and information potgiu
can be disseminated to communities through seviEd@k such as smartphones and social media
(Bajracharya et al., 2013). Adaptations to theshnelogies, however, can be a challenge. As a popul
retirement destination, Gold Coast is experieneigging population. While senior residents ageeéaxt| 65
years accounts for 14.4 per cent of Gold Coast lptipu, this figure is projected to increase to entdran
20.2 per cent of the city’s inhabitants by 2031 (& undated). Furthermore, due to Gold Coast higiisc

of living as well as the unaffordable housing marliscussed previously, poverty is also an increggi
prominent issue affecting the city’s residents (&a@012). Ensuring adaptations to smart technaogie
among older and lower income groups within the llecanmunity in Gold Coast could be a challenge with
digital divide in technology adaptation.

7 PEOPLE AND SKILLS

The third theme the paper now examines is PeoleS&ills, which is related to the attraction antengéion
of knowledge workers and ICT businesses to a city.

7.1 Opportunities

7.1.1 Local Availability of ICT Businesses

A number of ICT start-ups and businesses are Idcate Gold Coast. As mentioned above, Anittel and
CoastalCOMS are located in Gold Coast. CoastalCOMS been collaborating with the GCCC in
monitoring conditions of the city’s beaches througke use of cameras, which show live images of the
beaches on a web portal. The images are intendgtbte existing ocean and beach conditions, whisfstas
local residents with planning their beach visitheTwebsite provides real-time information on other
environmental variables such as wind directionstentperature. It also collects and displays histdrilata

on Gold Coast’s beaches, thereby creating oppaisrior future research projects (Coastal COMS0201

7.1.2 Support for ICT Start-Ups and Workers

Silicon Lakes, a non-profit organisation, is anubator for ICT start-ups and provides co-workingcgs as
well as programs for supporting ICT entrepreneltirsollaborates with other start-up incubators abthe
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world. The company seeks to promote Gold Coast“dgsirable location to start, develop and opel@ie
applications, businesses and resources” (Silicde$,e2014).

Gold Coast TechSpace provides workshops for communémbers to learn about different technologies
such as robotics, green technology, hardware ahdege. Residents of all age groups are invitepito the
workshops, which are run weekly. The company prewidifferent levels of memberships to cater for
different levels of interests and needs of the canmity (Gold Coast TechSpace, 2013). With the GCE€@ a
Founding Partner, TechSpace plays a vital roleeating local ICT workers for the city.

7.2 Challenges

7.2.1 Attracting and Retaining Knowledge Workers

Gold Coast has relatively limited employment oppoities and options. In 2011, Gold Coast's
unemployment rate was 7.4% in 2011 in comparisdhémational average of 5.6%. Moreover, Gold Coast
currently contains the highest number of inter-citynmuters among all Australian cities, with mdnart
26,000 workers commuting to Brisbane, the capitgl af the Queensland state, on a daily basis (KPMG
2014). The limited employment opportunities in G@ldast may affect the city’s ability to attract aetain
tertiary students as well as knowledge and ICT wexwk

7.2.2 Local Knowledge and Skill Base

According to the 2011 census data, 56.2% of GoldsCpopulation of at least 15 years of age had not
acquired a post-school qualificatibAdditionally, the majority of local workforce (%) was employed as
blue-collar workers, including: traders; machineperators and drivers; and drivers (Australian Buref
Statistics, 2011). Improving local knowledge anil flase among current and future generations okers

in Gold Coast is a challenge the city needs toesidin its transition into a smart city.

8 KNOWLEDGE AND INNOVATION PRECINCTS

The fourth theme to be applied to the analysis @d&oast is Knowledge and Innovation Precinctsctvh
are facilities for attracting and generating knalge and ICT workers.

8.1 Opportunities

8.1.1 ICT Office Parks

Gold Coast currently offers several office parksahtspecifically cater for ICT businesses. As mrthe
GCCC's Pacific Innovation Corridor strategy, Vaydilakes, a master-planned community adjacent tadBon
University has been designated as a specialisedull To this end, it contains Varsity Central which
provides offices and spaces for ICT businesseser8eVCT firms are now located in Varsity Central.
Examples of IT-related firms in Varsity Central lude Anittel, an ICT consultant company which pd®es

IT support to organisations, and CoastalCOMS, wihiphcialises in environmental monitoring via video
content analytics. In addition to Varsity Lakesufport, the city’s Central Business District, ladso been
designated as a technology hub.

8.1.2 Gold Coast Health and Knowledge Precinct

The state government of Queensland implementedogqgbrto establish the Gold Coast Health and
Knowledge Precinct, comprising Gold Coast Univgrslbspital and Griffith University, in Southporth@
precinct, now completed and operational, offerdimgtedge healthcare services to local communities.
also provides opportunities for the university’'sdiwal students to undertake hands-on training at th
hospital. The health and knowledge precinct will aoly promote Gold Coast as a desirable locatolive

for knowledge workers due to availability of highadjity health services but also generate additibigth
quality knowledge workers in the healthcare industr

? Post-school qualifications include qualificatioas the following levels: certificate; diplomal; aatwed diploma;
bachelor degree; graduate diploma; graduate @atifj and postgraduate degree.
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8.1.3 Links between Universities and Hospitals

In addition to the Gold Coast Health and Knowleégecinct, the other two universities in the citg ao-
located with hospitals. Bond University, locatedRiobina, is situated in proximity to Robina Hoshita
another major state hospital. Southern Cross Usityermeanwhile, is situated in close vicinity afhh
Flynn Private Hospital in Coolangatta and Tweed pitat in Tweed Heads. These universities have been
collaborating with the hospitals in providing piaat training experience for medical students.

8.2 Challenges

8.2.1 Lack of Connectivity between Knowledge Precincts

As discussed above, the three major knowledgermutscin Gold Coast are located in Southport, Robim
Coolangatta. Due to the oriented design of Golds€tr@nsport infrastructure, there is currentlyklad
direct connectivity, particularly by walking, cyefl and public transport, between these knowledgeimets
(O'Hare et al., 2012). By strengthening transpikd between these key precincts, greater linkevédoet
universities and hospitals can be established.

8.2.2 Lack of Research and Development Collaboration

There is a need for the council to further collaberwith the three universities located in the,aitgmely
Bond University, Griffith University and SouthernmdSs University. Currently, there is only singleds on
one knowledge and health precinct around Griffitiividrsity in Southport, which concentrates on fleddf

of health sciences. By collaborating with the ursitees, greater synergies between universitiesallo
businesses and the council can be developed irr todstimulate the city’s research and development
(R&D) activities in various fields of knowledge.

9 GOVERNANCE

The paper now looks at the final theme of Govereamdich relates to arrangements and plans fotingea
smart cities.

9.1 Opportunities

9.1.1 Council's Economic Strategies

The GCCC has adopted three primary strategies dmqie Gold Coast as a smart and economically
sustainable city. These strategies are Economicelbpment Strategy, Digital Strategy and Pacific
Innovation Corridor. Through Economic Developmetrafgy, the council aims to promote the city as an
international destination of choice for business@®e of the key themes of the strategy is Innowatichich
seeks to encourage establishment of new start-amémses and utilise ICT as part of the city’s esyst
more effectively. The strategy’s Cultural themeamehile, seeks to “attract new talent, knowledgekens
and investment” by strengthening the city’s uniqukture (GCCC, 2013c, p. 17).

The GCCC has recognised that a focus on digitah@oy and strategy can lead to substantial economic
benefits for a city. To this end, it has adoptedigital Strategy, in which ways ICTs and advanced
technologies can be integrated to the city’s cotitvn, manufacturing and tourism industries aentiied.

The strategy also outlines the council’s approaatnhancing the city’s ICT infrastructures.

Pacific Innovation Corridor is a long-term econondevelopment program which has designated 13
precincts across the city as key economic cenfimshnology focus has been given to three of theimets,
namely Robina, Southport and Varsity Lakes. Theegfduture planning and development in these
communities will have strong emphasis on ICT intftasture and services. All three strategies dismiiss
above will provide Gold Coast with an attractivevieonment for ICT workers and businesses.

9.1.2 Digital Enterprise Program

The GCCC applied for and secured funding from thestfalian Government to run Digital Enterprise
Program workshops. The workshops, available andréal to individuals and groups, aim to improve the
manner in which organisations conduct businesseslaliver services online. The workshops covemagea
of topics, including cloud services, teleworkingber security, and online presence (GCCC, 2013bg T
program plays a vital role in supporting local Imgsises by capitalising on the potential that ICffex 0
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9.1.3 Open Data Access Project

The GCCC has “committed to publishing priority datis, in an open manner that facilitates transpgren
and the development of solutions and tools by Godésters for Gold Coasters” (IT Gold Coast Forum,
2014). To this end, the council has recently imgetad an Open Data Access Project to establish a
framework for distributing data collected by gowaent authorities to the public. The project aimgnsure

the data distribution will allow innovative inform@n products to be available to local communibésold
Coast. It also seeks to build local capabilitied@r businesses and provides commercial opporamitr
local ICT start-ups (GCCC, 2013e). In late 2018 GCCC hosted an Open Data Forum, attended by data
enthusiasts and developers. The event soliciteolvative ideas on how locally collected data carubed

and distributed. Another topic covered in the fonwas the types of data that would be useful tollte&
businesses and local community members. There tedutsgreater involvement of local community irsth
project, in terms of understanding their needs @terns, as well as identifying ways in which tlcay
contribute to the project.

9.1.4 Public-Private Collaboration

The GCCC has been actively collaborating with a Imeimof private businesses to spearhead the
development of the city’s ICT industry and infrastiure. As discussed previously, the council haanbe
working with CoastalCOMS in monitoring beach coiwlis and acted as a Founding Partner for TechSpace.
The Open Data Access Project also strongly invdlvegrivate industry in order to ensure approprigpes

of data are available publically for the most inative and useful outcomes for the community.

9.1.5 Opportunistic Approach for Smart City

The GCCC has displayed an opportunistic approagiramoting Gold Coast as a smart city. The council
successfully applied for and secured the IBM’s SeraCity Challenge Grant to acquire input for itsast
city initiatives from the private sector. The coilmtso won the bid to host the 2018 Commonwealdmes,
which represents a major prospect to promote tiyés girofile as well as developing smart infrastuure for
events. In 2013, Gold Coast hosted the Intelligemies Summit, a two-day conference on smart cities
attended by academics, decision makers and coepexatcutives. The event promoted Gold Cast ashane t
places “central to the creation and commercialratf innovative new products, processes, and ses\or
global markets” including the development ICT istraicture and workers (Future Cities Institute, 301

9.2 Challenges

9.2.1 Ownership of Data

During the Open Data Forum, data ownership wastifilth by local ICT businesses as a major barmer t
creating innovative information products. While sodata on local environment conditions belongethé¢o
local council, others were exclusively owned bytestar federal governments. Due to the data ownershi
arrangements, local developers were unable toecisratirtphone apps which provide information such as
weather warnings in real time. The ICT busines$ss cited the need for all data to be availablelipally

in real time in order to create useful productsiéoal communities.

9.2.2 Lack of Strategic and Statutory Directions for Sn@ity

While the council has displayed an opportunistid anllaborative approach to establishing the c#yaa
smart city, it has not incorporated its intentiarthis regard in its Corporate Plan 2009-2014 dbeument
charting the city’s strategic directions. Likewislee draft City Plan 2015, the new planning scherh&h
outlines statutory requirements for planning angettgpment throughout the city, does not specifjcall
mention developing the city as a smart city. Ashsubere is lack of strategic and statutory dimaeti for
creating Gold Coast as a smart city. Figure 3 sumnsemm the challenges and opportunities for devetppi
Gold Coast as a smatrt city.
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Challenges and Opportunities to Develop a Smart @itgase Study of Gold Coast, Australia

Opportunities

* Attractive climate and settings
* Cultural Precinct and facilities
*  Variety of events
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*  Public safety during events

* Unaffordable housing market
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Fig 3: Challenges and opportunities to develop @mdst as a smart city

10 CONCLUSION

With cities becoming increasingly globalised andmpetitive and moving towards knowledge and
information economy, the concept of smart citieatisacting interest from city officials, the prieasector,
local communities and academics. This paper hasiiexa the nature of smart cities through a liteatu
review of the idea. The use of ICTs alone doesnmalte cities smart — other dimensions includinguralt
and natural amenities, people and skills, knowlgaigeincts and governance are equally importanésé&h
factors were collectively integrated into a smést framework, which was then applied to the casel\s of
Gold Coast to identify challenges and opportunitiedeveloping the city as a smatrt city.

Five key lessons for developing smart cities hawerged from the case study analysis. First, tacttand
retain knowledge workers, public safety, housinfgrafbility and employment opportunities are impoitt
considerations. Second, privacy and security coiscef the community associated with collected detzd

to be addressed when implementing ICTs for mompthe built environment. Third, given universities
create knowledge workers for the city they situatdghere is a need to establish collaborativedibktween
these universities and other stakeholders, inctudtal council and businesses. Such links canterea
opportunities for R&D activities and provide praeii training to university students, thus providihgm
with effective transition from the academic enviment to the industry. Fourth, data collected by 4CT
should be publically available in real time to faate the creation of information products andvemss for
local communities. Lastly, while programs and dadigation between the private sector and the pelator
are important, smart city development should beesidbd as a key objective in strategic and statytlanys
for a city and local community needs to be activahgaged in the planning process. By doing sopniyt
will the transition of the city into a smart citgtome a planning priority, but the city’s futurevdl®pment,
driven by the private and community sector, wilaabe supportive of the smart city objectives.
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1 ABSTRACT

Without establishing a link between theoreticale®tion and empirical inquiry, “smartness” as wad
“smart development” risk to be nothing but whatr@tad Griesemer (1989) would call a «boundary dbjec
(i.e.: something that can be interpreted in so mdiffgrent ways). On the one hand, in fact, thregmm
different smart urban development approaches cadidtmguished; on the other, existing resourced an
local weaknesses, possible opportunities and clgdke play a relevant role. The aim of the papes thu
consists of checking “on the ground” the concepfsaiart development” by using as a case-study itiyeo€
Rome and its metropolitan area.

2 SMARTNESS AS A “BOUNDARY OBJECT”

Contradictions, ambiguities and even unexpectedaxguences implicated in concepts, ideas, images and
imaginaries rotating around “smartness” requirenk between theoretical reflection and empiricajuimy:
checking “on the ground” existing resources an@lleeeaknesses, possible opportunities and chalietige

be considered for a city — in this case, the mefligm area of Rome — in order to become “smartbfis
paramount importance for assessing the presemet atat the future perspectives of smart citiesat, foy
using a notion originally proposed by Star and &rimer (1989), we could say that “sustainable
development” — as well as the ITC “declination”sofhart cities — is nothing but a «boundary objeiot», an
“object” (which can be constituted by material atgeas well as texts, ideas, programs and so ahg#m be
interpreted differently, given the different persipee and interests, by the actors involved whéaining a
core set of shared meanings, allowing mutual unaeding or productive misunderstanding.

As well-known, the very idea of “smart developmewts first proposed by Meadows al (1972), but its
“official” roots are to be searched in the concepsustainability (WCED, 1987): since 1987, whernufO
Common Future” established “sustainability” andstsiinable development” as part of the global lexjco
such concepts have become a fundamental theoréticaéwork for urban and regional studies, but they
could also be described as one of the most impiopiaces of rhetoric characterising the last tideeades
(see, e.g.: Myerson & Rydin, 1996): as both a ‘lvatrds” and a contentious concepts from the outset,
scientific literature on the topic is consideraldad yet books and article come out relentlessljtgeature
review on the topic can be found in: Jepson, 2001).

Nevertheless, the idea of “sustainability” — tood, vague and economically-centred — is far fremdpan
effective paradigm: while many scholars highligliwhthe meaning of “sustainable development” still
remains obscure (Lindsey, 2003; Hanan, 2005), @gepest-known definition— «development that meets
the needs of the present generation without comigingithe ability of future generations to meetithe
needs» (WCED, 1987, p. 8) — is widely criticised @rvariety of environmental, economic and ethical
grounds (see, e.g.: Daly, 1989; Daly & Cobb, 18®ad, 1994; Skirbekk, 1994). In short: what istake

is how needs are to be defined and anticipatedbgrwthom. Not surprisingly, although there is sabsal
agreement about the conceptual meaning of susthtiypdb ecological and systemic terms, its tratisia
“on the ground” into physical human settlementsaig® problematic (Harris & Goodwin, 2001).

3 THREE SMART SUSTAINABLE URBAN DEVELOPMENT MODELS

3.1 Smart growth

According to literature on the topic, three mainffadient urban development approaches can be
distinguished. First, the model of “smart growttwhich can be understood as an attempt to restpsraws
through a variety of land-use control and otheramal/local policy mechanisms aimed at encouragioge
compact development, urban revitalisation/re-disegytransportation and housing diversity, opencepa
protection, and collaborative decision-making (seg,: APA, 2002; see also: Campbell, 1996). Dutirey
80s, in fact, in many European cities the econanievth has been accompanied with a reduced populati
density (Newman & Kenworthy, 1999; Bruegmann, 200&hd decentralisation of workplaces and
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residences is by many considered an almost indeitelndency in Western Europe (EEA, 2006), while in
the Eastern European countries urban sprawl! tdkee pat a pace which leaves anything experiencéuki
west far behind» (Schwedler, 1999). As a conse@jeduaring the latest decades, several studies (e.g.
Newman & Kenworthy, 1999; Williamet al, 2000; Naess, 1993; 2001) have investigated tHerpsance

of different urban spatial structures against soahility criteria.

The smart growth approach particularly focuseshenrélationship between urban form and mobilityt &s
believed that dense and concentrated urban develttgenmore conducive to sustainable mobility tleam
density spatial expansion of the urban area (New&&menworthy, 1999; Naess, 2006; 2009; 2010; Zegras,
2010), so that the compact city is proposed asstaisiable urban form (CEC, 1990; Jemksal, 1996),
without considering the relevance of the inhabgaohoices of mode of transportation, which, imtuare
influenced by further factors, such as, for instarbe relative speeds of car and public transfisss,
2006). Furthermore, many scholars still tend taufoon a technical invention, as the automobil@ssthe
cause of the spreading of sprawling pattern, bigt ifra simplicistic view, since not only the cigale
represents a specific challenge, but also citieggires and mobility patterns are arguably higldynplex
systems that are shaped in so very different wapnding on the natural, social, economic andipalit
conditions. In fact, the “car regime” actually kst something different within European countriés:
characterised West European cities during mogte@R0th century to an extent higher than the Saifedn

or the East European countries — where collectdlatisns and, consequently, apartment buildingsewer
dominating — but lower than USA and Canada, whedévidual solutions and lifestyles and, thus, siagl
family homes played a relevant role (Pucher, 1990).

Under smart growth, however, an expansive economy opulation are not viewed as necessarily
incompatible with environmental protection (Danj&d801; Porter, 2002; Yet al, 2005), whereas, instead,
what seems to be needed is a critical analysisefatl political-economic structures and mechanisctsng

as driving forces towards generally increased copsion levels, single-family housing and mobility
schemes, and weak urban land use regulations (&0&0). In other words, barriers to smart sustaility

are to be searched into the capitalist economiesyand its growth imperative, competition, unespatial
development and adversion against regulations.

3.2 New urbanism

Supported by a strong interest group in both USWiKdthe model of “new urbanism” (CNU, 2009; Barnet
2004; see also: Neess, 2011), instead, is stronghbigd oriented, representing an “architecture of
community” that is more humanised in scale and attar. With a focus on physical appearance and
neighbourhood layout to improve quality of lifecills for more compact, mixed-use developmentsimgu
diversity, architecture that is consistent and isieesto place, common open space abundance aachait
circulation that is pedestrian friendly and orieh{&atz, 1994; Wheeler, 2004). Problems concertiirey
model of “new urbanism” consist of the fact that thtter is nothing but a “niche solution”, whiclilviaave

to co-exist for a very long time with the inertiitbe existing urban built environment: a long-teafiair
also representing an investment that unavoidat#ates strong path-dependencies. Thus, such ni¢hes o
innovation are smart only in a relative sense,inabsolute terms, since old material structuresrarely
being removed to the same extent as new ones deel.aBmart urban development, in fact, is not ablyut
promoting the environmentally less damaging sohgjat is also about actively constraining and refing

the existence of the unsustainable “objects”.

Furthermore, the actors promoting such niche smigtiand the vested interests they represent sedm to
somewhat overlooked, being a little focus on stlegdetween different interest groups each seeting
realise their specific desired version of a smastestainable society: a practice of “offering sdmreg for
every taste”, which appears to be closely tiechéogrevailing neo-liberal and economic paradigm tanhe
related consumerism represented by ever-increasiobility and soil consumption. Not surprisingly,
Krueger and Gibbs (2007) highlight a strong cotietabetween US cities which have prospered insthe
called “new economy” and those which have adoptedaiable policies, since increasing green public
areas, decreasing traffic and road congestion, @iam green energy systems and alternative ways of
recycling may be considered as factors in the @itna of talent, tourists, and investors, also gbaoting to
both an increase in housing costs and a fostemkgs of gentrification: an unintended result tieg been
defined as «eco-gentrification» (Keil, 2007).
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In this sense, the model of new urbanism clearlyars discourses of ecological modernisation (ktoal.,
2009) as it seems to be permeated by a tacit assumyd continual economic growth, according to @i
innovation can redefine ecological limits, so teabnomic growth can be de-coupled from environnienta
degradation by re-directing production towards emvinental goals (Smitét al, 2010) and thus promoting
a sort of green competitiveness in the market eognsee: Bluhdorn & Welsh, 2007; Vavouras, 2011),
without considering the need to ensuring a dedandard of living for the least affluent inhabitartVhat is

to be highlighted here are risks in policies whach theoretically framed in a smart sustainableaggh but
which in practice are simply sustaining a greemeaac growth: in fact they can end fostering indijes
among social groups (Cucca & Tacchi, 2012).

3.3 The “ecological” approach

Finally, the perspective of what can be summar&gdhe “ecological” approach is local, but its aocéa
concern is systemic, as it considers the commuastthe product of a collection of interactions timaist be
kept in balance over time. The aim is to developmmnities that do not exceed the limits of nature t
sustain them, according to the concept of carrgagacity. This is accomplished primarily throughbiow
policies that encourage the replacement of nonwehke energy and other resources, the protecti@pen
space (particularly in relation to biological andtural processes, assets and services), the use of
“appropriate” technologies, the reduction and ratuassimilation of waste, and local economic and
functional self-reliance (Platt, 2004; Kline, 20Megister, 2002; White, 2002). Nonetheless, adzPelii
(2012) argues, the undeniable successes towardsffeziency due to new technological and regulatory
instruments «look geographically, socially, politig and technologically fragmented», so that tked to

be «often questionable in their eventual result».

On the one hand, as the connections it establlsttegeen economic, ecologic and social aspectsitdesh
cornerstone of the notion of sustainability, acaogdo which profit, planet and people are to bensaot
only as reciprocally implicated but as mutuallynfercing, Connelly (2007) argues that the image¢hoée
intersecting circles «neatly capture[s] the diffexe between sustainable development and the psdyiou
separated concerns of policy and politics, sugggsipt only the holistic scope of the concept Hsio dts
characteristic claim to integration». On the othand, Marcuse (1998) points out two main criticgects

of the concept of sustainability: the first one cems the limitations imposed by the technologythef
present and near future on the ability of the emvitental resources to fulfil human needs; the sikcon
consists of the barrier, represented by the sacgdnisation of the economic means of productiorthe
possibility of following a sustainable pattern @wvetlopment.

Therefore, as Burns (2012) remarks, «rather thagcige scientific concepts», “sustainability” and
“sustainable development” «are political and nomeatideas». As such, they do not imply semantic
disputations but political arguments (Jacobs, 1#@@puse «they are contested and part of struggéeshe
direction and speed of social, economic, and galitinitiatives and developments» (Burns, 2012;alse:
Davidson, 2009; Krueger & Agyeman, 2005; BluhdornWeelsh, 2007). Risks, in fact, concern that «in
place of radical new openings» the term could Ibe (ssually is) «attached uncritically to existimggtices
and policies that might benefit from ‘re-brandingbn the broader frame of «the re-emergence of ehark
economics and neo-liberal policies», and the camsgigattempt «to transform environmental choicés in
market preferences, following neo-liberal orthodexXRedclift, 2005; see also: Swyngedouw, 2007; 2010
Pellizzoni, 2011; Pellizzoni & Yl6nen, 2012).

In fact, although «human well-being, equity, dematicrgovernment, and democratic civil society aetal
constituents of sustainability» (Magis & Shinn, 9)0the social pillar of the concept has entered th
political agenda to a limited extent (Dillaed al., 2009). On the one hand, despite some except&gs
Polese & Stren, 2001; Magis & Shinn, 2009; Bostr@01.2), especially topics relating to social indijypa
justice and inclusion seem to be both less integratto studies considering sustainability andaegdl by
more intangible and less measurable concepts,aaitdentity”, “sense of place”, and the benefitsacial
networks (Colantonio, 2008). On the other handjiti@al themes, such as equity, poverty reductod
livelihood, have instead been gradually left to tinead and independent literature concerning oppitey

concepts such as “social cohesion” and “socialiesxeh” (Pahl, 1991, Littig & Griessler, 2005).

Proceeding®REAL CORP 2014 Tagungsband ISBN: 978-3-9503110-6-8 (CD-ROM); ISBN: 978-3-950817-5 (Print) E
21-23 May 2014,Vienna, Austria. http://www.corp.aEditors: Manfred SCHRENK, Vasily V. POPOVICH, Pef&EILE, Pietro ELISEI



Checking Smartness “On the Ground”: Historically RabDilemmas, Future Challenges and Visions for ar@&maletropolitan
Area of Rome

4 CHECKING SMARTNESS ON THE GROUND: THE METROPOLITAN AREA OF ROME AS
A CASE STUDY

4.1 The role of rent and the spreading of illegal setdments

4.1.1 The “real estate block” as collusive oligopoly

At the beginning of the 19th century the city offRowas surrounded by the vast emptiness of thaltedc
“Roman Campagna” and a new bourgeois class wasgergerThese were the so-callechércanti di
campagna (“countryside merchants”): about 80 former shepkewho accepted to rent lands from
aristocratic landlords even with lease contractsetaon 15-years prepayments in order to managéeall
economic activities linked with the latifund. Afténe unification of Italy (1860), when Rome begae t
capital city (1870), such emerging social group erenand more involved in building activities — will
constitute a serious obstacle for modernisatiorst fior its systematic evasion of taxes on agricalt
products, and, second, for its complicity with #restocratic landlords to retard, through falsecpase and
sale, the selling off of ecclesiastic propertiesoading to the Law no. 1402/1873 (Della Seta, 198H)s
coalition constitutes the basis of what, in the 42dh century, Parlato (1970) will calbkcco edilizio
(“real estate block”). As a result, from 1873 to818about a fourth of the land of the Roman Campagna
changed its owner, but without being divided in Bengplots, as the law required, so that large aed/
large latifunds (50% more than 500 ha., 20% betviz2@d0 and 5,000 ha.) were 396, and owners 204.

Thus, what will become the distinctive featuredhsd urban development of the city of Rome are direa
highlighted here: first, the assumption of rentpgesally “waiting” rent) asprimus movendor urban
development, resulting in a collusive oligopolytiké holders of building areas (Insolera, 1962; T,d2@09;
Natoli, 1953; Cederna, 1956; 1965; 1991; Della Sef2ella Seta, 1988); second, the weakness ofdbal |
public administration, who renounces claiming a -partisan position (Insolera, 1959). In addition, a
cultural debate highly dissociated from the effectmanagement of the city, although architects and
planners, as depositories of “specialist” knowledgmded (and still tend) to establish themselves a
members of the ruling class (in: Sanfilippo, 1992).

On such a background, two distinctive movementsacitarising the cyclical process of urban expansam

be clearly distinguished: a first one consistingh® establishment of legal or illegal settlemeagdsolated
outposts in the rural space, outside the borddisadeby the city’s master plans; then, a secondenent
corresponding to their legitimisation through thelusion within further borders of further plans(i their
“phagocytation” by the urban, but without reallyigdsting” them). For this reason, differently frorarth-
European countries, urban sprawl in Rome cannattbepreted as the outcome of sub-urbanisatiordeglii
by the demand for a better quality of life, butheat as the expression of an over-urbanisation:racso
«overflow» (Scoppetta, 2009). Such double movemdntilding outposts in the rural space, then inicigd
them into master plan thus providing them with pubifrastructures and services so that the in-betw
areas may be granted of planning permissions — sneaprocess of rent accumulation given by the
betterment value (i.e.: the increase in the valulamd determined by changes in the planning repirime
other words: the increase of the value of landdéarty concerned with planning decisions as thelahay
consist of granting of planning permission for ahsr value. Both infrastructure improvements and
provision of new services are further forms of &ettent that increase the value of land.

