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by Valeriia Budiakivska* and Luca Casolaro** 
 

Abstract 

Urban agglomerations, displaying the highest levels of productivity and growth, pose 
severe congestion problems. This issue can be mitigated by the construction of transport 
facilities enabling a higher centre-suburbs permeability. The returns from these infrastructures 
are, however, the subject of debate, especially in cities that have major artistic and urbanistic 
constraints. The purpose of this paper is to estimate the private and public benefits of a new 
tram line recently built in Florence. We apply the synthetic control method to metropolitan 
micro-zones in order to estimate the impact of the tram line on house prices in the suburbs 
located close to the stops. We also estimate a hedonic pricing model on individual bids 
downloaded from a popular real estate agency. The results, which are consistent for the two 
approaches, demonstrate that houses located close to the new tram network have registered a 
price increase of €200 to €300 per square meter, 7-10 per cent of the total value. The study 
also confirms the presence of public benefits related to the facility, in terms of accident 
reduction and improved air quality. 
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1 Introduction1

In the urban economics literature it is undisputed that, due to firm selec-
tion and agglomeration economies, the highest levels of productivity and
growth are localized within the cities (see between the others, Combes et
al. (2012)). This phenomenon is indicated by many scholars as the princi-
pal driving force of the economic activity for entire countries. On the other
hand, vast urban agglomerations suffer severe problems of congestion. Hsieh
and Moretti (2015), looking at the house prices in the US metropolises, show
that the growing constraints to housing supply in big cities constitutes a
major impediment to a more efficient spatial allocation of labor, limiting the
number of workers who can be employed in the most productive sites.

The drawbacks related to congestion can be mitigated by infrastructures
which permit to enlarge the size of the cities by cutting commuting cost, so
allowing a higher permeability between the centre and the suburbs of the
local labor markets. On the other hand, the construction of big public work
carries with it serious issues related to the economic feasibility and the social
and environmental impact of the infrastructure, especially when it is situated
in an ancient city with several artistic constraints.

The issue of the private and social return of public works is a very de-
bated one. In the case of undesirable land use, such as dangerous or pollutant
infrastructures – even in the case of transportation ones such as highways –
the acronym NIMBY (not in my back yard) reflects the negative perception
for people living in the proximity of treated areas, that can be resumed by
the well documented drop in the property values associated with these pub-
lic works (see, among the others, Kohlhase (1991) and Zhao et al. (2016)).
On the other hand, other types of infrastructure can present positive exter-
nalities for the neighbouring population. Looking in particular at transit
facilities, the economic theory predicts that the advantages related to a lo-
gistic empowerment are capitalised totally or partially into land and house
prices. Indeed, several studies, mainly using hedonic models, demonstrate
that residing nearby a transit station improves the accessibility of citizens
to commercial activity centers, resulting in increased utility and therefore
in a rise in property values (see, for example, Nelson (1992), Ganesan et al.

1We thank Laura Conti for her crucial help in the collection of micro data, Guglielmo
Barone for his thorough review of earlier versions of this manuscript, Marco Tonello and
the participants of the Bank of Italy ARET seminar. We especially thank Massimiliano
Sifone, Gianni Dugheri and the Statistical Service of the Municipality of Florence for their
magnificent cooperation in providing data for this research. The views expressed in this
paper are solely the responsibility of the authors and do not necessarily correspond to
those of the institutions to which they are affiliated.
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(1997), Hennebery (1998), Coffman and Gregson (1998), Hess and Almeida
(2007), Wadu et al. (2015)). Other studies, on the contrary, do not find a sig-
nificant impact on the house prices (see Debrezion et al. (2007) and Hess and
Almeida (2007) who provide an extensive analysis across the transportation
and real estate literature review).

In this paper we contribute to this branch of literature on urban eco-
nomics, trying to evaluate the impact of a major infrastructure using a rig-
orous identification strategy. The infrastructure we focus on is the new T1
tram line in Florence, a recent, highly debated public work, looking for per-
turbations on property prices in the neighbourhood of the new stations.

