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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 daabsections 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

ample (304 apartments)
y AREA [m3
« 4026 -89

Sample (304 apartments)
| by PARKS [m]

® 34905352 - 132029 414
132029414 - 226507 302
@ 226507302 - 332631 506
@ 332631.506 - 437660.721
| O 437660721 - 584697 472

Open-space leisure areas

® 89-12505
@ 12505-240

unicipal plan: Zoning scheme
. A

Mixuse
Parks

¥ Sample (304 apatments)
DISCOAST [m]
102 61 - 340 68

& Sample {304 apanments)

@ 1536:79-196826
|l (@ 1968.26-255124

W 125671 - 16504.9
M 165049 - 243328
W 243328 - 1439617

005115 2
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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

—m REAL CORP 2014:
- PLAN IT SMART



Michele Argiolas, Sabrina Lai, Corrado Zoppi

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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