Parlato’'s ®locco edilizio (1970), dominating the city for so many yearsswaheterogeneous coalition
politically supported (and largely favoured) by thght-wing, with a hegemonic nucleus of landlords
(widely including the Catholic Church for obviousstorical reasons) and financial groups. Among¢hése
Societa Generale Immobiliare (SGI), a land-credihk controlled since 1935 by the Vatican thanks to
money deriving from the compensation by the Italgtate within the frame of the Lateran Agreements
(Vidotto, 2005; Caracciolo, 1956). In 1945, in fabe Vatican was one of the four major sharehsl&2%,
while the other three: 5,1%, 2,9%, 1,8%) (Bartol#801). Such coalition used for rent-seeking Weaiato
(1970) has identified as «the ideology of privatelyned house» (see also: Rocegaal, 1980). In fact, in
1951 a relevant unbalance existed between thedotalint of flats and resident families, as manthem
arrived in Rome from the central and southern ltalying the final bombing phase of WWII and infotipa
settled outside the urbanised area. They livedrawded (600.689 families) or overcrowded (520.517)
conditions, and less than a half of the inhabitiedis fwere not provided with kitchen, drinking water
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bathroom, electrical and gas equipment (103). I6119n fact, the urban areas with illegal and infat
buildings occupied 1.300 ha. and hosted 150.00&kitdints (De Grassi, 1979).

In 1948 the SGI promoted the Istituto per I'eddizeconomica e popolare (IEEP), a public/private
partnership for social housing involving the Vaticgome private banks and some of the major ndtiona
public or private companies as well as the (puliliaysa per il Mezzogiorno, established for prongptire
development of the disadvantaged Southern regidrslEEP was widely favoured by the funding prodide
by the so-called “Tupini’s Law”, and, then, by thecree no. 399/1947 (then: Law no.22/1950). Thiter a
the stop due to WWII, at the end of the 40s théding sector impressively grew. In the decade 19961

the population increased (+32,4%), and between X%l 1971 the total amount of flats tripled (from
319.230 to 873.802). Between 1951 and 1958 4.00&véue urbanised (+80%). In the decade 1951-1961, a
the beginning of the so-called “economic miracl283.016 flats were built, corresponding to the dty
Genoa (Avarello, 2000). Then, at the end of the 60dding activities decreased, and between 19l a
1981 new flats were less than a half than the pusvidecade (from 301.556 to 141.967). Anyway, the
direction of the expansion was always given by lanthership (precisely: by lands owned by the SGI).

4.1.2 The public, the private and the illegal city

Between 1951 and 1961 a 15% of legal buildings wieexctly promoted by the public sector, while &0
was built by more or less publicly-supported coafiges and the remaining 65% by the private sedtor.
the 60s, when the total population of the city hemt2,167,285 residents, the total amount of lbgadiings
provided by both the public sector and cooperatidesreased (4,4% and 5%), while private building
activities increased (90%). But such tumultuousaesion could not solve the housing problems, as the
housing supply was widely unbalanced towards higiret middle classes. In fact, in 1981 there was an
increasing of urban areas with illegal and inforrpaildings (8.500 ha., i.e.: 28% of the urbaniseshs),
with 800,000 inhabitants and families living in waed (29,1%) and overcrowded (21,3%) conditions
(Insolera, 1962; see also: Ferrarotti, 1974). Tégortaneous metropolis» (Clementi & Perego, 1983 t
emerged in the “Roman Campagna” was made by seftiesnthat «do not seem having any definitive goal>,
as they are the «result of unstable additions dndsaments», so that each settlement «during ahmzant be
changed; during a year it certainly will», sinchessimple possibility in achieving any balance dogishave

a sense, because there has never been a prdpeciniplemented» (see also: Berdini, 2010).

Even because of the flourishing of both innovatagproaches in sociological research (Ferrarotfr019
1974) and Pasolini’s literary works (1955; 1959)¢ts dualism between the legal and the illegal k&t
however, to the emerging of the periphery as a aetive social subject, and this, in turn, during #0s,
resulted in urban struggles for social housing, tiaally, led to a shift in both political coalith and urban
regime that ended influencing the national poliaytact, the welfare regime of the new left-wingatition,

by focusing on the periphery utilised the so-caflBdnfani’s Law” (Law no0.43/1949) for social hougin
(see: Di Biagi, 2001) in order to increase the ‘lpubity” and to compensate with a large amounpuoblic
investments for the severe rent speculation optiegious conservative urban regime, occurred ogtaity
regulative framework. The public activism in consting the city, therefore, increased, and in tBs the
public city reached the 17% of the total amounbuwift flats. But, however, it remained below averagth
respect to the other European countries (Dematte®95). Furthermore, the new welfare regime
paradoxically ended favouring the “real estate klpas the newly built neighbourhood were locatad f
from the extreme edge of the urbanised areas, &ed m-between large privately-owned lands, sd tha
landlords could exploit through the mechanism ef $lo-called saldatura edilizia (“building soldering”)
(Insolera, 1962) the public infrastructure and m&wthat provided their land with an increasedieal

During the 60s, several reform proposals were wessfully made in order to eradicate or capture the
betterment value created by the planning systeni9B?2 the Demo-Christian Minister for Public Works
Fiorentino Sullo elaborated a comprehensive bittead at requiring prior public ownership of land dref
any development could take place: no developmesttade allowed on private land and the expromrati
costs were to be based on the agricultural valuaraf. Municipalities in turn were to service theulght
land and then sell it at a value increased by tis¢éscborne to build infrastructures and utilityiliies (Sullo,
1964). But, surprisingly (or not?), the Prime Mteisand leader of the Demo-Christian Party Aldo Mor
withdrew his support to the reform (which was pregab by a member of his own party!). The latter was
subject to a violent campaign of denigration in tiagional press and portrayed as wanting to “dieales”
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from ltalians, so that the reform was definitivalyandoned in the name of the Parlato’s (1970) {odgmf
privately owned house».

During the 60s was also approved a new master Plaaplan making process took about 12 years tceecom
to approval, so that the original plan preparednduthe 50s had a completely different strategynfithie
final version: about 5 million people and roomsni@lion more than the current registered population
according to Campos Venuti, 2001) to be accomodateiiture years in the city. In this way, private
property landowners were granted development rifgitabout 3 million rooms of which around one thir
remained unused at the present time. Such ovemjawveht still represents one of the major challeriges
constructing a really smart sustainable vision.

4.2 The unsustainable metropolitan area of the city oRome in neo-liberal times

4.2.1 Overflowing outside city limits

The current urban form of the metropolitan are¢hefcity of Rome is the result of the described-grrided
pathway: despite many proposals and also officahmrehensive plans aimed at decentralising thenurba
growth according to polycentric principles, it appeas still centralised, with an extensive andatiinuous
outlying “nebula”. Expansions, in fact, have beewealoped around the core area according to theriuat
radial routes and following subsequent sprawlinictv were led by both the direction of public hawgsi
neighbourhoods and the spread of illegal subuitii@. result is a fragmented more or less proteateal r
discontinuity within the urban fringe.

If analysed according to an approach based orhtwyt of the cities’ life cycle (Berry, 1976), te#uation

in 1961 consists of the first stage of urbanisatlarfact, the settlement pattern is still censadl on Rome
(2.167.285 residents, i.e.: 78,1% of populatiorihgf Province of Rome) and the space occupied bgnurb
uses (10.262 ha.) is almost 70% of the urbanised iarthe Province (Scoppetta, 2009). In 1991, botler
population and settlements dynamics can still kierfimeted, according to an evolutive approach,has t
effect of the second phase of relative de-cenatidis. During the 80s, in fact, Rome lost its pagioh (-
2,45%) while the other municipalities grew (+15%l)so the urban land use area in Rome grew (+14.8%).
The other municipalities, instead, for the firshdi overcame Rome, where there was a significaitenasal
de-centralisation. According again to an evolutimpproach, the effects of the phase of absolute
decentralisation of the 90s clearly appeared inl28ome (2.546.804 residents, i.e.: 68.8% of tlwipcial
population) lost population more relevantly thanttve 80s (-187.104, -6.8%) with a smaller increae
urban land uses (34.122 ha, +9.7%) with respetiteégrevious decade. In the adjacent centres aidsthe
increase was +494 ha. (including 350 ha. near dhaeos with Rome).

However, if analysed as related to the exponem@kase in house prices, data gain a differenhingain
Rome, in fact, the real estate sector grew by 4ii1%001, by 2,3% in 2003 and by 4,7% in 2004 but,
nevertheless, this abundance of supply could moeét” the growing demand for low-cost housing, wihic
instead, remained unsatisfied also because of uhstantial absence of adequate housing policies (se
Caudo & Sebastianelli, 2007; Berdini , 2008). Theaziation between performances of real estateanark
and settlement dynamics of Roman metropolitan seems to suggest, therefore, a different interfioeta
Sprawl is not the outcome of a sub-urbanisatiogestand of the demand for better quality of lifet ibis the
expression of a growth trajectory rather tendin@moover-urbanisation. In short, the breaking ahpact
city do not stretch towards a settlement pattersetbaon diffusion, but — on the contrary - to a kofd
demographic-building “overflow” without discontirtigs from the more central areas to the suburlyan ri
In other words: the city of Rome “spontaneouslyide to shift the demand to low-income housing talwar
the contiguous territories, thus spreading towatidls hinterland an extensive and undifferentiated
metropolitan suburbia, as the housing demand tenke simply resolved through the further enlargemnoé
the existing urban form.

According to such trends, therefore, the housisgimgtion of Rome (especially if devoted to higheime
social groups) will allow the absorbing of an imsfgcant share of the constant (even if low) popola
growth (recorded in 2005). A main portion of thi®swd be instead absorbed by neighbouring centres,
emphasising the widespread nature of settlemerte iunctions and activities supply and the rdsglt
commuting would continue to focus on the centréanrarea and its peri-urban periphery. This melaats t
settlement processes of almost equal weight toetlwghe central area will arise and will resulttive
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disintegration of the historical little-sized swirwling centres through diffusive patterns, by “Hising” the
morphologies of the original polycentric settlemeaystem and thus establishing a substantial
homogenisation of different territories. In fadtetforms of such an “overflow” of the city of Rorappear

as substantially homogeneous and indifferent te#sing structures.

The peculiarity of such a pattern more clearly a@ppevhen comparing data on soil consumption in the
Roman metropolitan area with those of similar Eegop territorial contexts: significantly, higher was
result not only as concerns the territory of thenioipality of Rome, but also and especially theitery of
neighbouring centres having higher values tharfrings” of European capitals, which are characeatjsn
general, by planned settlements.

4.2.2 Neo-liberal planning and path-dependency

During the more recent decades, the historicalbged role of rent in shaping the urban form of ¢itg of
Rome has been re-launched by the new-left coalitiah has governed the city from 1993 to 2008 thhou

the developer-led planning practice called “plagrry doing” (see: Berdini, 2008) — i.e.: singlegedscale
projects instead of comprehensive plans — whostingtapoint consists of the establishment of sgdecia
legislation (Law n.396/90) for the Jubilee, incluglia more manageable planning procedure based on a
public-private agreement (theccordo di programmnig.

Such planning practice was presented as a way eéocome what Sullo (1964) had indicated as «the
slowness with which plans (do not) come to adopti@howness that can last ten to fifteen yearssi¢hvkis

not the result, as someone wants to believe, &ddcommitment by administrators and public offsseut

it is determined above all by harsh private negotis for the use of areas to be developed». I tace
development rights are assigned (and massive isesda the value of land are thus determined)ptivate
developers acquire wide discretion on timing of lengentation, since such rights (which are reveesibl
theory) will never be withdrawn by local adminigibas so as to avoid major opposition. This hightig
what has been identified as a distinctive featurdtadian planning practice (Chubb, 1981; 1982;eHri
1973), i.e.: dark (sometimes degenerating intadle negotiations and networks (see: Raab & Brinton
2003; O'Toole & Meier, 2005) aimed at influencinghan development towards already available areas or
areas of easy acquisition. In this sense, it isthwanderlining that, surprisingly (or not?), Italiglanning
literature (especially the academic) has not tedwst a crucial element into consideration, beingtrobthe
studies on this subject carried out by British & &tholars (see e.g.: Banfield, 1958; Giordanogpven

in the case of well-known critical scholars, sushEgloardo Salzano and Vezio De Lucia, and althaagh
their works we can find some references to pressameplanning decisions (De Lucia, 2010; Salzaf&0?,
such a phenomenon is never interpreted in terrmpewer relationships.

On the contrary, if analysed by using politicaldeim the «triumph of real estate speculation androercial
boxes» (Berdini, 2008) occurred in the most redemade — i.e.: the most intense real estate ciae the
WWII occurred from 1997 to 2006 — we can find tsacé what Peck and Tickell (2002) have called «roll
out neo-liberalism» (see also: Raco, 2005), basea more active role (rather than a reductionhef $tate

in facilitating the accumulation of capital. In faevhile the previous phases of speculation hadiwed
outside any regulative framework (the “illegal €tyand were compensated by public investments ef th
welfare state (the “public city”), the current tder resulting in an unsustainable urban form -eggtimised
by the new master plan (2003) on the backgrourtie@grosion of welfare policies at the local antiamel
level.

By referring to a non-updated idea of merely phglsiolycentrism (see: Scoppetta, 2011; 2013), th& n
master plan foresees 18 “new centralities” aimedeatentralising the main employment locations Hrat
traditionally located into the congested historic#y centre. They are planned to be located alaiway
connections, in close proximity to rail stationsttwa strategy called the «steel cure» (Marcell@ani3),
according to which, in the case of a new desigremeh public transport infrastructure must be irc@land
functioning before the new development is built.

But such new developments — often consisting ofesenjuxtaposition between residences and commercial
boxes as the only reserves of urban life — haes becated into or close to the properties of a pewerful
(always the same) developers rather than in closemity with already existing rail tracks and thegve
been carried out faster than the public infrastm&einecessary to guarantee metropolitan connections
addition, the promised public infrastructure renedinunfinished (being them never started), with a
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consequent strong car-dependent mobility, andeitam cases, further project financing schemeg llaen
been proposed as a way to find further funds foifitg infrastructures through further residential
developments. Finally, in the more recent yearg)yynsgandals concerning corruption have arisen esdpec
as regards calls for tenders related to infrastrest with an impressive illegal appropriation aobjic funds.

As the new Provincial Territorial Plan foresees aply further centralities (!!) but also road exd@ms in
order to both connect the latter with the city cerind reduce congestion thus causing a highepgrop of

the commuters to choose the car mode (Scoppeti2) 20whereas faster and better public transpogt ma
have the opposite effect (Mogridge, 1997; Naetssl, 2001) — things will obviously get worse. Not to
mention the lack of criteria for the settlement garbage disposal installations so that the emeygenc
conditions can be used for favouring always the esdgamdowner by locating such installations on his
property or, more generally, for setting aside piag rules concerning the foreseen (and impropealied)
“ecological network”.

5 CONCLUSIONS

Rent-seeking policies and dark networks clearhyhlngint not only «the path-dependent character @-ne
liberal reform projects» (Brenner & Theodore, 2Q@)t also the reasons for which Rome can diffigude
intended as a smart city whatever the privileggor@gch (smart growth, new urbanism or the ecoldygita
fact, according to Campos Venuti (2010) «land reptesents the main pathological factor of the estdte
regime and it is responsible for all its perverfeats on cities, [...] the environment and langsoa Such
effects involve speculation, overdevelopment anduced resources available for other kind of smart
investments in other sectors of the economy andhéeel to provide for more and smarter infrastractin
fact, the landowners who benefit from the increims¢éhe value of land cannot be considered among the
productive factors as such increment — which igheeithe fruit of personal investment nor the consace

of individual efforts — unavoidably ends to resuittaking away a quota of national income from the
categories which produced it. Therefore, the wayRfome to become a smart city consists of collgctire
increase of land value thus forcing developerslandowners to share with the wider community astiea
part of the unearned increment they appropriatekhto practices related with dark networks.
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1 ABSTRACT

Sustainable Energy Action Plan (SEAP) is the kegudment in which outlines how it intends to reach it
CGO, reduction target by 2020. It defines the actigitend measures set up to achieve the targetshévget
with time frames and assigned responsibilities. B\®v to orient cities toward a low carbon soci&ipger
lasting investment decisions and organisationahgéa will be necessary.

In this conttext, the overall objective of CitinEEsiropean project is to design and demonstrate t-suale
multi-energy decision-making tool to optimise theergy efficiency of cities to support the cities the
developemnt and monitoring of their SEAP. To achi#vs goal, innovative energy system modelling and
optimization algorithms were designed to allow esdss to optimize and monitor their energy strategy
through detailed simulations of local energy prditun; storage, transport, distribution and consuompt
including demand side management and coordinatinctibnalities enabled by smart grid technologies.

This paper presents the study case of the munitgipal Cesena. This municipality, as a partner loé t
project, has implemented its SEAP under the toasgess the impact of the measures taken undarakeve
scenarios and monitor its activities to validate tteveloped software. The different measure adojoted
reduce the COemissions and energy consumption together witih@ease of the energy efficiency and use
of renewables are such as increase of the greas,anerease of the use of cogeneration, renovafitine
building or the promotion the use of PV and thersmhr panels.

2 INTRODUCTION

In March 2007, the European Union (EU) endorsethtagrated approach to climate and energy poliay th
aims to combat climate change and increase the Ed#iergy security while strengthening its
competitiveness. The policy committed Europe tagfarming itself into a highly energy-efficient afav
carbon economy. To kick-start this process, thesétUa series of climate change and energy targdis t
met by 2020, namely the so-called 20-20-20 targeieast 20% reduction of greenhouse gas emissions
below 1990 levels, 20% energy consumption to coroenfrenewable resources and 20% reduction in
primary energy use compared with projected lewelbge achieved by improving energy efficiency [1].

In this context, the key challenges for SmarteSitand Communities are to significantly increaseaverall

energy efficiency of cities, to exploit better tloeal resource both in terms of energy supply ai ase
through the demand side measures. This will impéy/use of energy efficiency measures optimisinipeat
level of districts, the use of renewables, theanability of urban transport and the needed drastiuction
of greenhouse gas emissions in urban areas — vettmunomically acceptable conditions - while ensyfor

citizens better life conditions: lower energy hilswifter transport, job creation and as a consecgie
higher degree of resilience to climate impacts. (@an heat islands effects) etc.

Local governments manage or oversee all city digssziand city development, they play a central inle
determining the energy and carbon emissions piafireir cities. They also have direct accesshturt
citizens and are best placed to know their needg@imfluence their behaviour. Sustainable Enekggon
Plan (SEAP) is the key document in which outlinegfit intends to reach its CO2 reduction targe2Bg0.

It defines the activities and measures set up tege the targets, together with time frames arsigaed
responsibilities [2].

Over the past decade a variety of attempts have tn@ele at developing a holistic decision-making toat
will assist cities in developing urban energy ggats by helping them to assess how well they ameictly
performing (in terms of energy security and affdnitity and greenhouse gas emissions) and allowhegnt

to evaluate energy strategies - bundles of eneegyadd reduction measures energy efficiency andhgsupp
measures — with respect to tcheir impacts in teofgncrease in energy security, reduction in carbon
emissions and their capital and operational cdltsr cost savings and the ownership of those casts
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savings as well as the payback periods of the gaac&ach development has originated from a pdaticu
discipline and has typically been an extensiorh&ourban energy system as a whole of tools spdoifilcat
discipline [3-5].

The software tool developed within CitinES will cither the urban energy system as a whole. It will
provide its user with the possibility to assess financial risk and environmental impacts of a loroa
spectrum of measures ranging from the reductioengfrgy demand, the production and transformation of
energy, its distribution and storage as well asapgmization of the whole energy system thankshe
communication of its sub-components.

3 METHODOLOGY

CitinES methodology is driven by supply-demand be¢amethodologies used by Transmission Systems
Operators and has been adapted to a more locaxt¢6it7]. It can be divided into the following p&e

3.1 Characterization of the energy demand by usage arigtpe of consumer
The first step is to characterize the consumentypy (old/new apartment buildings, offices, hotéland by
usage (space heating, water heating, lighting...jsTfollowing data should be collected:

e Urban planning: number of buildings of a given typeean number of inhabitants by building,
specific industries description...

e Transport: description of public transport, statsbn mobility...

« Energy use measurement (at city or district lefgdpssible by type of contract and with a hourly
time step)

The details of the useful data are given in thealslde definition. Then, using CitinES energy demand
profile data base, demand curves are to be prowglatgsage and type of end-user. It is indeed inapotio
split the demand curves by usage and type of comsumorder to be able to build energy demand
projections using macroeconomic scenarios.

3.2 Choice of macroeconomic scenarios for long-term ergy demand and price evolution

In this step, energy demand scenarios (typicalty2@20, 2030 and 2050) will be constructed based on
assumptions about long-term evolution scenari@nefgy demand by usage and consumers type.

* World macroeconomic models (for instance World BgeDutlook from IEA or scenarios from
European Climate Foundation, see www.tsp-data-porgafor a detailed inventory), which also
generate correlated energy prices

e Local context evolution: urban planning, evolutioh GDP by sector, forecast of population
growth...

These scenarios give typically the annual energyg@mption for a given type of consumer and usagey, o
a period of 40 years.

3.3 Definition of studied energy strategies and charaetization of energy generation mix and
transmission networks

Once the energy demand scenarios are built, thestep is to define a set of energy strategiegudys
Following data have to be specified for each enstmtegy:

« the forecast energy mix for each usage and typeonfumer i.e. the proportion of each energy
carrier (electricity, gas, heat, wood, fuel...) usada given usage

* local energy generation and storage system: P\$,cethste-to-energy, cogeneration, geothermal
energy, heat from industry process...

e transmission and distribution networks (electris,cheat, cold)
* demand side management : building insulation, gneificiency or smart grids
* public transport policies : for instance electrieahicles introduction
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3.4 Definition of uncertainty scenarios (temperature, vind, solar radiation, outages, power market
prices...)

The evaluation of energy strategy depends on leng-tenergy price and demand scenarios, but also on
short-term uncertainties scenarios (temperatuned vgolar radiation, outages, power market prices...)

Test cases with a hourly granularity over a yedrlva built, crossing local historical data (forstance for
weather) with CitlnES data base. Typically, 10 @0 ltest cases (yearly time series with an hourly
granularity) will be used for strategy evaluation.

3.5 Scenario simulation

To assess an energy strategy, CAPEX is computeaptignizing local generation and storage capacity to
face the demand but also includes required eneeqwank CAPEX costs, while OPEX and fuel costs
evaluation is obtained by minimizing costs to mgbchduction and demand, taking into account te@inic
and operational energy system constraints. Optiinizdakes also into account existing and poteetiergy
generation from renewable energy sources. Finalbllutant emissions are evaluated including direct
emissions generated from local energy systemsratigect emissions generated from grid energy supply
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Fig. 1: CitInES software overview — Cesena study case

4 CESENA - STUDY CASE

Cesena belongs to the Emilia-Romagna region ohtinthern Italy and is situated ca. 15 km away ftbm

Adriatic coast. Together with Forli, Cesena is tagpital of the Forli-Cesena province that contaias

378.000 inhabitants and 30 Municipalities. Ceségelfihas a population of ca. 97.500 inhabitantisst(3
December 2011).

Due to its proximity to many important towns (swh Bologna, Rimini, Firenze and Ancona), Cesena has
an important role as a transport hub and is aegficlly significant logistical point in Italy (Bogna airport
and railway station, harbours of Ravenna and Ancdnaaddition, some strategic national routes fBss
Cesena.

Cesena has a long established tradition as a agfrmanufacturing, specialized in the agro-indassector.

In comparison to other manufacturing fields, théster has grown considerably over the last decade.
industrial and demographic pressures require akieavof approach to the challenge of energy efficie
and environmental impact. There are wide marginsrmprovement in terms of a sustainable approach to
energy consumption and efficiency.
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4.1 Energy networks

Electric grid: Cesena has an extensive medium gel&ectric network supplying the residential, sEnand
industrial sector with a total energy consumptidramund 490 GWh [8]. Specific information aboug th
high and medium voltage is available together whithlocation for the electric substations for highdium
and medium-low voltage. The total length of thec&le network at high and medium voltage is aro606
Km of electric lines where 14 Km are high voltagg [

Natural gas grid: To the municipality of Cesenaohgk an extensive grid for the distribution of makwas
supplying the residential, service and industreadtsr which supplies around 920 GWh of energy T8le
total length of the gas distribution network pipisgaround 750 km. Specific information about thetenial
of the pipeline, diameter, length and type togethi#gn connection points to the buildings and dizition for
each pipeline is available for the Municipality@ésena [10]

Heating and cooling grid: In the municipality of $&ma are existing six district heating networksveeing
heat to residential and service buildings. Spedifiormation about the distribution of the pipebne
connection points to the buildings and the insthibapacity is available. The total length of thetritit
heating network is 11 Km of pipelines. Base loagrizvided by the CHP plants located in the partthef
town called “lppodromo” and “Buffalini” (inauguradein 2012). An absorption machine is connectedéo t
CHP installed at Buffalini providing cooling foreahhospital “Ospedale Murizio Buffalini”. The remaig
district heating grids are micro-grids driven bysdaoilers which are connected to 19 gas boilerd wit
thermal capacity of 21.7 MWt with an annual therena¢rgy production of around 15529 MWht [11-12].

4.2 Building sector

Technical information about the characteristicsatmn and activities developed for the residentiatvice
and industrial buildings of the Municipality of Gem is.

Residential Sector (RS): The residential secton witotal surface of 2.73 km2 represents aroun&4bé of
the total built surface of the municipality. Forchaesidential building the year of constructidre tocation
and if it is use also use for additional purposest(of the building is use for commercial acted) is
available [13]. Around 11% of residential buildingee classified as High Efficiency buildings witheegy
consumption less than 50 KWh/m2/a, around the 3386 Medium Efficiency buildings with energy
consumption between 50 - 200 KWh/m2/a and arourtb 2 Low Efficiency building with energy
consumption higher than 200 KWh/m2/a [14-15]. ThenMipality of Cesena does not have specific
information related to the share of the electrigityd heat consumption by end use. However, statisti
national level were considered as assumptionsh&calculations [16].

Service Sector (SS): The service sector with d sotdace of 1.197 km2 represents around 24% ofdtad

built surface of the Municipality [13]. Each buihdj is classified according to its main activity fiour

categories: commercial, tertiary, service and 8tiari Commercial buildings include activities swshshops,
tertiary cover office building, service comprisé thle public activities such as school and towistvers
restaurants and hotels. Most of the buildings ailented to commercial activities representing atb@6%.

Service activities, related with the public aciegt such as school, accounts with around one 2¥all\;

the rest of the surface is designated for servntktaurist activities.The Municipality of Cesenaedchave
specific information related to the energy consuampby end use for the service sector. Howeveipnat
statistics are available about this issue [17].

Industrial Sector (IS): The industrial sector wattotal surface of 1.09 km2 represents around 28¢ @f the
total built surface of the Municipality [13]. Eadbuilding is classified according to its main adivi
according Eurostat classification following the AT& code which is register for each industry of the
Municipality of Cesena. The main economic actigtege oriented to wholesale, retail and repairebficies

and motorbikes or manufacture of metal product @pkanachinery and equipment) and represent around
86%. Agriculture sector and the production machjiraerd transport equipment for it which suppose adou
the 8% of the total. Construction sector represatgs relative high share with around the 2.5%. The
Municipality of Cesena accounts only with aggregatdistics about the energy consumption by fuehan
overall industrial sector [8]. However, nationabtsgtics are available about the share for the fuel
consumption for each industrial activity [18].
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4.3 Local energy production and green areas

Photovoltaic panels: The Municipality of Cesena carts with several photovoltaic installations for
electricity production. For each installation thedtion, surface, power capacity together withytsar of the
connection to the grid is available. The totatalied capacity is around 40 MWp with an averadiiehcy

of 14% [19].