The project of the tram line has been widely discussed in Florence since
the beginning of the last decade. From one side, focusing on previous stud-
ies - mainly concerning cities in developing countries - the infrastructure is
expected to give positive returns related to traffic improvements and com-
muting time cuts; on the other hand, there are serious concerns related to the
peculiarity of the city of Florence: a unique, renaissance urban area charac-
terized by narrow streets, important monuments and open air works of art,
contrasts the project of an impacting public work such as the tramway. Given
all these issues, it was under debate if the tram line would have represented
an actual value added for the city of Florence or not.

The infrastructure has been finally approved in the nineties, but the works
started only in the 2005, leading to the entry into service at the beginning
of 2010. The final expense was about 265 million euro, out of which around
156 million were financed by national and regional funds, and around 109
million by the municipalities of Florence and Scandicci, the two districts
involved in the project. The line connects the central area of Scandicci, a
peripheral district outside Florence, with the main railway station, situated
in the heart of the city. The tram goes through its 14 stops covering 7.4 km
in 23 minutes, less than the half of the journey time covered by bus. The
route crosses suburbs with a very high population density (Figure 1), having
a positive impact on commuting time within Florence and especially between
Scandicci and Florence. Given these characteristics, the facility has been ex-
hibiting very positive and increasing statistics: in 2015 the passengers have
been more than 13 million, with an increase of the 7 per cent with respect
to 20112. Recent in-progress expansions and planned additions of the tram
network in Florence highlight the importance of the overall tramway project,
the key infrastructures for the city of Florence in the long run. The relevance
of the project makes it of immediate interest to examine both the private and

2Based on statistics published on the Florence municipality’s website:
mobilita.comune.fi.it
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the public benefits of the current line. The first ones, which constitute the
core of our analysis, can all be resumed by the increase in prices for those
properties located close to the tram line: the rise in the value of properties,
indeed, reflects the net present value of all the future benefits (in terms of
time, petrol, risk etc.) driven by the tramway for those inhabitants that
have the possibility to exploit it. The public benefits, on the other hand, are
mainly related to the decrease in congestion, which we measure in terms of
a decline in motor vehicle accidents and pollution in the proximity to the
tramway.

Figure 1: T1 route

To analyze the impact of the tram line on house prices in Florence we use
a dual approach. The principle analysis is conducted at macro level, applying
the synthetic control method to a set of average house prices referred to the
micro-zones of Florence and its contiguous districts. A subsequent robustness
check is performed by the estimation of a standard hedonic pricing model
based on individual real estates listings downloaded from one of the top on-
line agencies in Italy.

Our results demonstrate the presence of private benefits related to the
tramway: after the beginning of the works, in 2005, the property prices in
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the zones crossed by the facility displayed a significant increase. This rise
in value, as expected, is not homogeneous, but is directly related to the in-
tensity of the treatment: it is maximum in the district of Scandicci, close
to the terminus, where the importance of the infrastructure is the most sig-
nificant. The positive price-proximity relationship becomes less pronounced
when moving towards the center and vanishes in proximity of the central
station terminus, where the added value of the tram line in terms of com-
muting time is negligible. These findings are corroborated by the micro level
analysis, showing that houses located far from the tramway stops demon-
strate, ceteris paribus, a lower price with respect to the properties situated
closer. We participate also to the debate about the timing of the economic
impact of infrastructures, finding strong evidence that the increase in house
prices is concentrated at the start of the construction works, when it became
undisputed in the mind of people that the project, after several years of le-
gal disputes, would have be accomplished. On the contrary, the entry into
service of the tramline, completely anticipated by the market, has not sig-
nificant effects. Finally, our results highlight the presence of public benefits
induced by the tram line, related to the decrease of congestion: we observe
a significant drop in both pollution and car accidents in the areas of study.

Summing up, in the paper we offer novel evidence of the way a new public
transit facility can shape urban development even in a peculiar European city
as Florence. The number of constraints, the potential stickiness of prices and
the low level of mobility made it more challenging to measure high returns
from a transit facilities with respect to infrastructures build in modern or
changing cities, perhaps in developing countries, where constraints are less
binding and it is simpler to reshape entire neighborhoods. To our knowledge,
we are the first to apply the combination of a macro approach, exploiting the
synthetic control method, with a micro hedonic pricing model as a robustness
check, in order to conduct a vast empirical assessment of the impact of a new
transit on private benefits.