Wind Turbines: The Municipality of Cesena accounith a group of wind turbines installed in the Rarc
Educativo Sperimentale delle Energia AlternativESEA). The installed power capacity is 40 kW whach
estimated energy production of 50 MWh considerig§QLhours of operation per year [20].

Hydropower plant: The Municipality of Cesena acdsuwith a small hydropower plant with a production
capacity of 0.3 MW and a nominal production of G@/h of electric energy [21].

Biogas: The Municipality of Cesena produce biogathe waste which treated in the in the compogtiagt
in Busca and the local water treatment plant witetér is use for the electricity production. Theattic
installed capacity for the plant is respectivelpQ&W and 330 kW [22].

Green areas: Municipality of Cesena accounts wafaidinformation about the location and surfacetef
green areas. Its total surface is a round 4162 ktxaevare almost the totality are forest, around®6#, and
rest are Park and Gardens

4 .4 Indicator

The Municipality of Cesena has defined severaldaidirs to monitor its energy strategy action plemis
action plan has three main pillars: reduction of2C€mnissions, increase of the use of renewable gnerg
sources and increase of the energy efficiency.ofuotly these objectives, five main key performance
indicators (KPIs) has been selected to measuriengh&ct of the:

¢ CO, Emissions (kton)

¢ Reduction of C@emissions (%)

e Primary energy consumption (ktep)

* Energy efficiency improvement (reduction of primamnergy consumption) (%)
e Share of locally produced renewable energy (%)

5 SCENARIOS

Several scenario states of the local energy sysieGesena have been study. They are used to aasgss
compare the pollutant emissions, renewable enamyugtion and energy efficiency of the city, indiwith
the 20-20-20 objectives, in the past, current ojgated situation of the territory.

5.1 2020 SEAP Scenario - Reference Scenario

This scenario is based on the current state ofnieegy sector in Cesena and the goals collectdwiSEAP
of the city. This configuration was composed o&thparts:

e “2010 real”: snapshot of the city’s situation in120 This node consists in the reference situaton f
SEAP.

e 2012 real”: snapshot of the city’s situation in120
e “2020 SEAP”: situation in 2020 if target is reactiedall SEAP actions.

5.2 2020 Projected Scenario

The monitoring process aimed at collecting dataualtoe current situation of the city regarding SEAP
actions advancement. This data was used to creptejected situation of the territory in 2020 if SE
implementation keeps a constant pace.

In this scenario, except for SEAP actions impleragon, it was considered that everything in thealoc
energy system has stayed the same as in 2010 ddr@fresents a “theoretical” current situatiorthef
territory which is in line with the covenant of ntads guideline.
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Based on this representation of the current s@oathe projection of the situation in 2020 if ttgthm of
action implementation stays the same was asse3sedreate 2020 Projected scenario, the following
projecting rules were used:

« Alinear projection is used, assuming that the detign rate of the action is linear between 2010
and 2020: If 10% of the action has been reach@®12, 50% will be reach in 2020

« If the rate exceeds 100% in 2012, the 2012 rateps for 2020; it is therefore assumed that thellev
reached in 2012 is also reached in 2020 (the a@wagiat of action does not decrease), but that the
advancement of the actions stops in 2012.

» If the projected rate exceeds 100% in 2020, thé/d fdte is kept for 2020; it is therefore assumed
that unless the SEAP is reviewed, the targetstidracare not exceeded.

5.3 2020 Alternative Scenario

Based on the analysis of actions effectivenessdegathe cost of the ton of G@mission avoided and on
the assessment of potential new actions, an atieen2020 scenario is built up. This scenario agms
reducing Cesena global costs while keeping the sadaction of CQ emissions in 2020 as the ones
targeted in the SEAP, to make this objective edsiezach.

The actions effectiveness is mainly assessed ubmgndicator of the cost of the ton of €@mission
avoided, including subsidies for the city such aesedfin tariffs. Fig. 2 shows the application ofsthi
methodology to measures adopted in the SEAP togeilie some additional more.

Abatment cost k€/t CO2

182 159

. - .

-148

-46

227 -189

-330 -330
-417
Hydropower CHP Green Applicances Renovation PV Efficiency PV Illumination | electricbus  bicycles
energy
Energy | Residential sector ‘ Industrial sector ‘ Transport

Fig. 2: Abatement cost for several measures

Based on these results shows in Fig. 2, the foligwhodifications were included in the 2020 Alteivat
scenario (compared to the current SEAP scenario):

« Reduction of the cogeneration implementation rhy{B6%6 of the SEAP target)
* Keep the importation of Green Energy at the 204211€3.6 GWh)
* Increase in the installation of solar panels (delBEAP target)
« For all other actions, the targets of the SEAP ke unchanged.
Furthermore, three new additional measures hasitleatified and included in this alternative scémar
* Replacement of diesel and gasoline buses by elextas
« Installation of public bikes that reduces the usprivate cars
* Increase in hydro power plant production

5.4 Summary of the Scenario

Table 1 summarizes the different actions takerachef the analyzed scenarios: 2020 SEAP Scer2rif)
Projected scenario and 2020 Alternative scenario.
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2020 SEAP

2020 projected

2020 alternative

Green areas

Inc. in 160 ha

Inc. in 164.75 ha

m&6Kh.75 ha

Red. of lighting & appliances com
in residential sector

PRed. of 11 GWh

Red. of 11 GWh

Red. of 11 GWh

Cogeneration

146 GWht + 102 GWhe

110 GWht + 21 GWhe

73 GWht + 61 GWhe

Renovation of the buildings

18% Residential sector

18% Residential sector

PV Panels

61 MWp installed

61 MWp installed

102 MiNgtalled

Red. of public illumination

Dec. of comp. in 50%

Dec. of comp. in 50%

Red. of electric
in the Industrial Sector

comy

“Inc. of the eff. in 6% Inc. of the eff. in 3% Inaf the eff. in 6%

Green Energy Purchase 22 Gwhe Purchase 18 Gwhe haider8.6 Gwhe

Buses replacement 50% of diesel and gasolisesbu

Public bikes Red. of 3% of private cars use

Hydro power plant Inc. in 50% of the production

Sceanrios for the energy sector of Cesena up to 2020

6 RESULTS AND DISCUSSION

6.1 Energy and environmental impacts

Table 2 shows the impact in terms of energy consiom@and CQ emissions of the measure in each of the
proposed scenarios.

2010 2020 202_0 2020 '
SEAP Projected Alternative
CO;, Emissions (kton) 435 361 398 351
Reduction of C@emissions (%) 17% 9% 19%
Primary energy consumption (ktep) 217 168 193 163
Energy efficiency improvement (%) 8% 4% 14%
Share of local renewable energy (%) 2,6% 8% 7,4% % 12

Table 2: Enegy and G@mission impact for the scenarios

In all the scenarios proposed, there is an imprevenm terms of energy performance, use of renesvahd
reduction of C@emissions. In fact the 2020 projected scenatiws|dss ambitious scenario which considers
that the rhythm of action implementation staysshme was assessed, achieves a reduction of 9%l&nd 1
in the in the C@emissions and the primary energy consumption cosap@ 2010. Especially interesting is
the increase of the share of the local renewalbdeggnwvhich grows from a 2.6% in 2010 to 7.4% in @02
mainly due to increase of the installed capaciti?\éfpanels.

The additional measures including in the 2020 SEéé¢hario produces an improvement of all the indrsat
compared with the 2020 projected scenario. Althotigh share of renewables is only slight bettewben
both scenario, an important improve in the enefffigiency produce in 2020 SEAP scenario a significa
decrease of the GQOemissions and the primary energy consumption. dhepresent 17% and 22%
respectively compared with 2010 and double of tmprovements compared with the 2020 projected
scenario.

Finally, the 2020 Alternative scenario gets thetdreimpact in terms of energy efficiency and £O
emissions. In this scenario the improvements imsein CQ emissions are slightly better than for the 2020
SEAP scenario. This is because the increase ohgtalled capacity of PV panels which compensage th
impact of other measures which could produce arease of the C£emissions such as the reduction of the
cogeneration in 50% or the reduction of the gremergy purchase to the grid. This measure not oaly h
impact in terms of C@emissions also explain the improvement in thecimtdir related to the energy
consumption and efficiency.
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6.2 Economic impacts
The analysis of economic impacts is based on ihdkeators:

* Investments are considered annualized, with anabz#iion rate of 7.25%. They were obtained
from the study of similar actions lead in Europel @jive an order of magnitude of the necessary
investments.

« Annual energy savings cost refer to the total energsts saved within the city (producers,
consumers and imports costs), including subsidies.

* The global net value represents the total savirighe city, adding annualized investments and
annual energy savings.

Table 3 shows the economic impact for the scenalmoall the scenarios the adopted measures regrase
decrease of the annuals energy savings cost whRirtity. Nevertheless, in spite of 2020 SEAP ada02
Projected scenarios have lower investment cost aoedpto the 2020 Alternative scenario, this sceniari
the only one where the global net value is profgdiom the economic point of view.

2010

2020
SEAP

2020
Projected

2020
Alternative

Investments (M€)

27

18

38

Annual energy savings cost (M€)

-20

-10

-41

Global net value (M€)

7

8

-3

Table 3: Ecomical impact for the scenarios

It is important to note that the evaluation of aatinvestment costs has been done with generalusatg
examples of already executed projects, those coais thus differ from local costs that Cesena should
benefit.

7 CONCLUSIONS

This paper presents the study case of the munityipal Cesena. This municipality, as a partner fué t
project, has implemented its SEAP under the toasgess the impact of the measures taken undarakeve
scenarios and monitor its activities to validate tteveloped software. The different measure adojoted
reduce the COemissions and energy consumption together witih@ease of the energy efficiency and use
of renewables. The methodology employed is drivgrsiipply-demand balance methodologies used by
Transmission Systems Operators and has been adagtadore local context.

Several scenarios have been presented and anatysédch different measures are adopted focus @ th
following objectives: increase the use of renewarlergy sources, the energy efficiency and redti€0g
emissions. The 2020 SEAP scenario represents thentstate of the energy sector in Cesena anddaks
collected in the SEAP of the city. Based on therantr situation of the city, the 2020 projected sc&n
reflects the projection of the situation in 202ahé rhythm of action implementation stays the savae
assessed. Finally, the 2020 Alternative scenasdauilt on focus on the analysis of actions effesiess
regarding the cost of the ton of g@mission avoided and on the assessment of pdteatiaactions.

In all the scenarios proposed there is an improwerneterms of energy performance, use of renewabtk
reduction of CQ emissions. In fact the 2020 projected scenariesléss ambitious scenario achieves a
reduction of 9% and 11% in the in the £@missions and the primary energy consumption coedpt
2010. In the 2020 SEAP scenario only a slight impment in the share of renewable is achieve cordpare
to the 2020 Projected scenario. In this scenagodicrease of the G@missions and the primary energy
consumption is 17% and 22% compared with 2010 hadlouble of the improvements compared with the
2020 projected scenario. Finally, the 2020 Altam@ascenario gets the better impact in terms ofgne
efficiency and C®@emissions which is mainly due to higher capacistalled of PV panels compared with
the rest of scenarios. Additionally, this scenavas the only one where the global net value isifaule.

The future work will be oriented to assess the ichd additional measures such as the integratforew
measures such as the increase of micro-wind twslaind the development of new scenarios.

=
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1 ABSTRACT

In this paper we apply the transition prespectivéhe field of urban development. As many sectérsup
society the field of urban development is undergomajor changes. Commom ways of working and
traditional business models fail under the presensnomic circomstances and are not able to ansnbet
challenges that climate change, peak oil and tletade of rare earth minirals present. We view new
approaches to the process of urban area developanenthe introduction of the Smart City concept as
prominent examples of potential transitional chamgeurban development and explore their possible
synergies. In order to do so, we use the key cdnogpadical innovation and find that Urban Open
Innovation Environments, such as Fab Labs, havet itnassitional potential. We conclude with some
examples of these environments in the city of Rdém and preliminary success factors.

2 SOCIETY IN TRANSITION

Society is in transition: ‘We do not live in an evfchange, but we are experiencing a change o era
(Rotmans, 2013, with reference to Verhagen, 200/ .are moving towards a sustainable society. Asthor
like Rifkin (2011) and Freedman (2009) forsee a riedustrial revolution based on advanched digital
communication and production and energy from refi@eaources. Such fundamental changes are brought
about by transitions.

2.1 Transition studies

Over the last decade a new scientific disciplinge érmerged focussing on the transition of societyn(ét al,
2010, Van der Hoeven, 2010). A growing number ditip@ans and academics are convinced that only
through drastic system innovations and transitibbecomes possible to bring about a turn to aasuesle
society. Often reference is made to the Brundtleembrt Our Common Future (World Commission on
Environment and Development, 1987) definition o$tainable development as one ‘that ties in with the
needs of the present without endangering the pafvdéuture generations to satisfy their own needs,’
inevitable for solving a number of structural pers on our planet, such as the environment, theats,
the food supply, and the social and economic criBistainable development is not an exclusive bfpe
development that addresses the needs of a seleadt tempts to express the interests of multgdtors in

a society as well as the interests of differentegations. To summarise, sustainable developmeat is
complex, long-term, multi-level, integrative, medtttor process (Frantzeskaki et al., 2012).

Transitions are processes of structural changeodiel (sub-)systems such as energy, supply, hQusi
mobility, agriculture, health care, and so on. Biiaons come about when the dominant structuresdaiety
(regimes) are put under pressure by external clsaimgsociety as well as endogenous innovation. tnde
certain conditions, seemingly stable societal gurfitions can transform relatively quickly (Loorbac
2010, with reference to Geels, 2002 and Rotmara, €2000). Transitions are conceptualised as suciet
processes of fundamental change in the structulteire and practices of a societal system (Fraktdesnd

de Haan, 2009). Table 1 shows the multilevel charaof transitions which is central to the systems
approach and that researchers have adopted intordeal with the complexity of transitions.

Transition management types Focus Problem Scope e Jqale Level of activities
Strategic Culture Abstract/societal system  Longité30 years) System

Tactical Structure| Institutional/regime Mid-term15 years) | Subsystem
Operational Practices  Concrete/project Short t€4h years) | Concrete

Table 1: Transition management types and theirdg¢taorbach, 2007).

The central assumption is that societal systenthigugh long periods of relative stability and ogsation
that are followed by relatively short periods aflical change. Transitions as processes of ‘degoadatnd
‘breakdown’ versus processes of ‘build up’ and Gmation’ (Gunderson and Holling, 2002) have been
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witnessed in history, e.g., the transition in thebility system from the horse-carriage to the autbite

(Geels, 2004). Transition management offers a gps® approach towards governing these processes

basis for operational policy models, and it is @if}y a normative model by taking sustainable depment

as long-term goal (Loorbach, 2010). Leading tramsitmanagement scholar and activist Jan Rotmans’

(2013) views on the present changes in societalreylstructure and practices are summarised la fab

Culture Structure Practices

Old New ol New old New

Individual Community Top-down Bottom-up Effectivess| Affection

Mass production Tailor-made Vertical Horizontal iEincy Trust

Derived values Created values Centralised Decésuch| Control Autonomy
Linear/carbon-based Circular/Bio based Government itized Rules Freedom of choice
Financial return Societal return Institutions Lifde Quantity Quality

Table 2: Transitional changes in culture, structure practices (based on Rotmans, 2013).

2.2 Present phase of transition: take-off

Next to the multilevel concept (Rip and Kemp, 19%&els, 2002), the multiphase concept is central to
transition management. Although transitions follawcapricious pattern, from a distance a more gtadua
pattern emerges following a S-curve, typical fomadwmation studies, distinguishing between the
predevelopment, take-off, acceleration, and stiibn phases (Rotmans, et al., 2001). At presentirvd
ourselves in the take-off phase, in which effoitsudd be targeted at facilitating a limited numbéradical
innovations that have the potential of leadingrakthroughs on a systems level (Rotmans, 2013).

indicalor of
syskem
change

stahilisation

acceleration

take-off
predevelopment

time

r

Fig. 1: The four phases of a transition (Rotmared.e2001).

2.3 Key concept: Radical innovations

Jonker (2013) explains the essence of the transitwards a sustainable society: Repairing a stralty
unsustainable system leads to a patched up unsalsiaisystem. This pattern may only be broken by
shifting from a treatment of symptoms within thestgyn to a system change. This calls for radical or
disruptive innovations, not only creating new mé#skand values chains, but in the same time abalish
eventually replace old technologies and businesdetao This approach relates back to the process of
creative destruction as described by Schumpetdi2j19

An example of a radical innovation today is 3D-firig. A 3D-printer turns every consumer into a proet.
As such local manufacturing re-emerges and preglefial manufacturing and distribution systems will
change (Brody and Pureswaran, 2013). In a simikmmar open data is a radical innovation, challentie
monopoly of governments over information, as isltval production of renewable energy.

In the take-off phase of transition the combinatafngrassroots radical innovations and changesén t
overall external landscape destabilise the systaunstart its break-down. Within the multilevel modeip
and Kemp (1998) distinguish between niches, a dantinegime, and an external landscape. In practice,

a
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innovations often seem to emerge in niches outdidiee leading regime (Kemp, Schot and Hoogma, 1998
When the right niche actors find each other andatmliwith change minded actors within the dominant
regime the configuration of a new regime may emeagd the change becomes irreversible. For the
transition to take-off in this way this group obfitrunners requires certain room to experimentiandvate
(Rotmans, 2013).

3 URBAN AREA DEVELOPMENT IN TRANSITION

One of the societal (sub-)systems that is undeggaimuctural change is urban development. In the
Netherlands, the traditional market driven way dfam development, involving large real estate dgpais
and municipalities acting actively on the land nedrkhas failed as a result of the financial andneaac
crisis. Private and public actors are exploring meays of working together and new actors, suchriasie
individuals and local collectives, have enteredrtfagketplace. As such the field of urban develognsethe
take-off phase of transition and radicale innovadi@re key to a further development of the proacdss
change.

3.1 Urban area development

Urban area development may be defined as the altetpvelopment of a (large scale) area, in all its
dimensions, over a long period, with different stadlders (public and private). There are no cligaitd in
terms of size, in terms of investment volume orergguare meters. Complexity is the common denominat
as both content and context of the developmentcangplex as a result of a certain combination of the
elements above. This distinguishes urban area aj@weint from common real estate or property
development which involves less stakeholders, té®s time and concern one objects rather tharrem a
based portfolio (Peek and Franzen, 2007).

Although there are many differences between urbeaa development and real estate development, tiee co
activities that have to be undertaken are quitél@inThese can be categorised under five mainglisary
aspects: public-private, land, financing, desigd anage. The way of dealing with these aspectsréa a
development is very different form project develgmt both in time and in the relation to the cohtex
Figure 2 shows the specific definition of eachld five aspects for urban area development.

Establishing a stable basis for collaboration by allocating
authority, responsibilities, risks, costs and revenues

The way the land is or can be assembled and zoned
determines the area development to a great extent

Accessing the future value of the development that determines
the amount of investment in land, design and construction

Deals with creating the spatial outlines for individual
buildings, infrastructural and other works

Enables to communicate about the core-values of the future area
upfront and change its reputation

Fig. 2: The five main disciplinary aspects of urlzaea development (Peek and Franzen, 2007).

Next to these aspect we identify four phases ofugman development process: initiative, feasibility,
realisation and management. These phases essestialll the same sequence that is found in reakesta
project development, and the two are interlinked. ukban development establishes the preconditions f
project development, the latter typically starts inhitiative phase in the realisation phase of mrba
development.

3.2 Past, present and future of urban area development

By defining the disciplinary aspects and phasesrbain area development we have constructed a simple
framework that helps us to clearly summarise thengks in urban area development in the Netherlasds
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we have experienced over the last decade. Beferdirtancial and economic crisis started in 200gdar
scale urban developments may be characterisedfagiie 3, involving a municipality actively purcéiag
land and developing it in partnership with largévgte property companies based on a long-term wakid
financial model and a ‘blue print’ master plan @ning certain landmarks or iconic buildings. Thege of
management after the works are complete was nbbptre area development process as profits wadem

at the moment parcels of land and constructed ing#dwere sold to new owners and public space was
transferred to the municipal department of urbanagament.

Initiative Feasibility Realisation

Marriage between municipality and well-known large
property developers until realisation phase

Buy all land upfront using compulsory purchase if
necessary

Land development: Long term land development
model involving large investments upfront: ‘bathtub’

Integral and detailed plan

Landmarks and city icons

Fig. 3: Typical characteristics of Dutch urban adeselopment before 2007 (Peek, 2011).

After 2007 the lack of available debt finance amel sudden shift from a sellers’ market to a buysratket
brought most large scale area developments to @& Adle capacity to (re)develop no longer lies with
municipalities and the large property developefgii‘'marriage’ dissolved or is in a state of diw®mas both
actors have to largely depreciate on the land siisey hold.

Management Initiative Feasibility Realisation
Public-private Municipality facilitates local and small scale
partnership initiatives

Land assembly Limited strategic land purchases with eye for
temporary uses

Financial Land and property development: Limited investment
engineering upfront and cash flow from temporary uses

Urban design Integral vision, detailed in individual plans

Branding Incubators, bottom-up

Fig. 4: Typical characteristics of Dutch urban adeselopment after 2007 (Peek, 2011).

This situation leaves room for other actors todiegctly involved in real-estate development, sasHocal
contractors, present land-owners and users andefutgers of an area. The involvement of these tgpes
actors results in a more bottom-up approach aneceedsed project size. Figure 4 characterisesrdsemt
state of Dutch urban area development. Most styildrthe emergence of appreciation for the prestaité of
the area. Where before a ‘tabula rasa’-situatiostas of the (re)development was preferred aridestrfor,
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currently actors see potential in the existing lasd and aim to build on this, limiting investmeafgront
and benefiting from temporary uses.

In our opinion this type of urban area developnuoes not suffice to answer the challenges ourscitiee.
Especially in the field of sustainability the atyilito invest on a larger scale is needed, for iesain
infrastructure supporting renewable energy solgtiamd urban transit systems. In order to do so we
advocate an area development process that alstvésvthe future management phase. With this we move
away from a development approach focused on rilateon and profit from a temporary — albeit length
commitment, towards the users' perspective focusimgontinuity and long-term value creation comtine
with a continued utilitarian valuation of the profye Figure 5 characterises our view on the futfrerban
area development process spanning five phases.

Viewing urban area development mainly as a prooésgban management instead of a sort of property
development XL offers opportunities for the cougliof juxtaposed (financial) flows in the area togé of

the real estate business case. Coupling these,fived as energy (electricity, gas, heat and celdjer,
waste, transportation of people and goods andnrdton, increases the financial base for developraén
the area and offers opportunities for more sustéénsolutions for the future.

Management Initiative Feasibility Realisation Management

Public-private = Municipality facilitates/takes part in area based utilities and new
partnership business models with actors new to area development
_— 1

Land assembly Temporary uses and making use of public real estate portfolio

e — 1
Financial Land and property investment: integrating finance of real estate and
engineering utilities, e.g. electricity, gas, heat, water, waste, transportation

Urban design | Integral vision, with attention for flexibility and robust urban
infrastructures (below ground)

Branding Sustainability (urban infrastructures), long term quality, autarkic

Fig. 5: Characteristics of a future urban area b@reent process (Peek, 2011).

3.3 Key concept: Supply chain integration

We agree with Rotmans (2013) and consider the pré&etch practice of urban area development tonbe i
the take-off phase of a transition process. Chamyeke external landscape of area developmentdike
decrease in population in certain regions of thenty, changing work patterns (flexible hours amatking
from home) and space for water resilience, havalteabin a deadlock of the pre-crisis developmeatieh.
The crisis itself was merely a trigger to revea thults of the system. In the meantime on a Iezedl many
bottom-up experiments are on their way. Peoplé ptaducing their own renewable energy, individyalt

in collectives. Others seize this opportunity tosige and build their own home. Some experiment
developing floating homes for living on water orkmaise of vacant plots of land for urban farming.

Analysing these niches for the perspective of asiom on the future of urban area development we that

all in some way or another deal with supply chaitegration (Peek and Van Remmen, 2012). Some
initiatives lead to vertical integration, as enesstake the lead in the development process ohasigis

on the transformational powers of the current owramd users. Others mainly focus on an area based
approach to utilities such as energy and waterbgnithat resulting in a horizontal integration oélrestate

with these adjacent sectors.

4 SMART CITY CONCEPT

Technology is a main driver of innovation. In theld of urban development we find an entire movetmen
based on new technologies under the umbrella oSmart City’. The Smart City approach has gainddta
of momentum out of the belief that the availabilitfyintellectual capital (or knowledge) and sodapital
are urban production-factors that determine thepmgitiveness of cities (Caragliu et al., 2009). 8n@ity
refers to sustainable urban development (smartr@mvient); to the incorporation of information and
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communication technologies in the management ofices (smart economy); to the generation of
participatory spaces in terms of collaboration smmbvation (smart governance). Table 3 gives amiswe

of the core-aspects of the Smart City approactsuth the concept may serve many different intestiant
touching upon interrelations and contributions t@rarching goals, and remains particularly polysasno
and vague. This is probably why it has turned mmtbighly used term when proposing or justifyingairb
reforms (Tironi, 2013). Smart City is also a susfglsterm for marketing new urban technologies usgd
multinationals like IBM, Cisco, Siemens, Generadgtic and Philips.

Why? What? How? (technology) How? (organisation)
Sustainability | Resources  Utilising Infrastructure€ommunicating| Public Providing conditions
Resilience Economy| Adding value Buildings Producing Private Investing

Quality of life | Politics Connecting Places Meeting Individuals | Participating

Table 3: Core-aspects of the Smart City approach.

We value the innovative power of the Smart Cityt uestion its transition force as the conceptrisaaly
captured by the dominant regime with showcases Sitegdo International Business District and Masdar
City.

4.1 Benchmarking ‘smartness’

As no city wants to be a ‘dumb’ city, the SmartyGQibncept is quickly adapted for benchmarking sitién
example is the Smart City-model ranking Europeadiom-sized cities (Centre of Regional Science, 2007
that defines a Smart City as a city that is welfgrening in a forward-looking way in economy, matyi)
environment, citizenship, quality of life and gowance, built on the ‘smart’ combination of endowisen
and activities of self-decisive, independent andrawcitizens. These aspect also feature the Snigyt C
Wheel (figure 6) that was introduced by urban atichate strategist Boyd Cohen and that he uses to
benchmark the world’s major cities (Cohen, 2012a).

- %
R .
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% \ag
6?;6‘_ -"o%’ 3 E
-
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Prioritized cleon & E %’\ ig‘ i Green energy
=
° o °

non-motorized
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“indicators

a0B-2 g 1Dl

Fig. 6: Smart City Wheel (Cohen, 2012b).

4.2 Key concept: empowering ICT

Although citizens' participation is emphasised #ma benchmarks even hint at possible change is e
government and citizens, the Smart City conceptaimes) both as benchmark and as marketing tool \high
top-down oriented aimed at better managing andraeling city systems by collating ever-detailed
information about real time functioning, and beatge to optimise decision making in the immediatert
and long term. Cosgrave et al. (2013) state that Smart City should not necessarily be interprasetbp-
down vision delivered solely through governmenteisivnent. Quite the opposite, the Smart City isdlgrg
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an organic system of systems (Harrison and Abbotiri2lly, 2011), which comprises an ecosystem of
products, services, companies, people and sodiatyare working together creatively to foster irgtbon
within the city’.

From a transition perspective the key concept @f3mart City should be application of ICT thatiimed at
empowering citizens, rather than focussed on inipgpeontrol of city systems. ‘Citizens are not only
engaged and informed in the relationship betweein #ctivities, their neighbourhoods, and the widdyan
ecosystems, but are actively encouraged to seeitthéself as something they can collectively tusach
that it is efficient, interactive, engaging, adaptand flexible’ as Arup (2011) describes in tHamart City
vision.

5 URBAN OPEN INNOVATION ENVIRONMENTS

The combinations of our key-concepts of transitiarinan area development and Smart City — respégtive
radical innovations, supply chain integration angpewering ICT — leads us to believe there is a type of
urban use emerging, next to the traditional mixesidential, offices, retail and leisure, that lidseachannel
the transitional opportunities as described: theadrOpen Innovation Environment. Existing and tkste
concepts of the Living Lab and the Fab Lab are gfttiis new typology.