2 Property values: macro analysis

2.1 The new tram line in Florence

The T1 tram line, in the Florence long run logistic plan, is designed to
connects the peripheral area of Scandicci with the center of the city. The
choice of the west area of Florence and in particular of Scandicci as a path
for the first stretch of the infrastructure was motivated by strong logistic
advantages.
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The municipality of Scandicci has started developing significantly in 60s-
70s due to the intensive population growth favoured by the immigration flows
(in the 1970 census the increase was more than 50% with respect to 1960).
This period is also characterized by the creation of an industrial district in the
area, due to both relocation of businesses from Florence and local initiatives.
In the following decades the number of residents has stabilized and amounts
currently to about 50 000 inhabitants, with a high population density. Given
these premises, it comes clear that the motivation of the choice is not related
to the necessity of serving a growing strand of population, but to the strategic
location of the suburb, which can be summed up in three point. First, the
western part of Florence up to the center of Scandicci is completely flat,
without the presence of hills, so suitable to a transport facility. Second,
the central area of Scandicci is one of the most populous area contiguous to
the Florence district, with intense commuting flows. Finally, this area is also
crossed by important highways (the A1 highway characterized by three traffic
lanes with a toll assessed for passage, and the two lanes free road towards
Livorno and Pisa), which permit to build up an integrated logistic center
(by the creation of transit parking spaces) to reach the heart of the city of
Florence.

Data on mobility confirm the relevance of the project. According to the
research conducted by the Region of Tuscany3, 54.8 per cent of the new tram
line users move between Scandicci and Florence, while only 24.8 per cent
do the Florence–Florence route (the remaining 20.4 per cent of users start
or continue their journey outside the mentioned municipalities). Workers
constitute 49 per cent of the T1 users while 19.6 per cent are composed of
students. The majority of travellers are people commuting from the Scandicci
area to Florence (during the morning rush hours 71 per cent of users in the
sample were travelling towards Florence while in the evening rush hours 68
per cent of individuals in the sample were going the opposite way towards
Scandicci). The tram line takes 23 minutes to complete its journey, saving
about 40 minutes with respect to the bus, the alternative way to reach the
center.

The new tram line crosses 5 micro-zones of the OMI property market ob-
servatory of the Italian Revenue Agency (Figure 2)4, four of which belonging
to the municipality of Florence (Florence Center, San Jacopino, Isolotto and
Legnaia) and one to the municipality of Scandicci (Scandicci Center). The

3I fiorentini e la tranvia. Indagine conoscitiva sull’utilizzo della linea 1 della tranvia,
Regione Toscana, October, 2012

4The acronym OMI stands for Osservatorio del Mercato Immobiliare; the micro zones
are homogeneous areas according to which the real estate market values are revealed.
Section 2.3 contains a detailed discussion about this dataset
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areas of Florence Center and San Jacopino, located beyond the Arno river,
are very central, highly touristic suburbs, where the tram line passes only
marginally and is very close to the city centre terminus; for these reasons,
they are not considered in our further analysis. The study will be focused on
the three yellow zones highlighted in Figure 2, very congested areas between
the Arno river and the tram terminus, located in the center of Scandicci, for
a total of 11 stops.

Figure 2: T1 route across PMO zones

According to Abadie et al. (2015), using the synthetic control framework,
the donor pool units should be sufficiently similar to the units of interest.
Given the strong heterogeneity between the micro-zones belonging to the city
of Florence – characterized by an urban environment and a high population
density – and those in the satellite districts – most of which present a rural
structure – we split our analysis focusing separately on each of the three
zones. We first compare the central area of Scandicci with other OMI zones
belonging to the municipalities contiguous to the city of Florence; afterwards,
we compare the two zones of Florence served by the tram line, Legnaia and
Isolotto, with OMI areas of Florence (see Figure 3).