5.1 Open innovation

Radical innovations, supply chain integration angpewering ICT all highly depend on the openness of
their respective processes. In contrast to claseodviation, the open innovation paradigm was intceduby
Henry Chesbrough (2003) and implies companies opgettieir innovation processes for the inflow and
outflow of knowledge and information. Chesbroughabt(2006) defines open innovation as ‘the use of
purposive inflows and outflows of knowledge to decate internal innovation, and expand the marfats
external use of innovation, respectively’.

Open innovation is at the core of Finnish soci€ipland has created a bottom-up, dialogical, coltabve

and human-centric strategy that is central to égetbpment as a nation (Finland’s Country Branadtg8gy,
2010). This fresh picture of a people-driven sgcistbased on the idea that the society best desdiased

on its dynamic individuals and their networks. ®irtbe Finnish EU Presidency in 2006 (The Helsinki
Manifesto, 26 November 2006), the EU presidencaspromoted open, ecosystem-based human-centric
research, development and innovation in real-ldatexts such as liv-ing laboratories (Living Lalbisqt
engage people (European Commission, 2013).

5.2 Living labs

Centred on co-creation, exploration, experimentatiod evaluation Living Labs bring together pulalia
private actors, such as companies and associaaonsindividuals to test new services or produtisy
provide a user-centric approach to develop andofypé complex solutions to emerging socio-technical
challenges to promote open innovation and involsersiearly in the desig.. This all happens in alifea
context. Their success relies heavily on user eat@n.

However, little attention has been paid so fah®duestion if and how the participating users @owit only

be the Guinea pigs (worst case) or co-creatord @lzs®) in a Living Lab setting, but actually beeooo-
owners of the solutions proposed and developedilRdsom true co-creation, one might argue, shadt
disappear behind corporate walls. As it is the agitle open innovation, the game logic of Living lsals

still to benefit corporations that are focusing s®lling services and technology to governments athdr
public entities. The accreditation of Living Lakdsdugh a single non-profit association — the Euanpe
Network of Living Labs (ENoLL) headquartered in Bsgls — as the legal representative entity of the
network, does not exactly paint a more networkreeé picture of the Living Lab approach.

5.3 Fab labs

Radical innovation, in the authors’ view, is ratherbe expected from communities and ‘institutiotisdt
adhere to principles of open source, open contedtapen access. Such communities would need to be
inclusive in terms of of societal and systemic ietion to thrive and become sustainable. In theldvof
software and information, some open source projeaiee demonstrated such characteristics. While the
modern DIY — or Maker — movement is often seen lasdonistic pass-time activity, its manifestatierfsab
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Labs, Makerspaces and Techshops — are attractimgrgy interest in many industries. Fab Labs arobal
network of local labs, enabling invention by prawigl public access to digital fabrication. They €han
inventory of core capabilities and can be considiereommunity resource. Makerspaces are similsenof
equipped with the same machines, but lacking tbeajinetwork. Techshop is an a US based provider of
state-of-the-art public manufacturing workshops.

Globally, big players have started to fund Fab Labsa substantial scale. Schlumberger is suppottiag
development of Fab Labs in Russia, Aramco sponstiredirst Fab Lab in Dhahran (Saudi Arabia), and
Chevron promised support fort setting up Fab Laldld$ communities where it is active. Ford in the du8
BMW in Germany are partnering with Techshop to mevtheir employees with access to digital
manufacturing technology for tinkering outside wingkhours.

More interesting, however, are small-scale but tégih developments, certainly from a perspective of
emerging socio-technical production paradigms.ifstance, Barcelona is pronouncing itself as ‘Fily’'C
and aims to develop neighbourhood Fab Labs in esigyydistrict. The Dutch order of Inventors wakey
partner for setting up the Fab Lab in Utrecht. Imeksfoort, the Netherlands, an artists’ collectise
effectively transforming a former dye factory indotestbed for the transition town movement, cedtere
around a Fab Lab. The Swiss clean tech acceleBdt@r Lion in Zurich is setting up a Fab Lab for its
companies.

In the following chapter we shall provide a sewésase studies of urban open innovation environsngn
Rotterdam, the Netherlands, that defy the top-dapproach of centrally planned ‘creative hotspoisiey
represent not the archetypal grass-roots, bottoncapnter-culture projects, but stand for a newetyb
initiatives that appear to operate on a laterdlenrathan a hierarchical dimension, very much agiRifkin's
projection of a shift away from hierarchical povead toward lateral power (Rifkin, 2011).

6 URBAN OPEN INNOVATION ENVIRONMENTS IN ROTTERDAM

In Rotterdam, there are many players who are dgtiverking on combining real estate development and
urban planning with the emergent phenomenon olMtker movement. The incubator Dnamo in Rotterdam
decided to refocus its activities as ‘RDM Maker &daUrban developer Stipo Rotterdam together whith
city council and possibly Techshop are working amwerting the Zomerhofkwartier to the making
neighbourhood (‘maakkwartier’) of Rotterdam. Othetiatives include the Platform Digital Manufacig,

de Bende with its plans to make crafts-based masougssible, the 3D Print Academy, ‘De Makers van
Rotterdam’, an initiative of social enterprises teead around Making, and the ‘Made in 4Havens’, an
emerging design and production hotspot.

6.1 RDM Maker Space

RDM Maker Space is based in the former shipyardthef Rotterdamsche Droogdok Maatschappij
(Rotterdam Dry-dock Company, RDM) that has beenveded to an innovation hub where higher
education, research institutions, start-ups andpeomes are located. The place provides opportsnitie
sharing knowledge, exchanging best practices, cemées and networking. RDM Maker Space offers acces
to high-tech manufacturing equipment as well aggbyping and manufacturing services. RDM Maker
Space aims to spur innovation and entrepreneurship to create a place where smart, creative and
experienced people with different skills come tbgetand eventually form a large community of makers

6.2 Zomerhofkwartier

Zomerhofkwartier in Rotterdam, an area in walkimgtahce of the central train station, is almos#xdttook
example of the aforementioned new style of urbareld@ment. The owner of the area has decided on a
time-out of ten years to study the potential of #mea and its bottom-up initiatives after traditibn
approaches to development turned out to be ditfizndl little promising. The time-out approach akotle
developer to involve everybody in shaping the nleagithood. The transitional character of the artacs

the creative industry; and the developer has pnoced the neighbourhood as the ‘maakkwartier’ (ngkin
quarter) with an emphasis on the creative and niohaufacturing industry and with a view to possibly
attract Techshop to set up a large making fadiigre. Yet they remain open for others who embthes
philosophy, and remain open to the precise re$usitich developments (Van den Berk, 2013).
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6.3 Made in 4Havens

Made in 4Havens is an emerging initiative in a ferrout now derelict dockland area in Rotterdam rgada
by the city council and the harbour board. The &@=abeen designated to house innovative busindbe i
fields of clean tech, medical and food. Howeveg #rea is also home to quite a few leading Dutch
designers. Made in 4Havens currently serves aatéoph to make local design visible and to conrieti
local craft and manufacturing. One vision of Made4Havens is to integrate the local workforce to
complement design with local production (Sant-Bdregt and van Dael, 2013).

7 CONCLUSION

Relocating production and research functions tocdrgres of neighbourhoods adds to liveability smthe
local economy. Instead of focusing on offices, iteta residential areas as the core of urban area
development, it call for exploring the possibiltief centring such a developments on a lab likeGguh.
This requires a rethinking of the spaces of prddactincluding the relationships between people tmuds

and people and the existing authorities. The opare of a lab-centric approach ensures that govemh
control is limited and provides conditions for realiinnovations in the realm of urban development.

Eventually, the emerging lab-centric initiativesgimi well be developing into new institutions ofaalically
different type of economy, an economy that fundamilncontrasts the conventional top-down orgamirat
of society that characterized much of the econostcial, and political life of the fossil-fuel basmdustrial
era. Its new paradigms are ‘distributed’ and ‘dotleative’, paradigms that appeal to a new generatio
people who grew up with the Internet and who hawedl their live been engaged in distributed and
collaborative social spaces in parallel to theitraagl, hierarchical environments of family, schaad job.

As such we find the new type of use of the Urbaem®©mnovation Environment a potential strong change
agent for radical innovation in the field of urbamea development as they combine supply chainritieg

and empowering ICT. The success of these new emmeats large depends on their open character, not
being part of the dominant regime of large compam@ed (governmental) institutions, but also nongei
trapped by a counter culture driven niche of g@ssrbottom-up actors that are not willing and alole
leverage on their efforts. True openness in thipaet refers to the ability to not only involve mécplayers,

but make cross-overs to change minded actors withn dominant regime so that though lateral
development (Rifkin, 2011) new regimes may emergkthe change becomes irreversible. Fab Labs appear
to be more successful in this respect than Liviagd, which mainly benefit the private companie®ined

and not society at large.

Governments have an important role to play hereUfban Open Innovation Environments to be trulgmop
certain room to experiment and to innovate is negli Yet, only focussing on the operational level o
concrete projects is not enough. For a new regomenterge efforts on the tactical level have to laglen
involving the support of emerging new, lateral tindions’ that are able to generate business fradical
innovations. These environments should enable gp&stof entrepreneurship, such as micro-multinatgn
and even social enterprises operating beyond iwadit business models. In this way, Urban Open
Innovation Environments are able to become a cohbace in the field of urban area development imgk
cities in transition more sustainable and resiliand adding to the quality of life.
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Competition between Cities and Regions in Europe €an Smart Spatial Planning Interact with
Gravitational Site Location Models for External Investment?

Jan Zaman

(Jan Zaman, spatial planner, Flemish regional Gowent, Spatial Development department, K. Albetaéin 19, 1210 Bruxelles,
jan.zaman@rwo.vlaanderen.be)

1 ABSTRACT

However smart a city or a region might be, a widage of companies (eg in retail and services) use a
gravitational model for site location for new intreents. If the primary choice model is a gravitasl one,
being smart will only matter for site location witha region. From a spatial planning point of vjahe
right question iscan we influence gravitational site location cheiwhile applying intelligent and consistent
long term planning?’

First we implement a multi-scalar gravitational lges of the EU-28 area, allowing to define a gratbnal
central area. We use the population density daf@seabitants per hectare calculated from Corinad.a
Cover 2006) provided by the European Environmefggncy and Joint Research Center. Spatial sttisti
allow us to define areas that have significantlyrenmhabitants and are thus ‘gravitational centerBYy
applying different influence ranges, we get fouffedent perceptions of centrality. With an inflwen
distance of 100km we see tkaropean core areayhile on the opposite end a 10km distance givea us
wide range otentral places for services of proximitifhis provides every city or region with insightthe
way the gravitational choice model influences inremnt in regions. For spatial planning, it is adino
impossible to influence this with traditional plamg instruments. Competition between regions dates
on the European level is mostly defined by natigted) policy and cultural differences.

In a second part, we take a closer look at theoregilevel. For an equal area around (1) Brusgg)s,
Milano-Venezia, and (3) Wien-Bratislava we applg tsame spatial statistics calculations with differe
influence zones. The analysis on a regional Iskieivs clear differences in regional developmentianbe
position of cities within the region. For the Fismregion we confront the pattern of central areils the
statistical analysis of the actual location of &rm

2 INTRODUCTION

In my professional planning experience | worked deweral years as a regional planner on the Brussel
Metropolitan area, more specific on the Flemishittay surrounding the Brussels Capital Region.efif
there are huge demographic challenges, unemployar@htnvironmental pressure, the only spatial ssue
that were (and still are) high on the political ag@ and much discussed in national media, are atgd
developments and car oriented infrastructure. Heweduring informal discussions with a shoppindima
developper, it became clear that car accessilufity comes second to the number of potential diefithe
initial location choice thus appears to be a laagsa, based on a gravitational model. Within ghiesen
area, other location characteristics are studiednignaccessibility, land availability, location obmpetitors
and real estate price.

Remarkably, in the Flemish planning practice, werndd have a way to define high potential areas if
gravitational firm location models are used. lagtice this means that comparison of potentiak g in
strategic environmental assessments), does nottheekpectations of the company looking for a e,
namely to have the same (number of) potential custs.

In this paper a generic approach to this gravitationodel is used, starting from a EU-28 datasgtis
approach is used EU-wide and on 3 specific regias8)g the same type of calculations with different
parameters. For the EU-wide maps, a short refledackles the question if this type of maps carused
beyond the analytical value and be incorporatetkintorial policies. The regional approach iscdissed
from a graphical overlay of the results and compgleted with planning practice experience in the Beis
periphery: What do the maps show? Is it the samdifferent levels? How do some maps correspond to
other site location parameters eg accessibilityland price? What is the relationship between taeipved
patterns and the policy goal of polycentric deveilept?
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3 DATA AND CALCULATION

3.1 Population density disaggregated with Corine land@ver 2000

The raster data on population density using Cokised Cover 2000 inventory, as produced by EEA and
JRC was used as a starting point. Even if thiasgdtis based on statistics and land cover datastia
years old, it still remains the most reliable seuat cross border high resolution population dak4ost
interesting is the fact that it is closely linked dffective land use on a 1 hectare resolutioralsiv allows
reliable comparisons across the EU28 on the smisittibution of population.

The grid main characteristics are:

» Geographic coverage: EU27 + Croatia. Some islandsozerseas territories missing. Resolution:
100m (1 ha pixels)

« Values correspond to density in inhabitants/km2oltain the estimated population in a polygon,
divide the sum of pixel values by 100.

* Projection: Lambert-Azimuthal equal area (INSPIREammended)

« ownloadable from http://dataservice.eea.europaatagdrvice/ or by request from
Javier.gallego@)jrc.ec.europa.eu
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Fig. 1: Population density in EU28. EEA & JRC 200&hvindication of 3 case areas.

3.2 Hot Spot Analysis: Getis-Ord Gi*

The Getis-Ord Gi* method is used for local statssti To do so the EEA raster dataset is first caadento

a point feature dataset. Each 100mx100m pixalnsed into a point with the same value. The coteple
EEA dataset is too large to work with, we eithegragate the data in 5km x 5km squares, or we wattk av
smaller case area.
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3.2.1 Calculation

The Hot Spot Analysis tool calculates the Getis-Ortistatistic for each feature in a dataset. Tésultant Z
score tells you where features with either highoer values cluster spatially. This tool works byking at

each feature within the context of neighboring dieed. A feature with a high value is interestingt may

not be a statistically significant hot spot. Toaetatistically significant hot spot, a featurelwihve a high
value and be surrounded by other features with kahes as well. The local sum for a feature aad
neighbors is compared proportionally to the sunalbfeatures; when the local sum is much differidain

the expected local sum, and that difference islaoge to be the result of random chance, a stigti

significant Z score results.

The Getis-Ord local statistic is given as:

n — T
Y wr; — X E w;

L

= =1 J
Gi - z (1)
ks n
ny 'u.'fj—(z 'u.-é_j)
S q=1 j=1
’ n—1

where a; is the attribute value for feature 7, wy j is the spatial weight between feature 7 and j, n is

equal to the total number of features and:

X = % (2)
f} x? ,

-l 7=1 v\ - 2

-5 —_ JT - (X) (\J}

The & statistic is a z-score so no further calculations are required.

Fig. 2: Calculations of de Getis-Ord Gi* statistittp://resources.esri.com/help.
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Fig. 3: aggregated population density in EU28. Maxin value appearing in each 5x5km cell.

3.2.2 Interpretation

The Gi* statistic returned for each feature in tfaaset is a Z score. For statistically significpositive Z
scores, the larger the Z score is, the more intémselustering of high values (hot spot). Foristaally
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significant negative Z scores, the smaller the &esds, the more intense the clustering of low &al(cold
spot).

4 ANALYSIS

4.1 EU28

For the complete EEA dataset, values are firsteggged in 5km squares to enable desktop calcutatiom
this aggregation, we chose not to work with the mesdue of all cells, but with the maximum valuég(B).

This is done to avoid the ‘flattening’ of the daf@he results for the hotspot analysis are mucaretewhen
using the maxima.

EU28 population hotspot analysis - threshold distance: 50km

3 A : LK - R S
vt =g Ve ¥ %7
EU28 population hotspot analysis - threshold distance: 20km . EU28 population hotspot analysis - threshold distance: 10km &1

Fig. 4: Hot spot analysis on aggregated populatemsity in EU28. Fixed distance method, 100km, 50&@km, 10km influence
zone.

The Getis-Ord Gi* statistic is run four times, easfth a different fixed distance (Fig 4.). Whereth
influence zone is 100km or 50km we get a generalgeam which corresponds with how companies might
look at Europe from another continent. A largal{reore area is visible, with large periferal zofiesblue)

in northern, eastern and southern Europe.

If we further reduce the influence distance, weagatore detailed image on population density. hatdame
time, the significantly low density areas (darkdjldisappear from the map. This means that foEth28-
level, there are no areas with significantly lowulés for this local statistic. The mean valusasow, that
all ‘low’ values are within 1,65 standard deviation

Another interpretation is that the 100km and 50kmh $pot analyses give a view on remoteness of some
areas in Europe. The dark blue points have netaniges within the fixed distance.

Besides stating the obvious differences in EU-28, we use these in regional planning? In my opintioe
harmonized raster data is useful to do benchmartties and cross-border comparisons between regions.
But the link to real spatial patterns gets lostdggregating the data to a 5x5km pixel. The faat the
dataset is already outdated and no evolution ie tisnprovided, limits the usuability. The samelgsia
would probably give better results when using data LAU2-level, with the possibility of mapping
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evolutions in time. However, obtaining homogenizampulation data on all EU28 states might prove
difficult, as described in ESPON 'Territorial Perfmnce Monitoring'.

4.2 3 Cases

For three cases (Flanders, Wien-Bratislava-Budapiktno-Venezia) we selected a sample area. s
are the same size and have following charactesigsiee table 1). On every territory we performsame 3
hotspot analyses, again with fixed distances, lout i, 2 and 5 kilometer. Larger or smaller diseando
not produce a usefull map. Where Flanders andndilzave comparable statistical values, Wien isriglea

different, mainly because of lower total populatard lower maximum value.

Wien-Bratislava-Budapest Milano-Venezia Flanders
Number of points 3.700.000 3.529.352 3.215.645
Minimum value 0 0 0
Maximum value 38.000 58.792 48.036
Sum 790.000.000 1.321.720.072 1.501.758.548
Mean 210 374 467
Median 21 36 45
Standard Deviation 1100 1356 1247
Estimated total population 7,9 million 13,2 million 15,0 million

Table 1: Key statistical data of three case areas.

4.2.1 Hotspot analyses

Tkm

2km

| skm

Wien -Bratislava - Budapest Milano - Venezia Flanders: Lille - Bruxelles - Aachen

GiZscore
<-2.58 Std. Dev.
258--1.96 Std. Dev.
-1.96 --1.85 Std. Dev.
-1.65-1.65 Std. Dev.
1.65-1.96 Std. Dev.
196258 Std.Dev.
>2.58 Sta. Dev.

Legend HotSpot Analysis TS Legend Population density

Fig. 5: Hot spot analysis on population densitthiree cases (Wien-Bratislava-Budapest, Milano-Vené&#anders). Fixed distance
method, 5km, 2km, 1km influence
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Almost all point get values that are either sigmfitly high or low. For each territory we get altisgalar
approach on the existing population density, whiah be useful when assessing if a hierarchy ociti
might be a realistic planning policy. However, diyperimposing all three analysis, we get them twgen
one map.

4.2.2 3 patterns

This combined map shows us how different graviteticite location models might interact and whiokea
will be developed. Personal experience in the &¥ssarea shows that the black rings coincide thi¢h
zones where regional retail investments might mcaGrey delineations are situated around citidb &i
local service area (eg hospitals, schools, supé&ethar) where the light grey lines are more coegtuvith
changes in real estate prices. In the southernnidliexample, (Fig.6) we perceive three types ofepadt,
which are also visible in the Flanders en Wien-Blata maps. The first (1) is a Chistaller-liketpen of
cental places, where the more important cities f8&eencentric rings. For regional investment, énea
immediately surrounding the city is equally intéies as the more central areas. If the area sndiog the
city has fair accessibility and low land pricesstis where development will take place and urljzrasl or
ribbon development might be the spatial result.

1

Fig. 6: Overlay of three analysis in one map ofteetn Milano: (1) Christaller like patterns, (2Ywih city' north of Piacenza, (3)
‘edge city' development

In the second example, two small cities north ecBnza are so close that the area of regionaésttéslack
ring) is not one of the cities, but the area betwisem. This situation is even more difficult @anldle. The
third example shows an 'edge city' condition saitBergamo, where all three types of edges (blgoky,
light grey) are intertwined.

5 CONCLUSION: ROLE OF PLANNING?

Given the diversity of spatial patters, even iteatsmall regions, how can spatial planning inteiraa such

a way that it produces the type of places thatdasred in policies, instead of creating the sapravel
everywhere? In the ESPON 'TRACC' project (Transpecessibility at Regional/Local Scale and Patiern
in Europe), Spiekermann and Wegener show the oektip between economies of scale, transport costs
and spatial development. 'The economic geograpphaims regional economic development as the redult
the interplay between agglomeration forces (ecoesrof scale) and spatial interaction costs agiidted by

the vertical and horizontal dimensions of the daagrin Figure 7. The theory suggests that the piegai
historical trend of increasing economies of scald decreasing transport costs has led from isolated
dispersed settlements to an ever more polarisetlabmructure with a small number of dominant
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agglomerations (the white arrows in the diagrarh)a Imore balanced polycentric spatial structurex is
political objective, either the trend towards iresig economies of scale or the trend towards levesr
transport costs needs to be stopped or even revdtse solid arrows in the diagram)'. (ESPON &
Spiekermann & Wegener, Urban and Regional Res¢&&W), 2011, p 53)

Transport cost

high > low

Dispersed Polycentric
spatial spatial

Economies of scale

low

structure

Polycentric
spatial
structure

high

structure

Polarised
spatial
structure

|:> Trend q Policy?

Fig. 7: Economies of scale and transport costoasd in ESPON & Spiekermann & Wegener, Urban anddRefjResearch
(S&W), 2011, p 53.

On the regional level, the overlay analysis sholat tf a polycentric pattern is a political ambitjathe
territorial strategies and governance will haveddifferent for all three example areas (Fig én)Flanders
the new spatial policy plan aims to enhance thetiexj polycentric structure and to govern the teryi is
such a way that municipalities, provinces and negjiwork together instead of competing.

Fig. 8: Overlay of three analysis in one map oft@@rBelgium and Flanders

Understanding how the gravitational model worksg avhich areas it will promote, is just a first step
towards a new type of regional planning where acifipeframework provides an adequate policy for
different situations. More specific, the overalige-of-city condition in Flanders and central Befgiwill
require innovative instruments and a long termtjoali framework to result in a real-life polycewtrirban
region.
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1 ABSTRACT

Paper’s objective is to present the concept of fsiity” as an approach to urban development andhis
ground, to analyze urban practice in Polish citj.adz.

First part of the paper, therefore, will be dedicato definitional aspects of the “smart city” apgeh, with
focus on determinants and factors included in doiscept of multidisciplinary growth. Some aspedts o
measurement of the concept will also be includeaVilky the conceptual base settled, concept of ‘smar
city” will be confronted with urban practice of LndThe city was chosen based on its recent develnpm
inclusion of multidisciplinary aspects in its grédwstrategy and good results of implementation offiee
urban development programs. Analysis conductetiénptactical part of the paper will use both gaéiie
and quantitative methods and both secondary antapyisources of data and information. Official t&ggc
and program documents of the city will be reseatcaied analyzed, as well as confronted with in-depth
interview with policy-makers. Statistical data (eetal, national and community) will be used for
gquantitative methods.

Research will allow for conclusions regarding inmpéntation of “smart city” concept in general, blsoafor
verification of question whether this particulapamach to urban development is suitable for coestand
areas in different stages of economic developnangnalysis will concentrate on a Polish city.his tight
— the European Union'’s single solutions for all MemStates approach will be evaluated.

2 INTRODUCTION — GROUNDS FOR THE SMART CITY CONCEPT

Role of cities in modern economy is well descrilaedl has become obvious — not only are urban areas
places of living for more than a half of populatiout also (in case of European Union) generat&@# of
GDP. The UN estimates (United Nations 2012) thagnization will get intensified and urban aread wil
increase their economic impact, as well as willdmee increasingly important for culture and social
relations. At the beginning of urban studies anzhemic research of urban areas, cities were mesty as

a ‘by-product’ of industrialization; currently hower, are rather treated as a catalyst of econohaoge —
with intensive correlation of urbanization and emmic growth as well as increasing importance ohhig
value added industries, mostly localized in citiRelation of urbanization and wealth (measured By @er
head) is illustrated by model elaborated by the l/Bank, presented in fig. 1. The model explaingp8b
cent of variation of urbanization; however, asgession model, it does not explains causality.

100

I I I 1
0 10,000 20,000 30,000 40,000
GDP per capita

Fig. 1: Urbanization (percentage of urban popufgtemd wealth (GDP per head) in chosen countrig30 Zin 1996 USD). Source:
The World Bank (2006), p. 3.

Increasing economic importance of cities is refidcin urban studies which focus transfers fromaoci
science (social relations in urban areas, segmyatiocial inclusion) increasingly towards econa@mic
(management, entrepreneurship, competitivenessgomtext of economic research, cities are treatad n
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only as a location for entrepreneurial activity,thwinstitutional environment analysis, but also as
economic entity itself, capable of competing wither entities.

Urban development research point to two pillarsudfan growth, i.e. entrepreneurial environment and
quality of life. Those two elements (representeddmypanies and people) are significant and necefzaa
competitive city to develop (Szczech-PietkiewicZA 20D Well elaborated in literature and implemenited
urban practice concept of urban competitivenes® gaeunds for the introduction of the idea of “smar
city”. Goal of the following paper is to presentstitoncept by its definition, comparison with othueban
development notions, as well as elaboration of athstic index providing tool for assessment of
“smartness” of a city. In this respect, concepsrofrt city is an extension of urban competitivemesgearch,

by identification and introduction of new dimensiorio urban growth analysis, followed by its
quantification.

Smart city concept, in its current understandingmisines and gives ground for synergies between
competitiveness and sustainable development innugaas. Urban growth, as observed in last couple
decades, came with negative externalities suclmexguality and competition among cities, therefdrere
seems to be a need for policies that emphasizendslaocial inclusion and competitiveness at thmesa
time. Goals of sustainable development and connpetiéss, however contradictory at first glimpse) ba
successfully combined in concept of smart city.

According to the European Commission: ,Europeaiexidf tomorrow are places of advanced social and
environmental progress, while maintaining economitractiveness and economic growth achieved by
integrated approach including all aspects of snatdé development” (European Commission 2011). This
definition of future urban development takes intmsideration all elements of smart city conceptilevat

the same time emphasizing that this is the modgtaith that EU will be supporting and promoting.

Implementation of the smart city concept at the mamity level has been started by Commission’sdtiite
~Smart Cities and Communities — European Innovafamtnership” (C(2010) 4701 fin). The goal of this
initiative is promotion of sustainable urban deypeh@nt while concentrating on issues of transpaoobifity,
energy and information and communication techne®dilCT). The project will be supported by the
cohesion policy and financed with European fundssfhy with Horizon 2020 means). First step in the
initiative’s implementation is establishment of S®@tform (Smart Cities and Communities Stakeholder
Platform), as a tool for best practice and infoioratexchange among engaged cities and communities.
Further, the European Commission recommends dé#itectton for the purposes of progress monitoring in
the area of smart city in the European Union.

3 DEFINITION OF SMART CITY AS AN APPROACH TO URBAN DE VELOPMENT

Current discussion over multi-dimensional urbanwghoand development quite often uses notions like:
intelligent cities, knowledge-based cities, smaties, learning cities. Large number of these naiand
their understanding calls for a common definitidnttee concept of smart city which is a subject luft
paper. First and the most important, differentratiall be made between smart city and intelligatyt.c

Intelligent city is most commonly defined as anaawehich uses and enables access to (ICT), usimg ie
management, governance, administration and commtimmcwith inhabitants. Such a city will therefdre
equipped with intelligent systems of transport nggmaent, monitoring of security and public wireless
Internet access points. Moreover, intelligent sitere often characterized by intensive concentratid
highly qualified work force and representativesttod creative class (R. Florida 1996), capable ehting
the knowledge spill-overs. Intelligent city thenefds one that uses available technology in alkeatspof
management and development: creating intelligestesys of communication with inhabitants (e.g. e-
government), creating public transport managemedtteaffic management systems, guaranteeing sgcurit
and managing urban services (Lombardi et al. 20D8ghnology is used mostly with the goal of researc
efficiency increase, on the other hand also —¢oei@mse quality of life in the city.

One of the most often cited definition of intelligecity is that created by the IBM (IBM 2010). Thei
definition emphasizes advanced technology usebarudevelopment and planning, it also focuses sostl
on urban infrastructure. According to the IBM: ,heological advances allow cities to be ‘instrumehte
facilitating the collection of more data pointsriteven before, which enables cities to measurerdiugnce
more aspects of their operations. Cities are irstngdy ‘interconnected’, allowing the free flow of
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information from one discrete system to anotherictvincreases the efficiency of the overall infrasture.
To [meet] these challenges and provide sustainaolgperity for citizens and business, cities mestome
‘smarter’ and use new technologies to transfornr gystems to optimize the use of finite resources.

Criticism of the concept of intelligent cities faas on the fact that it is questionable to attedbuhole
complex system of urban areas development to justfactor — in this case technology (Hollands 2008)
Despite the fact that impact of modern technologieshaping urban areas is well documented iratitee
(Graham and Marvin, 1996), it is unjustifiable igegthis one determinant a superior role. Othdrotsm of
intelligent cities concentrates on the social aspémtelligent systems. One of the risks of exbes use of
advanced ICT systems and tools is increasing téobital exclusion (digital divide), as some grougs
city’s inhabitants may not be able, capable orimglito use them. Therefore, intelligent city isates for an
intelligent inhabitant, however intelligence is enstood very narrowly, as capacity of cooperatirith w
technology. Graham and Marvin (2001) call this ghmana a splintering urbanism, as development
concerns only chosen groups of inhabitants, wimntgeasing fragmentation and polarization in theaare
Intensive use of intelligent urban systems (in g@ort, social security, social capital activatioesources
management), even though biased with technologialsion, may also increase efficiency growththio
extend impossible to obtain by “traditional” metBodror example, automated public transport syst@m c
generate more frequent circulation of buses ongrahan by using only human knowledge, talent and
abilities. Quite similarly, progress in automotiimdustry and use of modern technologies in vehicles
production may increase efficiency of urban traffiechnology can also increase social inclusion by
increasing the lengths of senior citizens actiyy. ‘self-driving’ cars).

Concept of smart city goes beyond this narrow wtdading of development (limited to ICT). Even tgbu
there is no one commonly used definition of smatiex, literature of subject proposes two threafls o
approach to the concept. One approach is to dédfine a city where ICT delivers infrastructure &mrcial
and economic initiatives concerning economic growdhcial capital and higher resources efficiency
(Hollands 2008, Komninos 2006, Van Der Meer and Wnden 2003). Other thread is to assume wider
approach, where smart cities are treated as a mbanulevelopment paradigm (Giffinger et al. 2007,
Caragliu et al. 2011, Neirotti et al. 2014, Lazaramd Roscia 2012). In the latter approach, fostkdrefore
put on phenomena such as human and social camthlsation and natural environment (Lombardi et al.
2012). Such models of urban development point tarsaities as areas which, on one hand, are a sipgpo
factor for intellectual capital development and Ivibading growth by institutional system; at the ethand
providing a knowledge transfer mechanism for syswfiminnovation. These models however, despite
including city management issue, does not concataral environment and sustainable developmenésssu
It also does not provide tools to research cays@lambardi et al. 2012, s. 138).

A comprehensive definition of smart city is providey Vienna University of Technology (VUT) in ,Sntar
cities — ranking of European medium-sized citi@&Asing on literature review, Authors conclude thyathe
time the report was published (2007), the term ‘f$roay” was used to describe such verified actioms
urban areas as: development of ICT in cities; im®eeof inhabitants education achievements; creation
attractive conditions for business locations, myostl IT sector; providing modes of communicatiorttwi
inhabitants (e-administration); modern modes ohdpart; urban development respecting sustainability
VUT therefore, assumes that a smart city is: ,wmrforming in a forward-looking way in these six
characteristics, built on a ‘smart’ combinatioreodowments and activities of self-decisive, indejgeen and
aware citizens”. The six characteristics of a srodyt are: economy, people, governance, environraadt
quality of life. With such assumptions, this apmmaunlike intelligent city concept, gives grountds
extending analyses of urban progress further thechniblogy, while also reaching beyond urban
competitiveness from the point of view of businesstor. Therefore, it avoids risk of dedicatingairb
development strategy to a sole goal of competiggengrowth (by limiting goals to increasing busies
location attractiveness).

Other definition of smart city present Bakici, Ahall and Wareham (Bakici et al. 2013, p. 135) ieitlcase
study of Barcelona, where they state that suclescitjbase their strategy on the use of informaaaon
communication technologies in several fields sugfe@onomy, environment, mobility and governance to
transform the city infrastructure and services”isTtiefinition therefore puts ICT in the position wfan
development tool and this role is in this case ifigant, which may prove that Authors lean more &osv
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understanding smart city more as an intelligent. ¢ithe goal of using ICT in urban management i her
obtaining efficiency gains in resources managenjebtcreation, quality of life increase and inndwat

A current and comprehensive definition of smar @tbrought by A. Caragliu, Ch. Del Bo and P. Idijip

(A. Caragliu et al. 2012), in a statement that:vgistments in human and social capital and tradition
(transport) and modern (ICT) communication infrasture fuel sustainable economic growth and a high
quality of life, with a wise management of naturakources, through participatory governance”. This
definition combines areas almost identical to TU¥gproach (human and social capital, transport, ICT
environment, quality of life and democratic ingiibns), however adds a dynamic analysis by pointing
mechanism and causality between these notionsifisagrt is also differentiation among goals (sussdile
development, quality of life), tools (human and iabccapital investment, transport and ICT) and
mechanisms (effective resource management and gactecipation), while VUT’s approach gave all &
aspects the same role.

Current literature also stresses that core corfoe@mart city is the ability to combine intelligesolutions
with particular city’s conditions (Deakin 2013). Momninos (2008) points to following conditionssyhart
city development:

* broad spectrum of electronic devices and technal@gyin cities and communities;
« use of information technologies for quality of ldad work increase in the region;
« ICT embeddedness in the city;

» territorialization of the above practice in orderbring people and technology closer together, avhil
encouraging innovation, learning, knowledge andlemm solving that technology provides.

Generally, Komninos proposes to defines smartscdie (2008, p. 1): ,...territories with high capadity
learning and innovation, which is built-in the dredy of their population, their institutions ofmlwledge
creation, and their digital infrastructure for coomitation and knowledge management”.

Summing up, smart city as a concept of urban dewedmt assumes it should include six spheres of throw
economy, people, urban governance, geographic iyphibtural environment and quality of life. These
areas should be further supported by informatichrielogy systems, provided they are a tool nota gb
development strategy. Smart strategy should atdade not only multi-dimensional approach but aliy's
stakeholders, i.e. enterprise sector, inhabitamdd@cal government.

4 METHOD

Issue of urban development determinants is welleglded in literature, which of course does not nthan
list is constant and complete. Researchers ssttusis the role of particular factors, their impacturban
growth, their hierarchy and timing. Most commonhalyzed determinants include: innovation (R. Capell
P Nijkamp), creativity (Ch. Landry, R. Florida),tegpreneurship (OECD), quality of life (R. Rogersand
human and social capital (E. Glaeser). All of thésdors are to some extend included in the conoépt
smart city and extended, by addition of mechanisnsstuments and governance.

Interesting approach to urban development detemtsnaf a smart city is presented in P. Lombardépgr
(Lombardi et al. 2012). Using Analytic Network Pess (ANP) method, over 60 indices of urban
development is analyzed. Indices are first grougexbrding to triple helix model, however helix msthis
case extended to four dimensions, fourth dimenbring civil society. ANP analysis, including retats
between priorities (dimensions of the helix) anteralative solutions, gave grounds to grant follayvin
weights to particular determinants: (1) entrepreiagwity — 48 per cent, (2) innovative city — 28rpcent,
(3) people friendly city — 17 per cent, (4) netwedlkcity — 13 per cent.

According to the smart city approach, it is assurttet urban development is analyzed in line wita th
previously listed six characteristics. All six asd@ave their justification for urban developmentraditional
and neoclassical urban growth and development if®adncluding: competitiveness theory, transpod a
ICT economics, human and social capital, qualitylifef theories. Each determinant’s impact on urban
development can be also verified by correlationlyema with urban wealth, measured by GDP per head.
Table 1 presents correlation and p-value resultsliosen measurements from each of the six argas wi
GDP per head PPS. Calculation concerns over 40pgarocities, which also serve as sample for thdevho
analysis presented in this paper.
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Numer of | Population age Administration | Air pollution is | City is a safe] Multi-modal
enterprises median found helpful| a big problem| place to live| accessibilty of]
(in inhabitants’| (in inhabitants’| (in inhabitants| the city
opinion) opinion) opinion)
Correlation| 0,435173 -0,20992 0,306024 0,003477 0,356538 0,890

Table 1: Chosen indices correlation with GDP pedhrairban areas in the European Union. Source: ealmoration based on
Eurostat data.

Calculating correlation of chosen smart city measwnts with GDP per capita (regarded as a synthetic
index for wealth in the urban area) proves thet the multimodal accessibility that has the stestgelation

to urban development. Such result supports the fitapoe of hard infrastructure for cities. Nonetksle
other indices included in the calculation, exceptdity’s inhabitants opinion on air pollution, veealso to
lesser or greater extend correlated with growthuiban areas which supports the choice of the six
characteristic areas for further research of siiigs and choice measurements of measuremenbese t
six areas as proxies for smart city development.

Similar indices for city smartness evaluation wesed in A. Caragliu, Ch. Del Bo and P. Nijkamp’s
research (A. Caragliu, Ch. Del Bo, P. Nijkamp 20Iheir evaluation was based on the correlatiosiof
proxies: employment in entertainment industry, muadal accessibility, length of public communicatio
system, e-administration (no. of forms accessibHire) and proportion of population with 3-4 ISCHével
education with GDP PPS per head. Analysis preséntéukir paper, despite moderate levels of cotimia
between indices allowed for conclusion that the tnsagnificant determinants of smart city’s develan
are: existence of the creative class (in line RthFlorida’s theories) and multimodal accessibility line
with New Economic Geography’s assumptions).

According to OECD’s ,Better Understanding our Giti€1997, p. 23), criteria chosen for a analysisusti

be significant for policy-making and applicationlue have good degree of analytical soundness and b
quantifiable. Ever since the report was published,for over two decades, the state of urban rebdaas
changes significantly. The statement that: ,ittis Bot common to study economic processes andymts

at the scale of cities” (OECD 1997, p. 11) is irqucde, however urban economics may not be considere
leading concern of economists. Still, some chaksngnd recommendations presented by OECD remain
current, e.g. still quantitative research in urkaudies are rather fragmented and concern chosemespof
economy (innovation or energy market), they are adsritorially limited (regard few Western Europea
cities or are a case study). Moreover, still guatitie analysis is biased by heterogeneity of stiatil
systems for local level. Therefore, OECD proposest Ipractices separately for different spheresriohru
economy: natural environment protection, energynemics, sustainable development. Unfortunately,
suggested by OECD “mission information” i.e. theechdor data collection in urban areas in intermatio
dimension, is still valid. Lack of comparative (inding international comparisons) and updated tatme

of the challenges urban researchers and reseaturegsto overcome (Goldstein and Sly 1974, Shoal.et
1996, Taylor 1999, Florida 2008, Taylor et al. 2011

Presented in this paper analysis is based on sagoddta from Eurostat’'s Urban Audit which colledtta
from over 300 EU cities every three years. Colleéatata concern mostly social and economic develapme
based on over 300 proxies. The database is howpdated with considerable delay, and accessitofity
data is dependent on local governments or munityfglinput, therefore some data is non-availabte o
outdated. Despite this bias, Urban Audit’'s datavedl for international quite detailed comparisonghia
territory of the European Union.

Smart city index presented in this paper was ektbdrwith the goal of simplification of this notioits
quantification and creating a tool for communicatio this policy area. Index can be used for irdéonal
comparisons and ratings and enables drawing cdankignd recommendations for urban development. As
every index or model however, it is just a simphfion of reality and particular case-studies €sitirequire
more thorough analysis for a more precise idetifon of their urban growth pattern.

Proxies for the smart city index elaboration wetesen for the sample of 45 European cities, whial be
considered a representative group given their gge location, size and stage of social and ecamom
development. Proxies represent all six smart digracteristics presented in this paper.
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Economy GDP PPS per capita (EUR)

Number of entreprises / 1000 inhabitants
Activity rate (%)

Unemployment rate (%)

People / Human capital Median population age

Employment rate (%)

Number of students (5-6 ISEAD level) / 1000 inhabis
Governance Administration found helpful by citizgi®-100 index)
Resources are used efficiently in citizens opir{@100 index)
Inhabitants satisfied with public spaces (0-10@&i)d

Mobility Multimodal accessibility (UE-27=100)

Number of registered cars / 1000 inhabitants

Inhabitants satisfied with public transport sys{@y100 index)

Environment Population density (people/km?2)
Number of days in a year when ozone concentratiopetls 120 pug/m3
Air pollution is a big problem in inhabitants opdmi (0-100 index)

Quality of life Number of households living inaal housing / 1000 inhabitants
City is a safe place to live in citizens opinior1(@0 index)

Easy to find affordable housing (0 — 100 index)

Table 2: Proxies for the smart city index. Soumen elaboration

Presented in the paper smart city index is nofiteeattempt of this concept’s quantification. aaiu and
Roscia’'s (2012) elaborated a model which may sas/@& tool for smart city rating based on 18 proxies
Their model however is based on a more narrow wtaleding of city smartness (quality of life and faum
capital issues were not included and model wasulztd based on proxies concerning economy, energy,
environment, mobility and administration). Moreavére model was tested on a group of six Italidre<i
and its application value may be limited by theuiegment of consultation with experts in each aredly
area. According to authors’ conclusions (G.C. LimzgarM. Roscia 2012, p. 332): ,The example repoited
this paper is on a hypothetical smart city andebaluation of weights, criteria and indicator hawé been
carried out by experts of the specific fields. &se of a real city, the establishment of correlitesrequires

the experts contribution in the various choserl§gl

Aggregated index presented here provided a tool clumparative studies, rankings elaboration and
observation of progress in urban development withooad consultations with experts and policy-maker
every particular area.

Presented index is based on six sub-indices camelspg to six smart city characteristics (econopegple,
mobility, governance, environment, quality of lifdfroxies for the calculation are presented in &b.
together with weight given to each sub-index arakyr So far, in this first version of the indexchasub-
index is given the same weight (1/6) and weightspfoxies divided equally within each sub-indexmiay
turn out necessary, however, that in course ofarebeand consultations, those weights will be atteiThe
model elaborated for smart city index gives suchsmlity and it may be used, if further researcii w
justify it.

Value of each proxy was given evaluation on a 1se&le based on quintiles of order systematization
cities. Therefore, 20 per cent of cities best penfng in a sphere estimated by a proxy were evetlaith a
5, while 20 per cent of worst cities was granteld 8uch parameterization of measurements allowefliio
comparability of development of urban areas. Weidtgverage of points granted for each proxy wislio-
index to a city gave value of a sub-index (yetcsiproxies are given the same weights it is in &act
arithmetic average).

Aggregated smart city index is a weighted averagsub-indices values. In the presented versiorhef t
index each of sub-indices has however the samehtydignce average value is actually equal to agtlim
average.

Alternative approach may be to order cities aceaydd the value of a particular proxy followed laigting
them ,grades” according to their relative positionsuch model, for the sample of 45 cities, a wiith third
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highest value in GDP per capita would be grant&B (uoints. Sum of such grades would then give a
synthetic position. This method however limits gsa to the sample group without the possibility of
enlarging it with other cities or entities.

Sub-index Proxy Weight in sub-| Weight of the
index sub-index
Economy GDP PPS per capita (EUR) 25% 1/6
Number of entreprises / 1000 inhabitants 25%
Activity rate (%) 25%
Unemployment rate (%) 25%
People / Human Median population age 33% 1/6
capital Employment rate (%) 33%
Number of students (5-6 ISEAD level) / 1000 inhabit 33%
Governance Administration found helpful by citizg0-100 index) 33% 1/6
Resources are used efficiently in citizens opi{@100 index)| 33%
Inhabitants satisfied with public spaces (0-10@i)d 33%
Mobility Multimodal accessibility (UE-27=100) 33% 1/6
Number of registered cars / 1000 inhabitants 33%
Inhabitants satisfied with public transport sys{@i100 index)| 33%
Environment Population density (people/km2) 33% 1/6
Number of days in a year when ozone concentratimeetls| 33%
120 pg/m3 33%
Air pollution is a big problem in inhabitants opanmi (0-100
index)
Quality of life Number of households living in gal housing / 1000 33% 1/6
inhabitants 33%
City is a safe place to live in citizens opinior(@0 index) 33%

Easy to find affordable housing (0 — 100 index)

Table 3: Proxies for smart city development and thveights in smart city index.

Other alternation to the method (also considered)lso ranking according to average intervals éambtof
percentiles). This operation, given homogeneity Enfropean cities, proved to be inadequate. Since
normalization does not regard the distribution alies, in case of extreme values or concentrafialaes

in a small range (as in the case of European citemalization brings values in a very tight scale
Normalization (i.e. use of average for proxies) tarefore cause over-representation of proxieshosen
ranges. Overall, use of average values was imibdel inadequate and percentile order was useshithst

Values of measurements in presented analysis wdezanl in ascending order, i.e. the higher theevithe
better the grade. Following proxies, due to the flaat lower values are desired in urban developnvegre
ordered in descending order: unemployment rate,ianedopulation age, dependency ratio, population
density and air pollution as a big problem.

5 FINDINGS

Values of smart city index for the analyzed sangie presented in tab. 4. Finally, out of the grotig5
cities, full data set was obtained for 27 citie$ bub-indices values for particular sub-indicesenaeen
calculated for larger groups of urban areas.

City SMART Smart Smart Smart Smart Smart Smart
INDEX Economy People Management Mobility Environment| Quality of

life
Bordeaux 3,97 2,50 4,33 5,00 4,33 3,67 4,00
Groningen | 3,96 3,75 3,33 5,00 3,00 3,67 5,00
Rotterdam | 3,61 3,00 3,00 4,67 4,00 2,67 4,33
Lille 3,49 2,25 4,00 5,00 3,67 2,67 3,33
Bologna 3,47 4,50 3,67 3,67 4,00 3,33 1,67
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Hamburg 3,40 3,75 2,00 3,33 4,00 3,67 3,67
Praha 3,35 4,75 2,33 3,00 4,33 3,67 2,00
Krakéw 3,33 3,00 3,67 4,33 3,67 2,33 3,00

Bialystok 3,28 2,00 3,33 4,00 2,67 3,67 4,00
Amsterdam| 3,26 4,25 2,67 3,33 3,33 2,33 3,67
Warszawa | 3,21 4,25 3,00 2,33 3,67 3,00 3,00
Paris 3,18 3,75 3,67 3,33 3,33 2,00 3,00
Manchesterl 3,15 2,25 3,33 4,33 2,33 2,33 4,33
Leipzig 3,06 2,00 2,33 3,00 3,33 4,00 3,67

Ljubljana 3,06 4,00 1,33 3,33 3,00 4,33 2,33
Liege 2,92 1,50 2,67 3,00 3,67 3,67 3,00
London 2,89 3,00 3,00 3,67 3,00 2,00 2,67

(greater

city)

Brussel 2,85 2,75 3,67 2,67 3,67 2,33 2,00
Bratislava | 2,81 3,50 3,00 2,00 2,00 4,67 1,67
Berlin 2,64 2,50 1,67 1,67 2,67 3,33 4,00

Kosice 2,64 1,50 3,00 3,67 1,00 4,67 2,00
Vilnius 2,58 2,50 3,67 1,33 2,67 3,00 2,33

Madrid 2,56 2,00 2,33 2,67 3,33 2,33 2,67
Tallinn 2,56 3,00 3,33 2,00 1,67 2,67 2,67

Barcelona | 2,51 2,75 2,67 2,00 3,33 1,67 2,67
Riga 2,38 2,25 3,33 1,00 2,00 2,67 3,00
Sofia 2,29 2,75 2,33 1,00 2,67 3,00 2,00

Table 4: Values of smart city index and sub-indiceschosen European cites. Source: own calculation

Out of the analyze sample group, the best perfgnaities in the smart city development seem to be
medium-sized cities, which rather do not play a thamt role in their countries economy and rathevesas
regional centres. Highest value for large citiasgé and significant enough to be included in dlaitées
network, achieved Paris. Surprising may also bepttstion of Barcelona — city dedicated to the idéa
smart city and location of numerous smart cityiatives (Bakici et al. 2013). Eastern Europearesitiank
rather low in smart city index but worth noticing the fact that their position is not lowered doettte
indices in the smart economy index but rather tyafilife and urban governance factors.

6 FURTHER LINES OF RESEARCH

Smart city index presented in this paper is itstfirersion and requires further research, altesnat and
improvements. Potential areas of areas for imprevgminclude mentioned differentiations of weight o
enlargement the group of chosen proxies. Changegighing system may be introduce with the use of
fuzzy-logic method (Lazaroiu, Roscia 2012), buitdion experts’ consultations. This line of changethe
model may also give grounds to building recommendatand policy-making based on the index as change
in weight of particular proxy or sub-index may shavpotential gain achieved by new urban development
activity.

Other line of improvements may include alternationghe range of points granted to cities for theilues.

So far, calculations were based on 1 — 5 scaleghemmay be proper to limit the range if extremei@a for

a chosen proxy are not observed. Then, a range5bR21-3 may prove more informative (e.g. when
analyzed group of cities rank relatively low in artcular issue globally). This change however nexpu
experts’ evaluation and decision.

i
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7 CASE STUDY OF tODZ (LODZ)

Lodz is an average-sized city located in centrdhfth The choice of this particular case-studyasea on

an industrial history of the city, as well as itevdlopment after economic transformation in Poland.
Historically, development of city of Lodz has bestrongly related to the textile industry and statethe
industrial revolution period, when industrializatiovas inevitably followed by urbanization. Typigafor
urban growth in that era, Lodz grew around larg#ileeproduction sites, with urban plans being elated
and implemented by and for large industry ownerlsoAypically for the Enlightenment philosophical
thought, some ideas concerning social developmeng mtroduced — with dwellings, schools and hedpit
built for industrial workers. Post World War Il, a2 continued path of development relying on hard
industries, mostly textiles. With centrally plannedonomy, city’s industrial production grew, yeisth
growth did not turn into development, especiallyewht comes to negative agglomeration externalities
These tendencies came especially vivid after tlima@uwic transformation and introduction of free-nark
economy in Poland, leaving Lodz with social chajles non-existent middle class, brain drain towards
Warsaw, high rates of crime, low rated of educagitiainment and employment. Yet, Lodz still remdiaa
attractive location for industrial production, digethe infrastructure heritage, large pools of faleoce and
central (both Polish and European) location.

Post-transformation development of the whole regioh Eastern Europe is characterized with
deindustrialization forces, necessary to adjustnecoes to the free-market service-oriented glokdliz
world. These tendencies did not by-passed Lodznagaht close down of many inner-city plants anddarg
losses of manual jobs, followed by wide range ofiaoproblems (crime, unemployment, premature
mortality, neighborhood abandonment to name jusd.f@attern of deindustrialization, analyzed inamb
development literature (Turok and Edge, 1999), basn followed with difficulties to replace lost
opportunities or retain work force. Literature betsubject brings different explanations of thecpss of
deindustrialization. In some papers, lower skiitensive production is being moved outside of gitidile
urban areas remain locations higher level functifMassey, 1984). Cities are then centers of stiateg
control, and smaller regional centers lose thegnificance in economic development. There is disoties
bringing similar patterns to the international leweith Sassen’s global cities network, as the neiample
(Sassen, 1994). The same division of labor is ldeseribed in international perspective, with off€ho
emerging economies acting as regional centers.n€hgork analysis of urbanization is followed by k®r
of Castells who puts emphasis largely on technoldgahdvances in economic growth and emergence of
informational phase of economic development. Irs¢htheories, “economic relationship within cities/é
become less important than the position of citighiwwider international network” (Turok, 2005, ).

Is seems like development of Lodz post-transforomatiirst followed the pattern analyzed in Masseaytgk.
Large pools of low- and medium-qualified labor ®®nmade the city attractive location for productiufn
lower ranges of value-added chains. Analyzing ihedevelopment in industrial clusters terms, Loday
have followed the model of product cycle (Verno®@91966), according to which firms separate stages
life cycle of their products spatially. For exampleformation- and qualification-intensive actieis will be
located in urban location which give access to lyigkilled work force, as well as allow for faceftace
contacts necessary for information creation antutation. However, with the further stages of pratiulife
cycle, once the product has been designed, testedeveloped, the firm will no longer need souraieson-
standardized innovative production. Once the infdiom about the product is standardized and availab
the production technique become not only easianpdement but also does not require highly skilkggbor.
The location of production can be then moved todleeost (and lower-skills) areas.

Therefore, city and its region became location arious household equipment production sites, as agel
business support centers (mostly call-centers,uatitwy and computing). As expected, this procedsndi
bring any advances of economic development of itye mor did it solve growing social problems. Awe
development strategy of Lodz tried to face thesdlehges and lead the city to new pattern of growtiich
seems particularly interesting.

The strategy (“Integrated Development Strategylfodz 2020+") envisages three sources of competitive
advantage for the area, namely: industrializationpvation and creative sectors. Building on theustrial
history of the city and its legacy (infrastructutayor ethos), the city’s policy-makers are trytogntroduce
activities from higher level of value-added champre technologically advanced. So far, Lodz has
succeeded in attracting R&D centers, which may gmeurther loss of qualified labor to Warsaw. The
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city’s industry is still mainly concentrated in ti&s (using the still existing infrastructure),tyleaning
towards technological advancements (e.g. produatibrinnovative fabrics). On the other hand, great
emphasis is put on creating conditions for growitthe creative sectors, based also on factors emdémivas
the city is home to various artistic schools antvensities (film, fine arts, music). In this respethe city is
strongly supporting creative cluster creation, yoky satisfying demand for locations of artistictigities
through means of revitalization. The actions resllh emergence of two large creative clusterfiéncity,
bringing together large number of small firms dfstic character (Off-Piotrkowska and K&y Mlyn).

The development strategy of Lodz, even though el#ted per se to the concept of smart city, may be
analyzed as such. It stresses a multidisciplinametbpment of city (with industry as important &3 ahile
not neglecting the hard infrastructural size ofaumrlslevelopment. The three priorities of the develent
strategy are as follows: (1) economy and infrastme;s (2) society and culture, and (3) space and
environment. With an overarching goals of efficigrand citizen-friendliness, they all together cdog all
fundaments of the smart city concept of urban dgraknt, therefore Lodz may be analyzed in thesester

Main strengths of the city, according to its demismakers, include (The City of Lodz Office, 20p220):
« central position in Poland, Europe and in the agegi@tion with a population of over a million;

» infrastructural investments carried out in Lodz dhe agglomeration, including those in transport
with network of national highways and fast traiofrom Warsaw;

« diverse, substantial investment areas that ardaéaiin the city;
e competitive costs of carrying out business acawiti

* numerous higher education institutions, both pulali@ private, as well as research institutes
generating efficient and experienced staff;

e post-industrial heritage — tradition, identity, gné architecture and urban arrangement;

» experience in regeneration of post-industrial $tmes for education, trade and entertainment
purposes;

In the light of strategic documents, survey data iaformation from the entrepreneurship sectoralmn of
economic activity in Lodz is still mostly choserr the characteristics of its labor force. As chaeastic as

it is for the emerging economies, it still bearsvadaknesses and risks of low-cost locations. Ligdaot
going to turn into an agglomeration include in ifternational network of cities, nor will it benefiom the
new ‘informational’ phase of capitalism by becominge of the nodes of international network of
information processing and control. Yet, Lodz mal lsenefit from international labor and capitavidion,

as well as may serve as regional cluster of sniatisf capable of delivering Saxenian’s ‘milieux’ for
innovation. Analysis of the city’s development alsmves that it is becoming even so often a pool of
qualified, yet still cost-competitive, labor — ovére last decade number of companies in creativk an
innovative sectors is increasing. Worth mentiorim@lso a fact that innovation in Lodz is to someead
driven by revival of textile industry, yet in itsicent, technology intensive stage. Building omasfructure,
know-how and tradition of the industry in the ragiinvestors are starting to produce and reseaxie
products in Lodz and, moreover, many of the inwsstne small and medium sized companies.