We expect the intensity of the effect in these three areas to be proportion-
ally related to the intensity of the treatment, which will be higher the longer
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is the distance from the terminus in the centre of Florence. In Scandicci,
where the time saving due to the facility is maximum, the impact on house
prices is expected to be higher, since the intensity of the treatment is the
most pronounced.

Figure 3: PMO zones of Florence and adjacent municipalities

(a) Scandicci center vs adjacent municipalities

(b) Legnaia and Isolotto vs Florence

The treatment is smaller in Legnaia, the zone located at the extreme west
of Florence: the area is entirely crossed by the tram line but is closer to the
center, so the time saved to get to the central station declines to less than
20 minutes. Finally, the suburb of Isolotto, the zone contiguous to the Arno
river, is crossed only marginally by the tram line and the intensity of the
treatment is minimum, since the saved time is negligible. For these reasons,
we expect the increase in prices to be maximum in Scandicci, smaller in
Legnaia and negligible in Isolotto.
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2.2 The synthetic control method

Our core analysis is based on a counterfactual approach suitable for small
samples, the synthetic control method, proposed by Abadie and Gardeaza-
bal (2003) and further developed by Abadie et al. (2010 and 2015). When
a comparative case study is performed, the baseline is to estimate the evolu-
tion of aggregate outcomes (house prices in our analysis) for a unit affected
by a certain event, comparing it with the evolution of the same aggregates
estimated for a control group of unaffected units.

The synthetic control method allows to evaluate the effect of a treatment
applied to one or more units in a small sample analysis. Indeed, after obtain-
ing a synthetic counterfactual (a weighted average of potential controls that
replicates the treated unit’s initial conditions), the treatment effect is com-
puted by simply comparing the actual outcome of the treated unit against
the outcome of the synthetic control.

A growing literature has applied the synthetic control approach to study
various topics on both national and sub-national levels. However, to our
knowledge, the synthetic control methodology has not been extensively ap-
plied in urban economics. Ando (2015) examines the impact of nuclear power
facilities in Japan in the 1970s and 1980s on local per capita income levels.
Munasib and Rickman (2015) analyse the net economic impacts of oil and
gas production from shale formations in Arkansas, North Dakota and Penn-
sylvania. Our paper is the first to apply the synthetic control method to
analyse the impact of transit facility on property prices. Following Abadie
et al. (2010 and 2015), suppose that the sample is composed of J units ob-
served at time periods t = 1, 2, ..., T . We assume there is a positive number of
pre-intervention periods T0 and post-intervention periods T1, so T = T0 +T1.
Let Yjt be the outcome of unit j at time t. Unit 1 is exposed to the inter-
vention (the “treatment”) at time T0 + 1, ..., T and the intervention has no
effect during the pre-treatment period 1, ..., T0. The other units from j = 2
to J are the control units (or “donor pool”), that are supposed not to be
subjected to the intervention nor to be affected by the treatment of unit 1.
A synthetic control can be defined as a weighted average of the control units.
To determine the weights wj, j = 2, 3, ..., J let x1mt be a set of m = 1, 2, ...,M
control variables for the outcome variable of the treated unit, while the cor-
responding variables of the donor units are given by the analogous set xjmt,
j = 2, 3, ..., J . The covariates are averaged over the pre-intervention period
to obtain x̄1m and X̄m, which is the J − 1 × 1 vector of predictor m in the
synthetic control. Then the J−1×1 vector of weights W ∗ = (w∗2, w

∗
3, ..., w

∗
J)′
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is chosen to minimize:

M∑
m=1

= vm(x̄T0
1m −W ′X̄T0

m )2 (1)

subject to
∑J

j=2wj = 1, wj ≥ 0; where vm is a weight that reflects the
relative importance assigned to the variable m. A data-driven regression
based method is used to obtain the variable weights contained in the V -
matrix5.