Attachment of the city of Lodz to the smart citytigtives is also supported by its bid in IBM’s “&nter
Cities Challenge”, which Lodz finally won (togethesith other 30 cities around the world). Under this
program, Lodz will be consulted by IBM’s leading pexts as far Was development challenges are
concerned. The whole project is valued at 50 mmillSD and included three-weeks-consultation period,
analysis of city’s growth, interviews with city’sojicy makers, academia and business representatives
concluded with recommendations. So far, IBM expartsanalysis the area of social transfers in tharu
area, which may seem unorthodox for an urban dpwetat primary research but as the project is still
undergoing, it is hard to evaluate its outcomes yet

The issue of smart city growth in the context afimas stages of economic development (i.e. in agpesd or
low-income countries) has not been widely elabakateon in literature, neither conceptual nor ergpiri
This approach is slightly touched upon in Neiradti al. (2014), as structural factors, with economic
development, constitute one of the groups of exgitaly variables in their regression analysis.
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It seems however, that the concept of smart city b@atreated as a universal model for urban dewedop
given a wide definition is assumed. If we assumarsmity a new paradigm of urban development, and
include areas concerning social and human capitahility, governance, sustainability, the concegtras
appropriate for both developed and emerging ecoe@mmUnderstanding of smart city to just city
“intelligence” and its endowment with ICT distottge picture as it favors both technology and pdpania
capable and willing of its use. Cities equippedWET are not necessary better cities or more levaliies

or even cities more attractive for investors.

Studies and rankings show that the smart cityaitintes are elaborated and implemented in citiesutjitout
the world, yet priorities are chosen depending dg or region’'s needs. Empirical analysis of those
initiatives (Neirotti et al. 2014) proves that tlexel of economic development (with GDP per capita
proxy) is not as important to implementation of sinwty initiatives at all, as it is to the type attions
chosen. The study proves, contrary to conventi@nalvledge, that cities in developed countries tend
concentrate more on ‘hard domain’ (energy, nattgsburces, transport, built environment, healtheae
public security) whereas low-income cities arevactn projects aimed at innovation capabilities ancan
capital.

The index elaborated in the presented study aleeskhat cities from various economies score siyila
the ranking. This analysis is, however biased gy ftt that it is geographically limited to EU mesnb
countries, therefore the representation of low-4meaconomies is inadequate to global comparatiest.

The case study, its potential and development imgeof smart city concept will be analyzed using th
previously elaborated index. Data for the followirajculations come from three sources: Urban Addia
base of Eurostat, Bank of Local Data of Polish dlal Statistical Office and quality of life and djtyaof
public institutions service survey, carried ontleg Lodz’s Municipality in 2012.

Fig. 1 shows results in the previously prepare@xidr Lodz. As Lodz was not include in Eurostatisvey

on quality of life in European cities, other praxibad to be used in this particular case. Number of
households living in social housing, for the lac¢ldata, was substituted with declarations on treeafsany
social assistance by city’s inhabitants (basedhenMunicipality’s own survey, ). Efficiency of rasmes
use, since not accessed by neither the MunicipabityEurostat, was estimated based on Standard&Poor
rating. Other proxies remained unchanged compaittdtiae original smart city index and the valueseo
from either Urban Audit or Municipality’s survey quality of life in the city.

LODZ

Smart_Economy

2,5
Smart_Quality of life Smart_Peaople

3,0
2,0

3.3
Smart_Environment 4,3 Smart_Management

23

Smart_Mohbility
Fig. 2: Smart city index an sub-indices in Lodzu®e: own calculations based on Urban Audit andzLiddnicipality survey data.

The overall point value for Lodz in smart city ideomes to 2.90 which ranks the city in the midufi¢he
sample used for the evaluation. It is also a vétaeis similar to other Eastern European citisterestingly
however, Lodz ranks relatively well in areas ofiemvment and management, where other Eastern Eamope
cities had lower values. In case of Lodz, overalle of smart city index is lowered by quality iéland
mobility sub-indices. The mobility issue may be emd in the near future by the extension of higly-esad
rail-track network around in within Lodz. FurtherrapLodz has just lounged a large investment ierinity
train system. Overall accessibility of Lodz and itigbinfrastructure within the city should increa# the
near future and comparing the smart city indexughmut next few years might bring interesting ressul
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Other area of policy focus should concentrate amasalevelopment. High numbers of households livimg
social housing are to some extend an aftermathdufsitrial history of the city and its social conseces —
unemployment, social exclusion, problems with adjest to free-market reality.

The fact that Lodz is not following the patternsofart city development typical for other Eastermdpean
countries may support the hypothesis that smaytigia concept for multi-dimensional urban develepm
suitable for both developed and emerging econoniibss particular case study proves that smart city
strategy is more dependent on actions and inigatbaken within this particular urban area or rediman
overall macroeconomic situation of national econorijne fact that analyzed concept covers six
characteristics gives possibility to make up d&figi one area by excellent results in others.
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1 ABSTRACT

Das Internet I0ste eine tief greifende Medienrettoiuaus, die sich durch die Entwicklungen im Sbcia
Media Bereich sowie der Nutzung des mobilen Intermnechmals verstarkt. So hat sich die Art, wiealté
heute erstellt, verteilt und wahrgenommen werderksrerdndert (Minker, 2009). Dementsprechendt stel
sich auch die Frage, wie ein erfolgreiches Markpsinkunftsorientiert positioniert werden kann unelche
Mechanismen im Internet, unterstitzt durch SocialdM, dafir Potentiale bieten. Sowohl von Beispiele
der Marketingstrategien grof3e Konzerne als audiarketing von kleinen Kommunen ist dies ablesbar.

Gegenstand dieses Beitrages sind die Ergebnisee emmpirischen Studie (Masser 2013), die den Einsat
von Social Media im Stadtmarketing in der Metropglon Rhein-Neckar (MRN) untersucht hat und hier
exemplarisch vorgestellt wird.

Ziel ist es hierbei, die Grinde und Motivationenarum Kommunen Social Media in ihren
Marketingprozess einbeziehen zu ermitteln odes fdiks noch nicht geschehen ist, die Ursachen aafir
identifizieren.

Neben der allgemeinen Erlauterung von Zielen im Kdtingprozess mit Social Media standen folgende
Fragestellungen im Mittelpunkt der Studie: Ist &bd¥ledia lediglich ein Instrument um junge Menschen
welche durch klassisches kommunales Marketing alawkerig zu erreichen sind, anzusprechen? Oder gilt
es, das Image gegeniber Auflenstehenden (Tourigtengerbessern? Konnte gegebenenfalls die hohe
Aktualitat des Mediums ein Kriterium fir den Einsablcher Marketingkanéle (Facebook, Google+, Bwitt
etc.) sein?

Daneben wird die Hypothese Uberprift, ob das Issgren Social Media Marketing abhangig von der &rof3
der Stadt ist oder nicht. Weiterhin wird der Fragehgegangen, ob Grol3stddte mehr Social Media Atgeb
nutzen als kleinere Kommunen.

2 EINLEITUNG

Viele Stadte stehen in einem starken regionalertjomalen und internationalen Wettbewerb um
Unternehmen. Die Neuansiedlung beziehungsweisBid@ung vorhandener Unternehmen durch die damit
verbundenen Gewerbesteuereinnahmen tragt wesentlich Finanzausstattung einer Kommune in
Deutschland bei (Deutscher Stadtetag, 2010). Aietzahl der Einwohner ist vor allem bei der Ubeteo
Unterschreitung von Schwellenwerten (wie 100.00@nBihner) ein wichtiger Parameter, da unter anderem
die Einnahmen aus dem kommunalen Finanzausgleicasitrreichen einer bestimmten Grol3e gekoppelt
sind (Jensen, 2013). Auch um Touristen und Gesahéfe, speziell solche, die in Hotels und Pensione
Ubernachten, konkurrieren Stadte und Regioneninigen Fallen gibt es spezielle Konkurrenzsituagion

So werben Stadte um Messen oder GroRRveranstaltuAtgeBeispiel ist hier die Verlegung der PopKomm
von Kdln nach Berlin zu nennen (RP Online, 2003t ditser Konkurrenz um Messegaste sind auch damit
verbundene Steuereinnahmen oder bei Flughafenstandder Wettbewerb um Fluglinien (Passagiere und
Fracht) zu bertcksichtigen. Den Stadten und Regiostellt sich die Frage, wie sie ihr Marketing
zukunftsorientiert ausrichten kdnnen. Social Mddeiet hier neue Ansétze.

Netzwerke und Communities werden immer mehr einl Teiseres Lebens. Privatwirtschaftliche
Unternehmen nutzen Social Media immer haufiger Kumden anzusprechen und diese in den Produkt- und
Marketingprozess einzubinden. Die Arbeit soll digaGcen, Mdglichkeiten und Risiken des Einsatzes von
Social Media im kommunalen Marketing darstellemeEzentrale Fragestellung lautet: Erkennen Stéelte d
angesprochenen Trend und wie stellen sie sichelesmHerausforderung?

Folgende Hypothesen werden im Rahmen des vorliegeBditrags Gberprift:
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Der Einsatz von Social Media im Stadtmarketing

» Stadte haben abhangig von ihrer Grof3e InteresSeeal Media Marketing: grof3e mehr als kleine
* Bestimmte Ziele oder Zielgruppen sollen durch das& Media Engagement angesprochen werden

Die Hypothesen wurden mithilfe eines Onlinefragebtyy adressiert an die Kommunen in der
Metropolregion, Gberpruift.

3 GRUNDLAGEN

Im nachfolgenden Abschnitt werden kurz die wichggsBegrifflichkeiten rund um das Themenfeld des

Social Media Marketings angerissen. Dabei kann eiarkurzer Ausschnitt beleuchtet werden, da eine

umfassende Betrachtung der Thematik mit allen Basidmeiten den Rahmen des Beitrages Ubersteigen
wuirde. Fur weitere Informationen zum Thema wird diafArbeit (Masser, 2013) verwiesen.

3.1 Social Media Marketing

Als Social Media Marketing (SMM) wird der gezielnsatz von Social Media (Facebook, Twitter eta.) z
Marketingzwecken verstanden. Es kann dazu verwemeeten, Kundenbeziehungen aufzubauen und diese
zu starken, daneben kann der Einsatz Transparéaffec. Die reine Prasenz im Medium stellt nochnkei
Social Media Marketing dar. Social Media steht wiehr fir den Austausch von Content (Inhalten) und
Diskussionen unter den Nutzern. Die eingesetzeanlt@lsollten an die Marketingziele einer Organdsati
oder Institution angepasst werden und positive Aitksingen auf das Image des Werbenden haben (Bannour
& Grabs, 2012; Minker, 2009).

3.2 Zielgruppen des Social Media Stadtmarketings

Betrachtet man eine Kommune aus der Perspektivélddsetings, so weist sie Ublicherweise sechsdh si
sehr verschiedene Zielgruppen auf: den Birger, &liglgesellschaft®, Touristen, Unternehmen und eler
Beschaftigte, die Region sowie stadtische Besdtéfti

Um diese unterschiedlichen kommunalen Zielgruppariahen zu kénnen, muss normalerweise ein
Distributionsmix von verschiedenen Medien und kmstenten (z. B. Tageszeitungen, Werbung in
Uberregionalen Medien, Fachpublikationen, die Pr@sen der Kommune auf Messen und Konferenzen,
Homepage, etc.) eingesetzt werden (Grabow & Hofidabmig, 1998; Reeg, 2011). Das Repertoire kann
durch das Social Media Marketing erganzt werden.

3.3 Ziele des Social Media Stadtmarketings

SMM bietet dem Anwender einfache, zielgerichtetml$oum sich zu vermarkten. Es kann so in einer
schnellen Art und Weise ein grofRes Publikum kogsiestlg angesprochen werden. Den beworbenen
Produkten und Marken wird dadurch eine grof3e Auksemkeit zu teil. Doch es stellt sich dabei aueh di
Frage, wie Kommunen und Stadte dieses InstrumanPaeluktwerbung fir ihr eigenes Marketing nutzen
kdnnen?

Welche Ziele des Stadtmarketings lassen sich dbodial Media Marketing erreichen oder kénnen ieiihr
Durchfiihrung unterstitzt werden?

In der nachfolgenden Tabelle 1, basierend auf ddreifen von Kuron (1997) und Block & Icks (2010),
konnen die Ziele des Stadtmarketings in Verbindung Social Media Marketing exemplarisch
veranschaulicht werden.

Die Betrachtung der Ziele des Stadtmarketings inuBeauf die Umsetzung durch Social Media Marketing
diente zur Erarbeitung und Konzeption des Fragemmg&ocial Media und Social Media Marketing
scheinen fir Kommunen interessant, weil sehr végdelme Zielgruppen (siehe 3.2) erreicht werden &iinn

4 DURCHFUHRUNG UND ORGANISATION DER BEFRAGUNG

Die empirische Erhebung der Studie ,Einsatz von@ddedia im Stadtmarketing” wurde im Zeitraum vom
15. Mérz 2013 bis zum 05. April 2013 in der Metrispgion Rhein-Neckar durchgefuihrt. Dabei wurden 61
Kommunen im Namen des Regionalverbandes angesehri€he erforderlichen Adressaten wurden durch
die Abgleichung einer Prasenz der Stadte in Soridledien ermittelt und Uber die dort angegebenen
Kontaktdaten die jeweilige verantwortliche Persomeld kontaktiert. Bestand kein Social Media
Engagement, so wurden Verantwortliche in den BhegidViarketing, Tourismus und Wirtschaftsférderung
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angeschrieben. Daneben richtete sich das Anschredlbeh an Institutionen wie beispielsweise den
Marketing-Club Rhein-Neckar e. V.

Ziele des Direkte Indirekte Keine Begriindung / denkbare Szenarien
Stadtmarketing Auswirkung Auswirkung Auswirkung
Handel férdern Indirekte Auswirkung durch Tourismus-
X und Eventmarketing (Bsp. Weindorf)
Steigerung der Keine direkte Kausalitatskette erkennbar
Attraktivitat einer X
Stadt/Innenstadt
Bessere Positionierung der Stg Aktives SMM kann ein modernes und
gegeniber Wettbewerbern transparentes Bild der Stadt zeichnen
Verbesserung des X
Stadtimages
Steigerung der Zufriedenhe Zufriedenen Burgern/Kunden steht die
stadtischer ,Kunden* X Mdoglichkeit dieses Uber die Social Medja
Prasenz zu beschreiben, was weiter
beeinflussen kann
Erhohte Identifikation der Biirge Direkte Ansprache der Birger — erzeugt gin
mit ,ihrer" Stadt X LWir-Gefuhl*
Belebung Innenstadt und d Durch SMM kénnen potenzielle
Kaufkraftbindung X Kunden/Birger  oder  Eventteilnehmer
angesprochen werden
Steigerung der Effektivitat vol Keine direkte Auswirkung
Einrichtungen und MalRnahme X
zur Stadtentwicklung
ErschlieBung der innerstadtisch Eingeholtes Feedback konnte fur eipe
Entwicklungspotenziale bessere Informationsbasis genutzt werder
Stadtstarken und —schwéachen X
ermitteln
Wirtschaftsférderung Keine Mechanismen, um gezielte
X Forderprojekte zZu begleiten oder
durchzufuhren
Lediglich Nutzung zur Kommunikation
Leitbild entwickeln Einfache Einbindung der Blirge» Prozess
X / Fortschritte kénnen einfach kommuniziert
werden
Problem: Datenschutz
Birger besser informieren Schnelle, kostengtinstige Information durch
X die SM
Unternehmen/Blrger a Durch "ground founding" konnten diese
Finanzierungen beteiligen X beteiligt werden
Leistungen kostendecken SMM relativ kostenneutral, kann aber keine
vermarkten X direkten Einnahmen generieren aulfer
Einsatz von Social Shopping - Nutzen
fraglich
Verwaltung modernisieren Durch Wikis kdnnen Burger bspw. in die
X Arbeit der BIS integriert werden.
Problem: Datenschutz / Kontrolle der Daten
Bessere Nutzung der Lenkur Durch SMM kénnen Entscheidungen unter
stadtischer Ressourcen X Umstanden beeinflusst, aber nicht getrofien
werden
Verbesserung de Ob sich Handlungstrager von Social Media
Zusammenarbeit zwische| X Beitragen beeinflussen lassen, ist fraglich
wichtigen Handlungstragern i
der Stadt
Aufbau innerstadtische Social Media erleichtert die
Netzwerke X Kommunikation
Einbindung  offentlicher  ung Keine direkte Auswirkung
privater Akteure im Rahmen eing X
Public-Private-Partnership.
Freiwilliges Durch den gezielten Einsatz kann Interesse
Engagement X fir solche Amter geweckt werden |-
Ansprache der 14- bis 29- jahrigen

Tabellel: Untersuchung der Ziele des StadtmarkgtimgBezug auf die Umsetzung durch Social Media iamky Tools (Eigene
Darstellung, 2013 in Anlehnung an (Kuron, 1997 wdRI& Icks, 2010))

Als Grundlage des Fragebogens diente die Erarlgspiase der Diplomarbeit ,Der Einsatz von Social
Media im Stadtmarketing” (Masser 2013), die Masiests ,Neue Medien und Social Networking im
Stadtmarketing” (Schneider, 2011) sowie die Sty@ecial-Media-Management: Gut aufgestellt fir den
Erfolg?* (Holicki & Kati, 2012).
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Der Fragebogen wurde in Papierform beim 15. Worfstler Arbeitsgruppe EDV in der Stadtplanting
getestet und dann in leicht modifizierter Form@ldine-Fragebogen eingesetzt. Die Vorteile einen@n
Fragebogens liegen auf der Hand. Es entstehen Kaisien fir den Druck und Versand eines gedruckten
Fragebogens und der Aufwand fiir die Ubertragung Rigten von Papier in eine elektronische Form
Datenbank entfallt. Auch entstehen keine FehlerdeeiDatentibertragung, eine Kontrolle wie in anafog
Verfahren ist nicht zwingend notwendig. Nach Ablaidr Bearbeitungszeit wurden die Informationen
ausgewertet. Dies erfolgte mit Hilfe von MS Excelvie SPSS, unter anderem um relative Haufigkeiten
sowie Korrelationen (Kreuztabellen) zu analysiefere ausgewahlten Ergebnisse der Analysen werden in
Diagrammen dargestellt und erlautert. Mittels diesmvohl deskriptiven als auch schlieBenden sittlstn
Analysemethoden konnten die zuvor formulierten Hgpsen einer empirischen Uberpriifung unterzogen
werden (Bortz, 1999; Atteslander, 1995). Fur didir@Befragung wurde LimeSurvey eingesetzt. Neben
den geringen Kosten stand die einfache und unkarepe Handhabung fiir die Befragten im Vordergrund.
Durch den Einsatz von Filterfragen konnte der Hoagen so gestaltet werden, dass bestimmten
Befragtengruppen, zum Beispiel die Gruppe der Komeny die Social Media nutzen und die Gruppe, die
dies nicht tun, unterschiedliche Fragebogenvanaptésentiert bekamen. Nicht relevante Fragen wurde
dem Befragten nicht angezeigt. In einem herkdmralicRragebogen in Papierform sind hierzu zusatzliche
Erklarungen und Hinweise im Fragebogen notwendig,jehen kompliziert und undbersichtlich machen.
Eine Telefonbefragung oder personliche Befragumge(Viewbefragung) war nicht vorgesehen, da der
Aufwand fur Interviewtermine mit Vertretern von @hterschiedlichen Institutionen als zu hoch eingéest
wurde.

4.1 Auswertung der Befragung

Insgesamt wurden 61 Kommunen und Institutionen seigéeben, wobei 35 der Angeschriebenen den
Fragebogen ausgefillt haben. Somit ergibt sich drieklaufquote von 58 %. Die beachtliche
Beteiligungsquote von fast 60 % zeigt, dass dasument der Online-Befragung nach Kosten-/Nutzen-
Erwagungen mit weitem Abstand die ,gunstigste* \&rgnsweise ist. Allerdings haben 11 der 35
Kommunen, die den Fragebogen ausgefiillt habenwenig oder keine Angaben gemacht, manche haben
den Fragebogen nur durchgeklickt.

AbschlieRend kann daher geschlossen werden, dasd 8&fzeit fir etwas mehr als ein Drittel der
Kommunen in einer Metropolregion wie der Metropglom Rhein-Neckar (ca. 37 %) ein ,wichtiges"
Thema ist.

4.2 Ergebnis der Studie oder Grinde fur Social Media Maketing

Um eine gewisse Vergleichbarkeit zu schaffen, wwgidd bei der Konzipierung der Frage ,Welche Ziele
werden mit dem SMM verfolgt beziehungsweise wasewatie Grinde, die die Stadte dazu bewegt haben,
im Social Media aktiv zu werden?“ an der Studie Buthneider ,Neue Medien und Social Networking im
Stadtmarketing“ orientiert. Diese Evaluation wurd@l10 fur die BCSD-Bundesvereinigung City- und
Stadtmarketing Deutschland e. V. durchgefuhrt (8ader, 2011). Es soll gepruft werden, ob die Ziele
beziehungsweise Griinde Social Media Marketing mMietropolregion Rhein-Neckar einzusetzen, mit den
Ergebnissen der Studie (sprich anderen RegioneBeintschland) vergleichbar sind, ein synoptischer
Vergleich folgt.

! Arbeitsgruppe EDV in der Stadtplanung; weitere otnfationen finden Sie unter: http:/www.ag-edv-
stadtplanung.de/ag-main.htmi
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Bekanntheitsgrad einzelner Aktionen steigern
(Veranstaltungen/ stadtische Bauprojekte)
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Diagramm 1: Antworten zur Frage: Aus welchem Gruiirdl / wurde ihre Kommune im Bereich Social Medidie?
(Mehrfachnennung maglich), n=24, in % (Eigene Dahgihg, 2013 in Anlehnung an (Schneider 2011))

Wie Diagramm 1 entnommen werden kann, soll mitBesial Media Marketing vor allem die Bekanntheit
der Stadt oder einzelner Aktionen (z. B. Events Keste, Markte, Ausstellungen, Festivals etc.)ejgstt
werden. Sehr haufig wurde aber auch angegebertlitfét von Social Media jingere Birger erreichen zu
wollen und diese einzubinden. Dies bestétigt digdtlyese, dass die Stadte gezielt auf Social Media
Marketing setzen, um bestimmte Zielgruppen wie Kutiesucher zu erreichen. Ebenso wird die hohe
Aktualitat des Mediums geschétzt, also ein scheelte einfaches Informieren der Burger.

Die vorliegende Studie sowie die Ergebnisse derdgeing von Schneider (2011) bestéatigen, dass Stadte
und Kommunen durch Social Media eine jlingere Zigipe erreichen, ihren Bekanntheitsgrad steigern und
die hohe Aktualitat des Mediums nutzen wollen. b&den Studien stimmen auch dahingehend Uberein,
dass sich die Stadte einen Kostenvorteil durchirdakternet stattfindende SMM versprechen. Man tspar
vor allem Druckkosten und Sendegebtihren (z. B.&ogir Werbeanzeigen). Ob die Kommunen dabei auch
den zusatzlichen Personal- und Zeitaufwand kalkulmben, kann an dieser Stelle nicht beantwortet
werden. Ein Social Media Marketing Engagement eddr eine standige Pflege, um die Aktualitat zu
gewahrleisten (insbesondere Tweets) oder um auftsP{Sacebook) zu reagieren und kritische
Entwicklungen (,Shitstorm*) frihzeitig entdeckencudarauf reagieren zu kdnnen.

Die Ziele ,einfache und gezielte Ansprache des Big'ysowie ,Der Dialog mit dem Burger / Feedback
einholen” haben bei der vorliegenden Befragungemieils 47 % ,voll und ganz zutreffend” ebenfallaen
sehr hohen Stellenwert fir die Befragten.
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Dies ist durchaus mit der Aussage zu vergleicheialgl) mit Interessierten steht im Vordergrund®, eved

in der BCSD-Befragung eine hohe Anzahl an Zustimgemnaufweist. Jedoch stellt sich die Frage, wie
JInteressierte” definiert sind. Daneben kann aueh@rund ,Dialog mit Kunden steht im Vordergrunditm
dem ,Dialog mit dem Biurger* gleichgesetzt werdenertzeigen beide Studien, dass diese Absicht einen
hohen Stellenwert im Social Media Marketing Engagentder Stadte besitzt.

74 % der Befragten gaben in der BCSD-Befragungdass sie durch Social Media ,Chancen sehen,
Verbesserungspotenziale zu genieren“ und ,Feedbeickiolen wollen. Diese beiden Punkte wurden in der
Befragung in der MRN einzeln betrachtet. Jeweilsegad7 % der Probanden an, dass sie mit SocialdMedi
Marketing ,Dialog mit dem Burger / Feedback einm$lsowie ,Stadt starken* und ,Schwachen starken
betreiben wollen.

Im vorliegenden Fragebogen fand die Partizipaties Birgers nur eine geringe Zustimmung. Dies steht
Kontrast zu der Aussage, dass man mittels SocialidM®larketing die Meinungen der Bevélkerung
einholen moéchte. Der Grund kdnnte eine unterscisiggliDefinition des Begriffes Partizipation seiey din

der Planung beziehungsweise im stadtischen ZusahangrPartizipation eine andere Definition hat vire e
Kommentar eines Users. In der Literatur zu Web &lér Social Media / Social Media Marketing wird
bereits das Bekunden des ,Gefallens” als Partimipaangesehen. In der Planung bzw. im kommunalen
Bereich hat Partizipation eine viel tiefere Bedegtwie lediglich das AuRern einer Meinung. Es béeteu
dass der Burger aktiv im Planungsprozess mitwirid die Entscheidung mitbeeinflussen kann (Streich,
2011).

Der Punkt ,Wirtschaftsférderung betreiben” hat eire geringe Zustimmung. Dies ist etwas verwunclerli
denn gerade jungere Blrger sollen durch SMM angebpn werden. Als Arbeitnehmer oder als
Jungunternehmer ist diese Bevolkerungsgruppe s&dmessant fur die Stadt.

Die ARD/ZDF-Onlinestudie bietet hierfir eine grobmordnung mit der Altersklasse von 14 bis 29 Jahre
Diese Alterskatergorie weif3t 2012 ,zumindest gettliEhe” Onlinenutzung von 99 % auf.

95 93
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Diagramm 2: Onlinenutzung (zumindest gelengtliameuteilt in Altersklassen, in % (Eigene Darsteju@013 in Anlehnung an
(Mende, Oehmichen, & Schroter, 2013))

Allgemein wird deutlich, dass beide Befragungenrelativ dhnliches Bild ergeben. Der Dialog mit B&m

und vor allem den jungeren Birgern steht beim $ddedia Marketing der Stadte im Vordergrund. Sie
wollen Besonderes dem jungen Publikum eine Infaionaplattform bieten, mit der sie mehr tGber died8ta
erfahren kdnnen. Wichtig sind vor allem Konzerted uderanstaltungen, die dieses Publikum auch
ansprechen und eine grofl3e Zahl an Besuchern bend#gdem soll ein gewisses Empfinden fir die Stadt
aufgebaut werden. Es geht den Stadten darum, (d®eiSdcial Media Engagement kostengtinstig ihren
Bekanntheitsgrad zu steigern. Eine grundlegendeschiegbung der Ziele von Social Media im
Stadtmarketing ist seit 2011 nicht zu erkenneni8icler, 2011).

Die vorliegende Befragung von Stadten in der MRMudat eine Analyse nach GroéfRenklassen der Stadte.
Unterscheiden sich die Griinde nach der Gro3e Staett und wenn ja, welche Grinde machen vor allem
einen Unterschied? Einbezogen in die Analyse wurderdie GrolRenklassen, die mindestens finf Bedragt
aufzuweisen hatten, damit einzelne ,Ausreil3er &eirallzu groRen Einfluss auf die Ergebnisse haben.
Betrachtet werden die Angaben fir Griinde, dieadl und ganz zutreffend” von den Befragten angegeb
wurden. Differenziert werden kénnen die Angabendi@ GroéRenklassen 10.000 bis 20.000 (9 Befragte),
20.000 bis 50.000 (6 Befragte) und tber 100.00&v&mmer (5 Befragte).
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Wirtschaftsforderung betreiben

im Netz verbreite Inhalte beeinflussen - Shit
Storm Management

gezielter Einsatz bei Einzelprojekten - stadtische
Bauprojekte

hohe Aktualitdt des Mediums nutzen - schnell
und einfach informieren

Bekanntheitsgrad einzelner Aktionen steigern
(Veranstaltungen/ stadtische Bauprojekte)

Bekanntheit der Stadt steigern / Stadt profilieren

allgemeiner Trend - Neue Medien sind auf der
Hohe der Zeit

jungere Birger erreichen und diese einbinden ]

Social Media Marketing in die gesamt stadtische
Strategie einbinden

Dialog mit dem Burger / Feedback einholen

einfache und gezielte Ansprache des Biirgers

Kostenvorteil gegentber Print- oder Broadcast
Medien nutzen

Stadt starken und Schwachen ermitteln

Private Akteure in die Stadtentwicklung
einbeziehen

Birgerpartizipation durch die neue
Beteiligungsform ‘

0% 25% 50% 75% 100%

E> 1007 Obis 50T W bis 20T

Diagramm 3: Grunde fir die Aktivitét im Social-MeeBereich im Bezug auf die Stadtgrof3e, n= 20, in fge(ie Darstellung,

2013)

In der Tendenz ist klar, dass die grélReren Kommumehr Ziele beziehungsweise ihre Ziele mit groRerer
Intensitat anstreben. Aber es gibt — auch wenn diameringe Zahl der maximal 17 Stadte, die zueties
Frage Angaben gemacht haben, in Betracht zielttragssante Unterschiede:

.Starken und Schwachen ermitteln”: Dieses Ziel Imalfiast) nur die Stadte beziehungsweise
Gemeinden unter 50.000 Einwohner im Blick; diesrdihgs zu 100 %

Dies gilt auch fur das Ziel ,Burgerpartizipationrdly die neuen Beteiligungsformen” sowie ,Private
Akteure in die Stadtentwicklung einbeziehen*

Ebenfalls zu 100 % haben Kommunen zwischen 20.@06000 Einwohnern das Ziel Starken und
Schwéchen zu ermitteln

Kommunen Uber 100.000 Einwohner verfolgen die geteanZiele mit SMM im Grunde nicht

Das Ziel, Jugendliche zu erreichen verfolgen inshdsre die (allerdings sehr zahlreichen)
Kommunen zwischen 20.000 und 50.000 Einwohnern

Die Ziele: ,Aktualitat’, ,auf die Gefahr von Shitstms reagieren konnen“ sowie ,die
Wirtschaftsforderung” werden vor allem von Kommuradm einer Grof3e von 50.000 Einwohnern
verfolgt

Uberraschend ist, dass der Einordnung des SocialiaMi®arketings in die gesamtstadtische
Strategie nur eine untergeordnete Relevanz zu gebvdrd
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0 Lediglich die Halfte (3 Befragte) der Stadte mit@ID Einwohnern nennt dies als Grund, im
Social Media Marketing aktiv zu werden

0 Beiden Grof3- und Kleinstadten wird dieser Grurghsmoch seltener genannt

* Einzelprojekte bekannt zu machen beziehungsweiggamoten, dies wollen zu 100 % die grofRen
Kommunen (lber 100.000 Einwohnern) und die relddiginen (zwischen 20.000 und 50.000
Einwohnern). Mdglicherweise spielt hier eine Robb, eine Kommune im Zeitraum der Befragung
entsprechende Projekte in Vorbereitung hatte

An dieser Stelle wird wiederum deutlich, dass diéff& einer Kommune einen Einfluss auf ihr Sociatiide
Marketing hat. Wahrend die groReren Kommunen ehklasgische” Marketingziele verfolgen
(Wirtschaftsforderung, Stadt- und Eventmarketitgben kleinere Kommunen auch eher ,ungewéhnliche®
Absichten wie Starken und Schwéchen der Stadtraittein und die Burgerpartizipation zu erhéhen.

Das Ziel die Gruppe der Jugendlichen/ jungen Ersactbesser zu erreichen, verfolgen alle Befragtien a
dem Bereich ,Offentlichkeitsarbeit* und drei Vidrtder Befragten aus dem Bereich ,Stadtmarketing®
(Masser, 2013).

5 FAZIT
Social Media Marketing ist in vielen Kommunen berelis Realitat

Social Media wird in unserem Alltag immer praseniie Kommunen als fundamentale Organisationsform
des Zusammenlebens in unserer Gesellschaft korinkrdem Phanomen nicht verschlieBen. Die Arbeit
zeigt, dass viele, aber noch nicht alle Stadte Metropolregion Rhein-Neckar Social Media Marketing
bereits betreiben. Vor allem Kommunen mit tourcdisn Ambitionen erkennen den Nutzen von Social
Media Marketing. Im Gegensatz zu herkdmmlichen Mtrgkanalen (Massenmedien) kénnen durch Social
Media bestimmte Adressatengruppen ganz gezielt,maé3geschneiderten” Informationen angesprochen
werden und das ,rund um die Uhr* und bei laufenlktualitdt der Information. Dariiber hinaus kdnnen
Gruppen erreicht werden, die man mit den etabhef¢adtmarketinganséatzen nur schwer bis gar nicht
erreichen kann. Hier ist insbesondere die Gruppéd.diebis 29-jahrigen zu nennen, die zum Beispiittets
Tageszeitung nur zu einem sehr geringen Teil drbaicsind.

Size Matters — Grole ist ausschlaggebend

Die GrolRe der Kommunen ist fur das Social Mediadgegnent ebenfalls ausschlaggebend. Je groRRer eine
Stadt, desto mehr Social Media Kanéle setzt siaupthnur bei Grol3stadten ist eine Strategie hitksn
Social Media Engagement zu erkennen. Kleinere Konanunutzen Social Media Marketing im Grunde nur
dann, wenn sie spezielle Absichten damit verbindes, heild3t Tourismusmarketing betreiben oder Events
bewerben wollen. Eine SMM-Strategie ist nur bei d&mol3stadten zu erkennen. Gréf3ere Stadte messen
SMM eine wichtigere Bedeutung zu, als es kleineme tDies geht aus der Betrachtung der Ziele und
Zielgruppen, welche durch Social Media Marketinggesprochen werden sollen, deutlich hervor. Die
Umfrage in der MRN zeigt, dass die wichtigsten &jelelche mit Social Media Marketing erreicht werde
sollen ,Bekanntheitsgrad einzelner Aktionen steifjer,Bekanntheitsgrad der Stadt steigern/ Stadt
profilieren* und ,jingere Burger erreichen und @esnbinden” sind. In der Tendenz zeigt sich, dhss
groBeren Kommunen mehr stadtische Marketingzielsebhangsweise ihre Ziele mit mehr Nachdruck
anstreben. Sie verfolgen eher ,klassische” Zieke Sadtmarketings wie Wirtschaftsférderung sowsdtt

und Eventmarketing. Bei kleineren Kommunen finddéoh sauch ,ungewoéhnliche* selten geaulerte
Absichten wie ,Starken- und Schwéachen der Stadtteim* und ,Birgerpartizipation“. In der Regel hab

die kleineren Kommunen, die SMM einsetzen aber istem oder Gaste von Events im Blick.

Keine Revolution, aber Evolution - Social Media Maketing wird sich als Teil des Stadtmarketings
etablieren

Social Media Marketing kann und wird die herkbminéo Stadtmarketing-Tools zumindest auf absehbare
Zeit, nicht ersetzen. Zielgruppen wie Unternehmemaeen eine ,seriose* Ansprache und Plakate sind
immer noch eine ausgezeichnete Werbung flr Veramstgen. In Kombination mit anderen Werkzeugen
des Stadtmarketings eingesetzt, lasst es sichsabergut fir bestimmte Zielgruppen nutzen. Societid
muss in die Marketingstrategie der Kommune integneerden. Auch die Facebook-Prasenz einer Stadt
sollte visuelle Beziige zur Web-Seite der Stadt aig@n, sodass eine ,Handschrift* oder Corporatatitie
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erkennbar ist. Nur so sind die Vorrausetzungeneiile glaubwirdige Vermarktung Uber diese Medien
gegeben.
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1 ABSTRACT1

The aim of this paper is to analyze the relatigngldtween housing values and a set of determinatased
both to the urban environment and to the structthiaracteristics of the housing market, in the opetlitan

area of Cagliari. In order to achieve this aim,amgle of residential properties spread across thanu
context was taken into account. For every singsédemtial unit we study the value of houses, idietias

their estimated value, cadastral value, rent vatakie supplied by the National Observatory on Hestate
Market, and finally sale value as related to factehich are identified as relevant variables iresalstudies
concerning the real estate market.

The adopted approach implies data collection camegrvalue and characteristics of houses. The tiagul
dataset is geocoded and spatially analyzed, irr dodielentify spatial autocorrelation of the valofehouses
and its correlations with respect to the charasties of houses through the hedonic approach.

The methodological approach relates to the firstr fof the six conceptual features of smartnesy, itha
economy, environment, governance, living standarobility and people, that characterize the theoakti
framework which definesmart cities(Vanolo, 2014). Moreover, it can be easily regkchand exported
with reference to other Italian and European urlsamtexts and results could be straightforwardly
comparable. Policy implications of the findings ltbbe a point of reference for future Italian angdean
planning policies concerning housing markets aedriprovement of the quality of urban life.

2 INTRODUCTION

Our interpretive point of view concerning the vabfehouses is that this value reflects the quaftyrban
life. The improvement or decline in the qualitywban life determines benefit or damage to homeasyne
since they experience a change in the qualityfef #ind to landlords, who receive higher or lovests. So,
in our view the value of a house is essentiallgtesl to its character of a composite good, whidboisght
and sold in the housing market as a parcel of ckexiatics, which determine its market price (amarany,
Palmquist, 1984, and Cheshire and Sheppard, 1995).

As a consequence, we propose to study the qudlitfeacconcerning an urban context through the psial
of the housing market where we observe equilibripnaes concerning purchases and sales of parcels of
housing values’s determinants. Such determinamtsgesuped into four distinct categories as follows:
structural characteristics of the residential sitich as unit size, distance from the shorelinalitgtive
indexes accounting, inter alia, for the buildingeaghe apartment level and the maintenance leiel);
neighborhood demographic characteristics (suclesidantial density both in the census ward andercity
district in which the property is located, or thember of foreigners living in the district); iiilgn-related
characteristics (such as the presence of residleotias within a given distance from the propgptgximity
to parks or other green areas, and to common pseéfiaces), and iv. land cover types. In orderrtalyze
the relationship between housing prices and theeafentioned potential constituent characteristes,
pursue an approach based on a hedonic model im trdegure out the general willingness to pay &or
specific commodity among the municipal area of @aig{Sardinia).

This paper is organized as follows. In the thirdtie® we describe the five measures of the valueookes
we adopt in our analysis that is, their estimatatlie, cadastral value, rent value, value suppliedhie
National Observatory on Real Estate Market, and galue. In the following section, we discuss teedf
variables that we use as determinants of the @fimuses, that is, structural characteristics, agaphic

! This essay comes from the joint research workhefauthors. Sections 1, 2 and 7 have been jointigew by the

authors. Michele Argiolas has taken care of se@iamd subsection 4.1. Sabrina Lai has taken daebsections 4.1.1
and 4.2. Corrado Zoppi has taken care of secticansd>6. Michele Argiolas and Corrado Zoppi havetjgitaken care
of subsection 4.1. Sabrina Lai has revised the evhesay and checked for its comprehensive conejsten
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characteristics, plan-related characteristics, amdl cover types. The fifth section presents thdohi
methodology which we use to investigate the retetioetween the value of houses and its determinants

The following section shows the results of thereates of the hedonic regression models which use th
value of houses and covariates in order to anafyaed to what extent, the value of houses isteeldo the
covariates altogether. Moreover, we compare thelteesoncerning the different measures of the value
houses used as dependent variables in the hedamissions. In the concluding section, we disahssyugh
their hedonic prices, the influence of the deteants found relevant on the value of houses. Tliigence
could be taken into account to define future plagnpolicies to increase the quality of urban life.
Exportabilty to other urban contexts and furtheredepments of the research work are discussed lhs we

3 ALTERNATIVE MEASURES OF THE VALUE OF HOUSES

To provide a spatial approach to figure out the eséate market condition is problematic becausbotii
the lack of literature on the topic (Boulay, 20524d the expected uncertainty that characterizds kind of
analysis. After a general investigation on thearatl and regional housing market condition, we tgve
methodology centered on the appraised market \alaesample of properties located in the main erdidl
zones of the Municipality of Cagliari. The follovgrsub-sections refer to the description of the afesudy
and the adopted appraisal approach.

3.1 The metropolitan area of Cagliari

Cagliari is the capital and the major city of tleeend largest island of Italy and of the Mediteeam sea
(Sardinia). The island covers a total area of al2dy®00 km with an overall population of approximately
1,600,000 people in 2012. As shown in Figure 1u@adol150,000 inhabitants reside in the study areh an
about 250,000 in the surrounding municipalitiesTAS). An international airport (Elmas) and one bét
most important cruise and cargo port of the Meditgzan sea provide the metropolitan area with facieaft
transportation infrastructure. This feature, corelinvith the presence of conspicuous historicalddaape
heritage, makes the city attractive as touristidason. as confirmed by the annual increase imtimaber of
international travelers (+15.68%) registered inuday 2014 by the airport managing company (SOGAER).

Municipality Population Somosiaaedon
Assemini 26,607
Cagliari 149,575
Capoterra 23,189
Decimomannu 7,954 lgrésias/Iglesias ‘ SnlaySirrai
Elmas 9,064 A
Maracalagonis 7,592 ;
Monserrato 20,178 "(ég}xan
Quartu Sant'Elena 69,443 Carponia o
Quartucciu 12,947
Selargius 28,643
Sestu 20,044
Settimo San Pietro 6,577
Sinnai 16,852
Uta 8,007

Metropolitan area 406,672

Fig. 1: Population distribution (left) and extensigight) of the metropolitan area of Cagliari (SmirlSTAT).

The economy of the province of Cagliari is baseadorder of importance, on trade and services, imgus
and agricolture. In 2013, a note of the Bank dfyltaported a significant contraction of the regbGDP
(-2.8%) and underlined the awful situation of thenstruction sector caused by both strong decraase i
demand of new residential properties and redudtiopublic investments, as confirmed by the Sardinia
section of the Italian association of building donstors (ANCE SARDEGNA), that registered that the
sector had hit its worst state since the last fgegrs. As exposed below, this economic conditsofuily
reflected in the current state of Cagliari’'s hogsmarket.

2 http://www.sogaer.it/it/archivio-news/930-aeromottaffico-ancora-in-crescita-nel-2013.html [acezbslanuary 21,
2014]
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3.2 Housing market analysis

The latest report published by the National Obderyaon Real Estate Market (OMI, 2013) states that
Italian residential property market is experiencangeriod of strong stagnation characterized hgrafeant
decrease in the number of property transactionsbgral slight reduction in market prices. The repmés
not consider specifically the metropolitan areaCafjliari, but contains some interesting observatianthe
regional level. During the period 2004-2012, Saedimas the Italian region having both the highestual
percentage change in market prices across thenahtomntext (about +7%) and the lowest reduction in
average market prices throughout 2012 (approximat®b%). This particular housing market condition
faces with one of the lowest family income at tladional level and generates a serious housingdatolity
problem. As a matter of facts, during the last eiggars the recorded housing market affordabiliigex
decreased from 12% to less than 4%. Such fallasrskonly to the affordability index decrease regisd in
Liguria. The authors of the report argue that #pscific housing market situation is mainly relatec¢he
current growth of tourism flows and the resultimgriease in the number of new potential foreign baye
interested in purchasing holiday homes. More likebnsidering the report results and the theoryesged

by Shiller (2008) about the US subprime crisis, fogential presence of a housing market bubble can
provide an effective explanation of the currentkeficondition.

We study the housing market of the municipalityCafgliari performing an analysis of the estimatedkaia
values of a representative sample consisting ofe@@tments spread over 18 distinct market areagng
regard to the current real estate market stagnatidrto the consequent general lack of specifresaetional
data, to estimate each property’s market valuesrgiadso the size of the sample, can involve a fiogmit
margin of error. For this reason, we use diffeapyraisal approaches and market price references.

For each property, we collect the relative ovegediss living area [AREA] and evaluate, in qualitatterms,
the potential incidence of the leading quality euéeristics in the formation of property prices.tAsorized
by one of the main national reference on the stulfferefice, 2007), these characteristics can beed in
four categories:

* Localization quality (distance from the city centefficiency of public transportation service, gtyal
of local services, reputation of the area, proymid open spaces or other natural features,
availability of private or public parking lots feenants and guests).

e Position quality (presence and quality of panorawiews, distance from other buildings and
structures / daylighting quality, apartment level).

* Typological quality (building and apartment mairdgaene level, equipment and mechanical system
conditions, building age).

« Economic productivity: potential risk to re-convéne property investment into cash (marketability
risk) and legislative risks. Given the impossipilib access information concerning the property
owners, we assess marketability risk as relatedhéo overall gross living area and consider
legislative risk almost uniform in a given marketa

Incidence  among
suburban  market
areas

Incidence among intermediate market

Quality characteristic category Incidence among central market areas areas

Localization quality from 5% to 10% from 10% to 30% from 15% to 35%
Position quality from 15% to 25% from 10% to 20% onfr10% to 25%
Typological quality from 15% to 30% from 20% to 25% from 5% to 20%
Economic productivity from 25% to 35% from 10% &2 from 10% to 20%
Overall incidence from 60% to 100% from 50% to 100% from 40% to 100%

Table 1. General incidence of quality characteristitegories among central, intermediate and saburiarket areas.

Variable Definition Mean St.dev.
EST_VAL  Market value (€/m2) estimated through regien analysis (source: 2013 direct survey) 2,2I719.704.02
CAD_VAL Cadastral Assessed Value (€/m2) (sourc&3€adastral register of the city of Cagliari) BM. 294.76
OMI_VAL Market value (€/m2) estimated through a\gganarket values range (source: OMI) 2,325.56 &0.7
RENT_VAL Rent value (€/m2 for month) estimated through ayerent values range (source: OMI) 7.84 0.62

SUPP_VAL Average list price (€/m2) recorded frorheatapartments for sale (source: 2013 direct sjirvey  2,515.00 308.59
Table 2. Definition of alternative variables used fiousing market analysis.

Orefice theorizes three general levels of incidemfethe above mentioned categories of quality
characteristics, depending on the localizationhef iharket area (Table 1). By means of the markieesa
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range published by OMI, we adopt the describedityuahluation to appraise, for each house, its mark
value [OMI_VAL] and rent value [RENT_VAL].

In addition, we consider another market value dtgdim [EST_VAL] by estimating a linear regressioor f
each market area. For this estimate, we considetaset based on a survey concerning residentpkpy
sales carried out in 2013. Considering the markeepas the dependent variable and the qualityhef t
features as the explanatory variable, we asses®lgonship between prices and quality for eactnket
area. Subsequently, we make use of the resultgrg@ssion line to define the market value for eaicthe
304 apartments. Moreover, we appraise the cadastha¢ [CAD_VALUE] for each single apartment, by
means of the on-line evaluation service providedhayltalian CadastreFinally, we estimate the list price
[SUPP_VAL] by considering a sample of list pricebserved during the first semester of 2013 and
comparing each property with the nearest detegiadraent for sale.

As reported in Table 2, the difference between this average market values estimated by means of
different approaches ([EST_VAL] and [OMI_VAL]) isohimportant (about 2%) compared to supplemental
costs related to ordinary property transactiores faxes, mortgage fees, realtor’'s entitlements).ethe
mean list price [SUPP_VAL] is approximately 10.3qent higher than the lowest detected mean market
price [EST_VAL], against a national average of 1pecent. The recorded mean ltalian cadastral value
[CAD_VAL] cannot be considered representative @& tkal estate market. As a matter of facts, it ésem
than three times lower than the mean market vdlB8T_VAL] and [OMI_VAL]) and, in addition, the
average assessed month gross rent [RENT_VAL] prgsen pair with [OMI_VAL], the lowest relative
standard deviation among the estimated market salligs issue is related to the use of a generdkeha
value reference (the OMI report) for the apprapsakess. Finally, the average gross living avesaga of

the sample (109.43 m2) is consistent with the ayegross living area recorded for the provincigliteds of

the main ltalian islands (103.5 m2) (OMI).

The general spatial configuration of the housingkatin Cagliari is shown in Figure 2. In the Naéstern
sectors of the municipality we detect an averagemarket value up to 2,000 Euros per square nigfer
and in the Central and Northwestern areas betwg@@® 2nd 2,500 (M). Finally, in the Central and Yeas
parts we observe the highest average unit marlkeé vaorresponding to 2,500 Euros per square nasier
over (H).

=/ /,“

Db

Fig. 2: Average market value ranges detected imtba of study.

® http://lwww.agenziaentrate.gov.it/wps/content/NgNsi/Home/Servizi+online/serv_terr/senza_reg/Ctiagione+ren
dit e+catastali/

“ The reported national average difference refetiecaverage gap between the first offer pricetandelated market
price, recorded in municipalities with a populatfo250,000 inhabitants (source: Bank of Italy EurtesysStatistics).
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4 FACTORS INFLUENCING THE VALUE OF HOUSES

4.1 Discussion on factors

In the literature (among many, Palmquist, 1984,sbive and Sheppard, 1995, Kiel and Zabel, 1999piZop
2000), a widely accepted classification of factoruencing the value of houses distinguishes those
intrinsically belonging to a particular house ahdge belonging to the house’s neighborhood. Pakhqui
(1984) uses thirty-two variables to define the eatd houses in seven United States metropolitategts
Twenty-three factors are related to a housing wiiile nine determinants concern the neighborhobdres

a house is located. Housing unit-related factoduge, for example, finished interior area, numbér
bathrooms, year of construction, etc., while chi@réstics related to the house’s neighborhood aasviad
from the census data with reference to the censues$ where the house is located, e.g., median &ge o
residents, percentage of workers that has a blite/wbllar job, population classified as non-whaéed so

on. Cheshire and Sheppard (1995) use a similaoapprto the definition of the set of factors, theyt add
characteristics related to the zoning rules establi by municipal Masterplans and urban land sses$) as
industrial land, land for new residential develomise open space for leisure.

Characteristics of housing units and of the neightbods where houses are located could possiblyther e
positive, in which case they are considegedds or negative, in which case they are considesats Since
the characteristics of neighborhoods where housedoaated are locally intrinsically non-excludalaled
non-rivalrousthey can be considerguliblic goodsor public bads The more the quantity of a public bad, the
less the value of houses in the neighborhood, &edwersa. Under this perspective, Zoppi (2000)yaes
the quantitative negative impact of widespreadgdlebuilding activity on the value of houses in the
metropolitan area of Cagliari (Italy) by consideriiilegal buildings as a public bad, that is, a ateg
characteristic of the neighborhood where a houkxaed.

In the light of the essays quoted above and of nmhgrs which deal with the issue of the deternmtinaf
the value of houses, in this paper we use theviatip taxonomy of the characteristics of housestructural
characteristics of the residential unit; ii. neighibod demographic characteristics; iii. plan-redat
characteristics, and iv. land cover types.

Structural characteristics of houses are collettiealigh interviews to real estate agencies, laddlaenters
and homeowners, and through direct observatiorelygunore reliable estimates could have been obdain
had more precise and standardized databases, sulbh American Housing Survey, been available, wvhic
is not the case for ltaly.

Finished interior area is a characteristic of adeodependent on the prevailing architectural bugidi
typologies in a given urban region, which in tussirictly linked to the way urban planning hasrbee
historically implemented. Where urban planning Ipasjected intensive building activity, that is, &sn
characterized by high densities of resident popuiatarchitectural typologies generally consisttali
buildings with several stories. In these casessé®lhave small interior areas. Moreover, ther@mged
space for parking since up to the 1980s, when s explicitly forbidden, what had been originally
projected as parking areas were often sold as stgpgpeas. On the other hand, in the zones chaizade
by extensive residential urbanization densitieslaneer and houses are located in one, two or thres-
buildings. In these cases finished interior ardariger and buildings usually have large parkireparin their
courtyards. A question that is widely recognizedha literature, with reference to finished interftoor
area, concerns the functional behavior of the vafu®uses with respect to finished interior afamquist
(1984, 397) observes that: “one characteristic ireguspecial attention. It would be anticipatedt ttee
number of square feet of living space would notptyithave a linear effect on price. As the number of
square feet increases, construction costs do nm¢ase proportionally since such items as wall dceaot
typically increase proportionally. Appraisers haweg known that price per square foot varies wihih $ize
of the house.” As a consequence, in our discussimuld be expected that the value of housesgsatneely
correlated to finished interior area, since we esggiit as the value per unit of finished interieaa

Two quality factors related to typology and pogiticepresent two intrinsic features of the property.
Typological quality regards the physical charastars of the house and, in most aspects (i.e. ewédmice

® In the first part of Palmquist’s citation “pricés the price a house is offered for sale. In thipgy, we consider the
value of houses per unit of finished interior area.
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level and quality of construction), can be improvied property owners. Depending on the buyer's
willingness to pay, the value added or lost byyiag or not carrying out these improvements maywath

the related cost. For example, to renovate anmpattby providing high-end quality finishes canabeost-
rewarding operation in a prestigious district. Ifess qualified market area, where potential buystslly
are not interested in supporting the marginal obshis improvement, the same process has a morted
influence on the value of the apartment. Consigetime state of the regional housing market and the
multifaceted Italian taste in design and materisédlers are used to sell the property “as it igdiding the
risk of supporting additional costs without meetthg expectations of potential buyers. Convergmgjtion
quality cannot be improved by property owners aasl & significant influence in price formation, espky

for residential units located in multistory builgs In these cases, features like “presence ankityqoh
panoramic views” or “daylighting quality” can diffgignificantly according to the apartment level.

Finally, we include the distance from the seashioréhe case of Sardinia, an island which coincidél an
administrative region of Italy, the distance frohe tcoast is of particular importance, since thealed
“coastal strip” (CS) is defined in article 19 ofettiPlanning Implementation Code (PIC) of the Rediona
Landscape Plan of Sardinia (RLP, approved by thgidRal Government of Sardinia in 2006 ) as a
“strategic resource, vital for the achievementustainable development in Sardinia, that requinésgrated
planning and management.” Under article 20 of th@, Rs a general rule, new development of land and
transformation of current land uses are not allowedhe CS. Some exceptions to the general rule are
allowed, provided that municipalities and develspabide by regulations and procedures given byte
Due to these particular restrictions in force ia @S, it was believed that the amount of munidipadl area
included in the CS could be a relevant impact facto the ability of cities and towns to spend funds
allocated for public services and infrastructureg@ and Lai, 2013). So, a proximity-to-coast effeculd

be expected, since coastal land is demanded farefudevelopment. If land-taking processes related t
tourism development are forbidden, it seems vesinbe that land take will occur in the proximit/the

CS or in the parts of the CS where exceptions bBoeved. This argument is discussed with referermca t
different spatial context, by Dewi et al. (2013)avfound that the establishment of protected af€&slike
areas) in Asian and African tropical forestry regiadetermines an increased exploitation of the imalrg
lands just outside the protected areas. If a pribyita coast effect does occur, the value of housis
increase as distance from the coast diminishes.

Neighborhood demographic characteristics are drénm the most recent demographic survey made
available by the municipality of Cagliari. We cahsi population density, whose correlation with deda
for new houses, which could possibly put in evidelacpositive agglomeration effect, is underlined by
several studies (Sklenicka, 2013; Guiling et aQ2 Forster, 2006). Population size and the pesenh
foreign residents, mostly coming from underdevetbm®untries, are the other factors we include as
determinants of the value of houses. The valueoafsbs is expected to be positively correlated & th
presence of foreign residents, whose presenceytbirgg else being equal, is expected to increase th
demand for houses, while there is no prior expectatelated to the effect of population size, since
concentration could cause a negative effect ingarhpossible shortage of public services and stfuature
due to overcrowding, but also positive impact, simxcess demand for houses could raise their market
value.