The outcome variable and its lags can be included among the control
variables if it helps to control for the unobserved factors influencing the
outcome of interest. Recall that Yjt is the outcome of unit j at time t. The
synthetic control estimator of the treatment effect is given by the comparison
between the outcome of the treated unit and the outcome of the synthetic
control in the post-intervention period t (with t ≥ T0) :

d1,t = Y1,t −
J∑

j=2

w∗jYj,t (2)

In order to correctly attribute a hypothetical increase in prices to the
tram line construction, using the synthetic control method, several issues
have to be highlighted, related to the potential endogeneity of the results
and their magnitude.

Firstly, in the case of a suburb in rapid growth, indeed, a correlation
between the tramway construction and the rise in house prices could represent
a spurious link between variables both related to urban expansion. This
way, the house prices variation would be not due to the tram line but to the
demographic pressure, which, in turn, motivates the tram line construction.
The synthetic control, equalizing the outputs for the treated zone and the
controls, is expected to rule out the problem, because it permits to compare
areas that are experimenting similar dynamics. The dynamics of the suburbs
involved, however, will still be discussed further. Moreover, looking at the
magnitude of the effect, it is important to keep in mind that the synthetic

5Alternatively, the variable importance weights (vm) can be chosen by cross-validation,
splitting the pre-treatment period in two sub-periods: training period and validation pe-
riod. While averages from the control in the training period are used as predictors in the
validation period, for any given vm the wj is calculated, which minimizes the RMSPE
in the validation period. Then the optimal vm is computed, which allows to obtain the
minimum wj in validation period. Finally, the optimal vm is used to calculate the wj using
predictors calculated in the validation period. Being advantageous, this method, however,
requires longer pre-intervention period.
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control analysis provides, by construction, not an estimation of the pure
effect of the treatment, but a relative one, i.e. the effect is computed as
the difference between our target zone and the synthetic control. In the
paragraph related to the results we present a thorough discussion related to
this issue, which could lead to an upward bias of the estimated effect.

2.3 The OMI data on property values

In Italy the OMI has been publishing each semester since 2002 the maximum
and minimum selling prices of properties with a very detailed breakdown
by location and quality of houses. Areas are revealed at the infra-district
level, sharing in general similar socio-economic and urban characteristics,
building infrastructures and quality, namely the features which are crucial to
determine prices.

The prices reported in the OMI dataset are taken from various sources:
the principal one is the analysis of actual prices specified in administrative
archives or quoted by market operators. In the case of incomplete or missing
information data are integrated by the assessments of local experts aimed
at correcting imperfections or attributing a reference price whenever the low
number of transactions limits the representativeness of the reported values.

In this study we use the OMI data on average euro/m2 house prices
for the city of Florence (disaggregated by OMI in 30 micro-zones) and the
6 contiguous municipalities (divided in 31 micro-areas)6. Average values
are computed starting from the minimum and maximum market values per
zone, provided by OMI. The resulting dataset is a balanced panel covering
the period from 2002-II to 2013-II, when a break in the OMI micro zones
distribution occurred, making it hard the comparison with previous zones.

The OMI database contains also information on the type of property (vil-
las, private apartments, economic buildings) and the state of conservation.
Given the very low dimension of the zones and the thickness of the market,
the database presents many cells with missing or low accuracy data. This
way, in order to get information on as many zones as possible and to work on
a homogeneous sample (given that even an average value computed among
the different categories would be affected by the presence of missing), we
decide not to exploit all the information of the dataset and to consider the
value of prices only for the most representative categories, i.e. private apart-
ments (excluding chalet, villas and economic buildings) in a normal state of
conservation.

6The 6 administrative municipalities bordering Florence are the following: Scandicci,
Campi Bisenzio, Sesto Fiorentino, Fiesole, Bagno a Ripoli and Impruneta.
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2.4 Empirical estimation and results

In this section we present our leading analysis, based on the synthetic control
approach. Our outcome variable is the average market price per square me-
ter by zone (in euros) related to residential apartments in normal conditions.
The covariates describing the micro-zones in the pre-treatment period are
the following, taken from the Census 2001-2011: population density, a proxy
of human capital 7, house concentration ratio 8 and share of senior residents
(older than 65), all varying per OMI zone. We also include some charac-
teristic of the municipalities, such as the altitude of the central zone of the
municipality (to control for the presence of hills in the area), and the average
per capita income (and in case of Florence this information is available per
OMI area), taken from tax returns. In addition to the mentioned predictors
we include in the analysis, following Abadie et al. (2010 and 2015), the prop-
erty values of two semesters of the pre treatment period, the second semester
2003 and the second semester 2004.

The goal of our empirical estimation is to compare house prices in the
area served by the tramway (the treated area) with those of a synthetic zone,
created as a linear combination of districts chosen among the donor pool so
that the pre-treatment prediction error, conditioning on a number of covari-
ates, is minimized. Once the algorithm creates that synthetic zone, which is
supposed to be equivalent to the treated one except for the treatment, we can
estimate the treatment effect (i.e. we determine the price increases caused by
the transit facility) simply taking the difference in the post-treatment period
between the treated cohort and the synthetic one.

To choose the starting date of the treatment, it is worth to look at the
long process leading from the initial project to the implementation of the
tram line in Florence. The first discussions of launching the tram line date
back to 1994, together with a preliminary plan of the route. In the beginning
of the new millennium numerous debates and legal disputes of the companies
involved in the project took place. Only at the end of 2002, after the uni-
fication of the associations interested in the project, it was announced that
the construction works would start in 2003, although with a smaller financ-
ing than eventually required. Finally, the works actually began in the first
semester of 2005, ending almost 5 years after.

Given the extremely long and hard way to move from the idea of the
tramway to the final infrastructure, it is important for our study to choose
a point in time when it was undisputed to everyone that the tramway would
have been realized. Several studies in the literature set the beginning of the

7Share of residents in possession of a university degree.
8The fraction of dwellings occupied by at least one resident over the total area.
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treatment when the infrastructure began to be operative (see, among the
others, Yan, Delmelle and Duncan, 2012). Other studies estimate an antici-
pated effect of infrastructures, sometimes finding that just the announcement
of a transportation improvement project itself does cause an increase of res-
idential property prices9.

Given these premises, we decided to choose the first semester of 2005, the
de facto starting date of the construction works, as the “treatment date”,
for a matter of credibility: indeed, the length and the conflict of the decision
process, together with the frequent postponement of the works starting date
produced in the mind of the people a strong uncertainty about the feasibility
of the project even after the announcement. This way, only when the work
started people began to be confident about the positive conclusion of the
project. Of course, we will perform several robustness checks in order to con-
trol for different starting dates of the effect, for example when the laying rain
was completed or when the facility was put into operation. Unfortunately,
the length of the sample, starting in 2002, make it impossible to choose the
announcement date as starting point for the treatment.

A serious caveat of this choice is that we are forced to perform our anal-
ysis with a pre-intervention period which is extremely short, equal to six
semesters. This issue, has not been widely explored in the literature: a
recent paper of Allegretto et al. (2017), estimating the effect of minimum
wage on teen employment, performed a synthetic control analysis with a pre-
treatment period of just 4 quarters. Carling and Li (2016), in their review of
the synthetic control method, find that the most crucial features that identify
an intervention effect under this approach are the treated-synthetic discrep-
ancy in the outcome variable in the pre-intervention period, the length of
post-intervention period and the size of the donor pool, while the length of
the pre-treatment period is indicated as a less critical issue. However, aware
of this drawback, we will propose several robustness tests for validating our
results. Dates prior to 2005 were also analyzed as treatment dates, but they
showed no impact on housing prices – as well as the periods between 2005
and 2010, the year of the actual introduction of the tram line – confirming
instead the existence of a positive perturbation in prices only in 2005.

9Agostini and Palmucci (2008) suggest that the Line 4 of the Santiago metro system has
impact on property values already after the constraction was announced. McDonald and
Osuji (1995) observe that the land market had begun to adjust well before the railway line
between Chicago and the Midway Airport was completed (in their case three years before
the connection actually opened). Also Bae et al. (2003) state that in Seoul property values
were affected significantly prior to the opening of the line 5 of the subway. Yiu and Wong
(2005) demonstrate the presence of positive anticipatory effect before the completion of
the tunnel under analysis.
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2.4.1 Scandicci

As mentioned before, the three zones crossed by the tram line (Legnaia,
Isolotto and Scandicci Center) will be examined separately. We expect the
effect on property values to be maximum in Scandicci, since the gain in
commuting time is the higher close to the Scandicci terminus and tends to
decrease approaching the city of Florence.