Plan-related characteristics are the featureseohénghborhood where a house is located whichedaged to
the zoning rules of the city Masterplan. We cldsn into the following categories, identified irethoning
rules through acronyms in parentheses:

« historic center zone (“A” zone);

* residential completion zone (“B” zone);

* residential expansion zone (“C” zone);

e enterprise zone (“EZ” zone);

e parks (open-space leisure areas, "S3" and recn@atiG” zone);
* mixed use zone (industrial and service areas, Ztfie).

The surveyed houses are located either in theritistenter zone or in the residential completiomezo
where steady residential development has takerepldouses in the completion zone are more recent,
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affordable and, at least to some extent, consuluti®ugh social housing projects so their valuexisected
to be lower, everything else being equal.

The historic center zone is a single, dense anttaiearea in the urban fabric; it dates from theltle Ages
and hosts buildings important for cultural, artiséind historic reasons. Specific rules apply te #rea, in
order to avoid an increase in built volume, preseahe facades and control the building uses. Thaliagity
of the historic center zone is that it is not adestial zone. Rather, it is a mixed-use zone, Wwiaotails
public services, commercial and residential uség "B” zones are built-up areas which consist nyaofl
dense residential blocks. A partially-built aregénerally considered to belong to a “B” zone whsrarea
is smaller than 5,000 square meters and more ttgfhpercent of the volume has already been budtaA
general rule, on a single building lot belongingat® zone, building is limited to 3 cubic meters pguare
meter.

Variable Definition Mean St.dev.

Characteristics of housing units, vector HUNIT in (5)

AREA Finished interior area (fn(source: 2012 direct survey) 109.43 34.89

Q_POS Position quality (presence and quality of panorawiews, distance from other buildings andl.52 1.84
structures / daylighting quality, apartment level).

Q_TYP Typological quality (building and apartment mairgene level, quality of construction, equipment19 1.41

and mechanical system conditions, building age).

DISCOAST Distance from the coastline (m) (source: SpatialaBet of the Regional Geographic Informatidv88.15 877.80
System of Sardinié)

Demographic characteristics of the neighborhood where a house is located, vector DEMOG in (5)

DENSITY Population density in the Census tract (residemd/ksource: 2001 National Survey of the Italian

National Institute of Statistics concerning popigiatand houses) 21704.12  10632.79
FOR_2012 Foreign residents in the neighborhood (foreigndersis) (source: 2012 Survey of the Municipality of

Cagliari) 354.17 203.23
RES_2012 Residents in the neighborhood (residents) (so@@#2 Survey of the Municipality of Cagliari) 7648.2 2978.05
Plan-related characteristics of the neighborhood where a houseislocated, vector PLANREL in (5)
PL_ZONE Dummy, location in a residential completion areau¢se: Masterplan of the City of CagliariQ.12 0.33

available at: http://www.comune.cagliari.it/portitipuc.wp [accessed January 21, 2014])

A_ZONE Area of the “A” zone in a buffer of 150 m aroune tlocation of a house @n(source: Masterplan 0f4753.14 11935.82
the City of Cagliari, available at: http://www.comeicagliari.it/portale/it/puc.wp [accessed January
21, 2014))

B_ZONE Area of the “B” zone in a buffer of 150 m aroune fbcation of a house @n(source: Masterplan 0f33033.85  14514.09
the City of Cagliari, available at: http://www.comeicagliari.it/portale/it/puc.wp [accessed January
21, 2014))

C_ZONE Area of the “C” zone in a buffer of 150 m aroune thcation of a house @n(source: Masterplan 0f400.78 2262.48
the City of Cagliari, available at: http://www.comeicagliari.it/portale/it/puc.wp [accessed January
21, 2014))

EZ_ZONE Area of the “EZ” zone in a buffer of 150 m aroute focation of a house @in(source: Masterplan678.98 3287.24
of the City of Cagliari, available at: http://wwwimune.cagliari.it/portale/it/puc.wp [accessed
January 21, 2014])

MIXUSE Percent area of the “IS” zone in a buffer of 15@&mund the location of a house (percent) (sourt@:66 11.78
Masterplan of the City of Cagliari, available attph//www.comune.cagliari.it/portale/it/puc.wp
[accessed January 21, 2014])

PARKS Area of the “S3”and recreational “G” zones in afbubf 800 m around the location of a housé)(n24.17 13.68
(source: Masterplan of the City of Cagliari, aviaiia at:
http://www.comune.cagliari.it/portale/it/puc.wp @Essed January 21, 2014])

Artificial land cover of the neighborhood where a houseislocated, variable LANDCOV in (5)

LC_URB Artificial surfaces, urban fabric in 2008 fjn(source: CORINE Land Cover Map of Sardinia — 2008

Edition, level 2, code 1.1) 64577.89  9560.18
Spatially-lagged dependent variable (see paragraph 4.1.1)
AUTOCORR Spatially-lagged dependent variable, spatial ldggnables reported in Table 2 -0.01 0.41

Table 3. Definition of characteristics of housed afneighborhoods where houses area located, eswtigtive statistics.

The surveyed houses are located either in therlustenter zone or in the residential completiomezo
where steady residential development has takerepldouses in the completion zone are more recent,
affordable and, at least to some extent, consuluti®ugh social housing projects so their valuexisected

to be lower, everything else being equal.

The historic center zone is a single, dense anttaiearea in the urban fabric; it dates from theltlé Ages
and hosts buildings important for cultural, artistind historic reasons. Specific rules apply te triea, in
order to avoid an increase in built volume, pres¢he facades and control the building uses. Theligeity
of the historic center zone is that it is not adestial zone. Rather, it is a mixed-use zone, twiantails
public services, commercial and residential usé& "B” zones are built-up areas which consist nyaofl
dense residential blocks. A partially-built aregyénerally considered to belong to a “B” zone wherarea

® Available from the Regional Geoportal, at: httpwitv.sardegnageoportale.it/index.html [accessedalgrad, 2014].
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is smaller than 5,000 square meters and more ttgfhpercent of the volume has already been budtaA
general rule, on a single building lot belongingat® zone, building is limited to 3 cubic meters pguare
meter.

The “C” zones are either non-developed or partidéyeloped parts of the city (where less than 30gm
of the volume has already been built) bound to dmdential areas. Restrictions on built volume fare
stricter than those imposed in the B zones andléqua5 cubic meters per square meter per builéting
Furthermore, in order to obtain a building pernaesia plan must be approved by the local munidipali
This plan must indicate the spatial distributiortte# building lots, as well as a portion of thesanehich has
to be handed over to the municipality, in ordebtdld public services and infrastructure. The sifehis
area depends on the estimate of the number ofutiieef residents, which is estimated on the basthef
amount of the housing volume, therefore on the rattimaximum volume to the area of the lot.

The “EZ” zones are either non-developed or paytidiveloped parts of the city where an integratibn
different functions (residential buildings, pubfacilities and recreational areas) is required. €&ach EZ
zone, the city Masterplan sets specific rules @andbmbination of functions. For instance, in an Z6ie
important for environmental reasons a maximum gfe3&ent of the area is available for housing araad,
a 0 percent for public facilities, while a 65percéias to be reserved for recreational areas. Angéo
residential EZ is characterized by a 93 percenpertent - 0 percent combination. An EZ zone |atéte
spoiled city outskirts is characterized by a 7&pst - 30 percent - O percent combination.

There is no prior expectation on the effect of plalated characteristics on the value of housesmxwith
reference to the presence of parks and mixed-@ses &m a house’s neighborhood, which should inerdzes
house’s market value.

The last characteristic is related to land covée Tand cover map of Cagliari was drawn from the&I@&nd
cover maps of Sardinia made available in 2008 by S8ardinian regional administratibnwhose
nomenclature is based on that of the inventoryaofilcover carried out in the frame of the European
programme COoRdination de I'INformation sur I'Eramnement (CORINE).

We consider artificial (urban fabric) surfaces lué neighborhood where a house is located. There @ior
expectation on the effect of this characteristictlom value of houses, since a higher level of udadion
can, to some extent, raise environmental and sqaiglity of urban contexts, but it could be relatedhe
negative impact of services’ and infrastructure/erarowding as well.

Finally, we consider a spatially-lagged dependaniable as a covariate related to the spatial aatelation
of the dependent variable. This question is dismigs the following paragraph.

Table 3 shows the variables which describe factelasted to the value of houses and their desceptiv
statistics.

4.1.1 Autocorrelation-related spatially-lagged dependemiable

If the value of a variable defined with referencetspatial unit, such as a point where a houkeEaed, is
correlated to the values it takes in the closefisuthe variable is characterized by spatial aart@tation.
Spatial autocorrelation of the dependent variablespatial regressions produces biases in the nsodel
estimates. This issue can be addressed by addiggatially-lagged dependent variable to the set of
covariates (Anselin, 1988; 2003). The presencepatial autocorrelation of the dependent variablea of
model, that is the values of houses described enptievious section is detected through the Mortess
(Moran, 1950; Anselin, 1988). The Moran’s test aming the spatial autocorrelation of a variable/bich
takes values over a finite number of spatial units 1, ..., N, is based on a statistic | definedf@lows:

_ o D Wiy (a0 —x

T Yilxi-x) ' (1)

I

" The 1:25,000 “New Land Use Map of the Region afiiga - 2008 Edition” is actually a land cover rsahat covers
the whole island. Data were obtained mainly fronotpkinterpretation of aerial photographs, satelliteges, and
orthoimages, but other vector data sets (e.g.onagidigital cartography) were also used, togettidr on-site surveys.
The maps’ minimum mapping unit (Longley et al., 20@51) equals 0.5 ha in urban areas and 0.75 haahareas.
Both maps can be freely downloaded from http://wsardegnageoportale.it/index.php?xsl=1598&s=14146P&c=
8831&t=1 [accessed January 21, 2014].
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where j=1, ..., N, X is the mean of the componefiteector X, Wij is equal to 1 if spatial unit i gpatially-
related to spatial unit j, O otherwise, and S isiaégo X, EJ,- W;;. The test assumes that i is normally

distributed with a zero mean in case no spatiaba@utelation occurs, which is the null hypothedigsha
Moran’s test. If the p-value of the test is lowleann 5-10%, a spatially-lagged dependent varialbeldhbe
added to the set of the covariates in order to nth&emodel unbiased, since it is very possible that
values of the dependent variable are spatiallycautelated. The spatially-lagged dependent varjataeed
AUTOCORR in Table 3, is defined as follows (Anseli®88; 2003):

AUTOCORR, = ¥, W, 2
wherei,j=1, ..., N.

The application of the procedure described sodasur study implies the implementation of the Mdsan
test. We implement a set of Moran’s tests usingd@&by assuming, alternatively, that Wij of (1) is atjto

1 if the distance between house i and house gistlean 500 meters. The reason we choose thisiclsia
that the p-values of the Moran’s test for the aktive dependent variables described in the prevéegtion
show a peak at 500 meters, so spatial autocoomrlataximizes its significance at 500 meters.

Table 3 shows the results of the Moran’s testsiffgrdnt distances. Descriptive statistics of AUTORR
are shown in Table 2.

4.2 Spatial analysis of factors

For each of the 304 apartments in the sample, ahee\of nearly all of the characteristics listedTable 3
(except for AREA, Q_POS and Q_TYP, which were asdsfor each apartment, by means of on-site
surveys) was calculated by performing some kinGI&-based analysis, as none of them were avaitafile
the shelf”. This also meant that various data (bgg¢bgraphic and non- geographic) were collated from
different sources (accounted for in Table 3) andsdme cases, also pre-processed. In most casebaGeéd
analyses consisting of combinations of buffering dasic geoprocessing operations were performed. Th
made it possible to develop a geographic datasetafculate the value of each characteristics &mhe
apartment, and to analyze their spatial distrilmgtio
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Fig. 3: Spatial distribution of some of the chaeaistics of houses.

8 Version 1.4.6. Available at https://geodacenteredu.
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The spatial distribution of four of the potentia@tdrminants of market prices is shown in Fig. 3thia top-
left map (AREA), larger and paler points show thealization of apartments taking the highest vahfdte
finished interior area, by using the zoning scheofiethe municipal land-use plan of Cagliari as a
background. In the top-right map (PARKS), larged galer points correspond to apartments surroubgied
larger amounts of open-space leisure areas; thissimaws a clear spatial clustering of the valuet) the
central part of the city (also comprising the histaistrict) taking low values, albeit not the lest, as these
form three distinct clusters around the central (iao to the West and one to the North-East). Birlyi, the
bottom-left map puts in evidence that the factolRE@012 is spatially clustered, meaning that foreign
mostly live in the central districts. Finally, thettom-right map shows the distribution of the shte
DISCOAST, accounting for the distance of each apamnt from the shoreline.

5 THE HEDONIC METHODOLOGY

The hedonic methodology considers quality of urbBnas a phenomenon embedded into the value of
houses through their characteristics. Accordintheohedonic approach, a house is a parcel of gddds.
means that a person who buys a house, buys a lEsketenities (Thaler and Rosen 1976; Dickens 1984;
Gegax et al., 1991). What is paid is the arithmstim of what the buyer is willing to pay for eadhtlue
amenities or is willing to accept as a refund facte of the bads contained in the basket (King, 1976ve
consider this methodology on the supply side, eder sells a bundle of goods and is willing toegt@a
price that is equal to the arithmetic sum of thieies of each contained amenities or bads (a negptige in
case of a bad). Assuming the housing market ta kegjuilibrium, that is, assuming that the markeeath
amenity or bad is balanced, the price of each ameni bad represents an equilibrium price between
willingness to pay (demand side) and willingnesadoept (supply side). Each determinant can bejastd

as a component of the bundle of goods containdteifmousing unit and its price cannot be obserieat ity
from the housing market; however, it can be esthats a component of the housing price througtctdire
observation of the housing market. This quasi-ntgpokiee is called a hedonic price and the functidrich
expresses the housing price as dependent on tméitegsaof the amenities or bads contained in thgkbt
containing the housing unit is called a hedoniccfiom (Ridker and Henning, 1967; Brown and Rosen,
1982; Cropper and Oates, 1992).

The basket of goods a person buys in the housingetnean contain not only amenities, but also uindds
characteristics, that is, bads. The higher the tifyaof bads, the lower the housing price. In otherds, the
basket paid for by the buyer contains some undadsicharacteristics, which decreases his/her witless to
pay.
Hedonic functions have the following form:
WTP =h (A,B)

3)
WTA =g (A,B),

where: WTP is the total willingness to pay for aib® (demand side) and WTA is the total willingntess
accept a payment for a house (supply side); A V®a@or of amenities or bads that are included & th
housing unit; B is a vector of characteristicsh@# heighborhood where the housing unit is locat¢dP is

the hedonic demand and WTA is the hedonic suppigtian. If the housing market is in equilibriumgth
observed price of a house is equal to the willisgneo pay for that house (demand side) and to the
willingness to accept for that house (supply sitte}he same way, the marginal willingness to gdy\TP)

for each amenity or bad contained in that housgjigl to the marginal willingness to accept (MWTAhis
equilibrium price is the hedonic price of that amer bad. Notation Hpindicates the hedonic price of
amenity or disamenity i, i=1, ..., n.

In model (3), there are two hedonic functions, forethe demand side and one for the supply side. Th
estimation of these two functions implies the alality of data on willingness to pay (buyers) and
willingness to accept (sellers). Data on the supgide must be collected by directly interviewindiess,
which is a very cumbersome task. Blomqgvist and §oK1981) have suggested assuming the supply of
characteristics as perfectly inelastic at any locatin this case, only one of the two equationsnoflel (3)
must be estimated. Palmquist (1984; 1991), Bloeksth al. (1991), and Graves (1991) have studied a
modification of model (3) which reduces the numbérquations to be estimated by taking data on the
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housing market transactions instead of willingrtesgay. The dependent variable in the hedonic fands
the market price of houses which expresses amattaquilibrium between demand and supply. Utitjzin
data regarding the housing market instead of dat&ilingness to pay and willingness to accept oeduthe
hedonic function to a function, P, which expresbesequilibrium of the housing market as follows:

P =1(AB). 4)

If a change in the required quantity of an amewitybad does occur, the value of the change can be
calculated by multiplying the hedonic price of traenity or bad by the quantity change.

The hedonic function operationalizes equationsvtf) the form:
PRICE =B¢+3;HUNIT+3,DEMOG+33;PLANREL+3,LANDCOV+B;AUTOCORR+, (5)

where the dependent variable, PRICE, is one ofitleealternative measures of the value of housdiseld

in the third section (see Table 2), HUNIT, DEMOG,ANREL and LANDCOV are the vectors of
characteristics of a house (HUNIT), and of a hosisetighborhood (demographic, DEMOG; plan-related,
PLANREL; artificial land cover, LANDCOYV), discusseth the fourth section (see Table 3), and
AUTOCORR is the spatially-lagged dependent varmbiefined through the procedure described in
paragraph 4.1.1 (see Table 3).

6 RESULTS

We estimate the five linear multiple regressiondidated in (5), using the five alternative dependen
variables discussed in the third section. Resuttscerning the cadastral value of houses are almost
completely non-significant. Moreover, the goodnet§t of the regression is quite lower than in thider

four cases, since adjusted R-squared is less thaertent. So, we can conclude that cadastral siahdgch

are the values property taxes are based upon, deepresent effectively the value of houses, asas
expected. This outcome indicates that a comprefersid equity-oriented reform of cadastral valued a
related property taxes is needed, and that anteffeanalysis of the factors influencing the vabiehouses
cannot be related to the actual cadaster’s. Thdtsesf the other four regression models are quotesistent
with each other (see the synthesis shown in Tgble 4

The coefficients of the variables related to theucdtiral characteristics of houses are almost away
significant (p-values less than 5 percent) and stm@rexpected sign. The only case three out of ddtinem
are not significant (p-values greater than 10 pejces the model where the dependent variable és th
average list price recorded from other apartmemtsdle (SUPP_VAL). Distance from the coast is gbva
significant and presents the expected sign, soameconclude that proximity to the seashore is dribe
most important factors which influences the valbibauses in the municipality of Cagliari.

Among the variables related to the demographic asttaristics of the neighborhood where a house is
located, density is significant just in one cas8 {EVAL), and it shows the negative sign, which iimplno
agglomeration effect. A positive sign, which coplassibly be related to an agglomeration effectsdmeur
only in the case of the model which uses rentale/d RENT_VAL) as dependent variable, but the esema
of the coefficient is not significant (p-value hegithan 10 percent). The coefficients of the vaesielated

to the presence of foreign residents (FOR_2012) tandopulation size (RES_2012) are almost always
significant. The sign of FOR_2012 is consistenthvékpectation, while the RES 2012’s sign is negativ
which indicates that the higher the concentratibresidents in the neighborhood where a housecistéal

the less the quality of the urban environment, ibhsslue to shortage of public services and infrasture.

Plan-related variables show significant estimately i three cases: PL_ZONE, EZ ZONE and PARKS.
The value of houses located in the historic ceistétigher than the houses located in the compleireas
(dummy variable PL_ZONE), and the presence of pnts zone areas in the neighborhood of a house
implies a negative marginal effect on the valughaf house, which could be explained by the uncugtai
which characterizes the future residential and iputrvices and infrastructure lay-out of these-yat
urbanized areas.

As it was expected, the variable related to presehpublic parks in the neighborhood of a houssRRS)
is always positively correlated to the value of $&sj and significant in three out of four caseghMg can
be stated with reference to the other plan-relageibles, except in case of A_ZONE, which hasgatiee
and significant effect on the variable relatedite market value of houses (EST_VAL), while in tlieeo
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three cases the effect is negative, but not siganfi which indicates that houses closer to thetiéscenter
are comparative less valuable, which may possiblgiplained by observing that historic areas otttyeof
Cagliari are often characterized by old urban falwith lots of obsolescent buildings, roads andlipub
areas, which could make the location of housesatsactive, everything else being equal.

Dependent variable
Covariate |-EST_VAL OMI_VAL RENT VAL SUPP VAL

Sion (49| & 109n0), 59" )| o100y 59" 9| oaomenio) 97 49| Ea0mn0)
AREA - 5% - 5% - 5% - NO
Q_POS + 5% + 5% + 5% - NO
Q_TYP + 5% + NO + NO + NO
DISCOAST | - 5% - 5% - 5% - 5%
DENSITY |- 5% - NO + NO - NO
FOR_2012 |+ 5% + 5% + NO + 5%
RES_2012 |- 10% - 5% - 5% - 5%
PL_ZONE |- 5% - 5% - 5% - 10%
A_ZONE - 5% - NO + NO + NO
B_ZONE - NO - NO - NO - NO
C_ZONE - NO - NO - NO - NO
EZ_ZONE |- 10% - 5% - 5% - 5%
MIXUSE - 5% - 5% - NO - 5%
PARKS + NO + 5% + 5% + 5%
LC_URB + NO + NO - NO + NO
AUTOCORR + 5% + 5% + 5% + 5%

Table 4. Synthesis of regression models’ estimaiga: and significance. If a coefficient’s estimaaot significant either at 5% or
at 10%, then we put a “NO” in the significance aofu

Finally, the land cover-related variable (LC_URB)iever significant, while the spatially-lagged elegent
variable is always positively and significantly agated to the four dependent variables, as itexpected.
We have also estimated the log-linear specificatiohthe five regression models discusses in tafep
which gave results quite similar to those propdsetthis section, even though with a slight loweodoess
of fit. We omit the detail of these estimates idaarto comply with the established length of thpgra

7 DISCUSSION AND CONCLUSION

In terms of policy planning concerning the housimgrket it can be observed that a reduction in thimmugh
the division of large apartments (greater than 4G0are meters) in two or more residential unitslccou
increase the value of houses, since the variablEAARecreases. The reason is that reduced-size hanse
cost-rewarding and allow for effective functionatovery of apartments, whose living area otherwseld
be not appropriate for current needs. The varigbl®OS has a significant relationship with the depanh
variable EST_VAL, but it should not be effectivétyrgeted for housing policies.

Some aspects of Q_POS, such as the presence ohpaceiews, are related to other independent abesa
such as DISCOAST or PARKS; the variable has a diiarspatial variability, since Cagliari spreadsacss
seven hills. Moreover, even with reference to thee building, for any residential unit that ovekedhe

sea or has an excellent sun exposure, it is pessibidentify a wide gradient of position qualigvels
depending on the apartment level and expositionaddition, position quality usually has its highest
influence in price formation in case of high-qualdistricts, where it is very possible that it werlis a
specific market segment determinant. For theseornsasQ POS must be considered as a factor that
generates a general market appreciation of pogjtiatity.

The variable Q_TYP shows a significant correlatith EST_VAL as well, and produces an increasée t
value of residential properties. As stated abowmesfeatures of typological quality of houses (beilding
and apartment maintenance level, quality of contitrn, equipment and mechanical system conditioan)
be improved by landlords and homeowners dependirthar cost-effectiveness or personal needs ctlate
the use value. In order to increase cost-effecisermargin, policies that focus on improving thality
level of neighboring urban spaces, with particukfierence to green and transportation facilitiesy kead
landlords and homeowners to renovate private amdnmamn parts of their building. Such kind of public
investment can possibly have a direct impact on lteal community by both encouraging private
development and improving citizens’ quality of life
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In the rest of this concluding remarks we use Gl8amment and discuss policy implications of owutts
through some spatial representations. Such GlSdhaggesentations are easily reproducible withreefee
to other urban areas, provided that the value@ttiaracteristics here analysed are availabletheydallow
for a pretty straightforward spatial interpretatmirthe results.

We started by simulating a “what-if” scenario byildimg upon the results of the linear multiple reggion
that uses EST_VAL as the dependent variable: foh epartment, we estimated the magnitude of thadtnp
on the variable EST_VAL, that is the percent chatigg would occur if a single explanatory variable
(among those that are generally significant, awshis Table 4, and that can be driven in some way b
means of appropriate policies, that is, the ardh@house, AREA, the distance from the coast, 8ST,
and the endowment of recreational areas (PARKS)rwadased by a given quantity — that is, ten pdiles

in that variable’s distribution.

Figure 4 presents the results of this processgtbatest change in market price is produced byamphting
policies that increase the variable PARKS, as ESAL Yould increase up to 6.61 percent if the valtiths
characteristic increased by ten percentiles (Figyreenter); as the map shows, the market priceldvou
increase unevenly across the city, as both the dbwad the highest variations are strongly clustere
Policies affecting either the characteristic AREA the characteristic DISCOAST would produce a
consistent decrease in market prices, but not gifisant (in quantitative terms) and not as spigtia
clustered as that produced by varying the valuPARKS. Such spatial representations provide detisio
makers with clear indications on which are the thesssible areas that policies should target ieorto
affect market prices.

The results obtained with reference to Cagliarniisam area allow generalization for two reasonsti@rone
hand, no similar empirical studies have been impleied to analyze the determinants of the valueo$és

in other Italian conurbations by means of the hed@pproach. This is most likely due to the scarce
availability of data to implement this evaluati@n the other hand, it is not possible to compagesttuation

of the urban area of Cagliari to a situation in abha more flexible, participatory, faster and battop
planning process was implemented. This kind ofasitun would have probably encouraged people toylobb
in favor of effective planning policies concernitige housing market, since the established planmiagess
has been developed quite homogeneously in albbf, land counter-examples are very rare.

Secondly, empirical results give credit to the vithat there would be benefits for the public prawigd
utilities concurrent with development. This findimng relevant in Florida, which has enacted conauaye
rules that require this as a condition of developnag@proval; no development with inadequate inftestire
may be allowed (Auerhahn, 1988). This is a contrsiaé policy, since it can slow development or eais
development costs. Rigid separation between righiuild and property right allows the Italian citi¢o
determine how much developers must pay to compemtisaiocal communities for the increased pressare
the existing public infrastructure and servicessTi$ different from the approach in the Unitedt&sawhere
the question is addressed on a case-by-case bhsi®, some local governments levy “impact feefiése
are very similar to the building permit fees levieditaly, since they are based on estimates ofptitdic
costs of providing needed public facilities per dinmg unit to be constructed (Lillydahl et al., 188
Nicholas, Nelson 1988; Nicholas et al., 1991).

Urban fringe development, for example, frequentilizes septic tanks without adequate public ugifit At
some point in the future, the public extends publater and sewerage, paying for it in one of sdvweays:
using general tax revenues, special assessmeiésefited properties, user charges, or some comitinaf
these. The Boston Zoning Code establishes thati¢lveloper’'s submission of a project to the city mus
include an evaluation of the Proposed Project’'saichpn the capacity and adequacy of existing water,
sewerage, energy, and electrical utility systemd,the need reasonably attributable to the PropBsejéct

for additional systems facilities (Boston Redevetept Authority, 1991). The City of Boston and the
developer must be aware of the cost of urban toamsftion, but there is no established sum the deeel
must pay to build new public infrastructure andvgers. This is left to the free negotiation betwétes city
and the applicant.

French legislation gives cities the task of esshihig the contribution developers must pay to obtaeir
building permits, adopting an approach that ligsveen the Italian and the United States ones. Véan
d’occupation des sols approved by a city, payments to obtain buildingnses cannot be revised and are
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deterministically established. However, in thise;abere is plenty of room for free negotiation gRiéique
Francaise, 1983).

Moreover, in light of the empirical results relafito the determinants of the value of houses, tild/de
interesting to explore if, and to what degree, piag policies aimed at qualitative improvementhotises
would develop in a United States or French conitext local developers be discouraged due to vety hig
development costs.

Adopting a general holistic perspective that regatifferent conceptual characteristics of smaresitthis
empirical work defines and implements a researcthoa®logy and design to evaluate the monetary vaflue
the extrinsic and intrinsic characteristics of hesi@as determinants of the formation of market pdte
houses. This research methodology and design gfteverful tools to define city fiscal policies whicould
successfully deal with value generated by urbamdeesal expansion and smart governance. This is
implemented through an analysis of the housing statkrough direct observation of human behavior in
appreciating and identifying a value of environnadigualitative resources that contribute to enhamtheir
smartness in terms of living standard and envirartmighe more reliable the information, the moreetifve
policy decisions can be in order to convey parthef generated value to the cities’ economic devetoq,
that is to their economic smartness. Regardingifisise, a sound institutional framework is necgssar
allow the cities to implement zoning regulations discal policies to deal with the determinantgte value

of houses. This would be based on negotiation wi¢lvelopers, landlords, homeowners, and local
communities, along with detailed and standardizedtorial information systems and databases reggrd
the housing market in order to provide urban peti@kers with access to factual information conaegni
transaction prices and, if possible, intrinsic feas of the sold properties.
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