The municipality of the town is composed of four OMI zones, out of which
Scandicci Center constitutes the most urbanely developed one. This central
zone is bordering Florence on the north-east, on the west is crossed by the
A1 highway while the south is characterized by a hilly area.

In order to analyze the effect of the tram line on Scandicci house prices,
we compare this district with the other suburbs contiguous to the city of
Florence. As stated previously, the 6 municipalities bordering Florence are
disaggregated by OMI in 31 areas. Compared to other peripheral areas, the
Scandicci Center zone is characterized by a high population density (77.7
inhabitants per hectare, a value similar to those of central areas of Sesto
Fiorentino and Campi Bisenzio, two suburbs with comparable urban char-
acteristics). The level of per capita income is relatively similar to the one
of Campi Bisenzio, Impruneta and Sesto Fiorentino. When performing the
synthetic control we exclude from the donor pool two areas adjacent to Scan-
dicci Center, which could be affected by some treatment given their closeness
to the tram line.

Looking at the results 10, the synthetic control is a weighted average of
four zones: the largest weight (almost 60 per cent) is attributed to the cen-
tral area of Sesto Fiorentino, a highly populated district presenting strong
similarities with Scandicci in terms of income, surface, density, amenities and
commuting interest towards the city of Florence; smaller weights are asso-
ciated to areas of Campi Bisenzio (Center and Sant’Angelo), a municipality
having common features with Scandicci as well, while the weight of the last
area (Poggio of Impruneta) is negligible. Figure 4 shows the house prices
dynamics of the Scandicci Center area. The synthetic counterpart in our
exercise almost exactly reproduces the real estate values for the actual Scan-
dicci Center during the entire pre-treatment period; the covariates as well
exhibit a close fit (see Table 1). The third column of the table shows the pre-
treatment characteristics of a population-weighted average of the 28 areas in
the donor pool; it can be noticed, as axpected, that the synthetic Scandicci
Center zone provides a better comparison with respect to the average of our
sample.

10We estimate the model with the SYNTH routine in Stata created by Abadie, Diamond
and Hainmueller.
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According to our findings (fig. 4), from the second semester of 2005 on-
ward the synthetic control and the actual Scandicci area diverge considerably.
From the beginning of the construction works the property values demon-
strated an increase of about 200 euros per square meter, which amounts to
approximately 8%, and maintains constant till 2013. This magnitude is in
line with many studies on the effect of other transit facilities11. One can
also clearly notice the persistence of the price increase of Scandicci Center in
time.

Figure 4: Evolution of property values: Scandicci Center vs synthetic Scan-
dicci Center

Looking for potential endogeneity risks in the estimation, already pre-
sented in section 2.2, it is important to look at the evolution of Scandicci
during the period of analyses. The district of Scandicci in 2005 appeared al-
ready as a populous satellite district close to Florence; the suburb presented

11For instance, Agostini and Palmucci (2008) show that average apartment price in-
creased by between 4.2 per cent and 7.9 per cent after the construction of Line 4 of the
Santiago metro system was announced (and by between 3.1 per cent and 5.5 per cent
after the location of the metro stations was clarified). Billings (2011) analyses the light
rail-transit system in Charlotte, North Carolina and suggests that within 1 mile neigh-
bourhood from the transit area single-family properties increased in value by 4 per cent
while condominiums – by 11.3 per cent.
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Table 1: Property values predictor means in Scandicci Center

Variables* Treated area Synthetic area † Sample average

housing prices(2003.02) 2135 2134.76 2080.875

housing prices(2004.02) 2200 2199.705 2142.167

pop. density 77.73785 77.12707 25.67819

altitude of the capital 47 49.249 102.5073

per capita income 12579.84 13018.48 13788.31

human capital 0.0540802 0.0576985 0.0722821

house concentration 30.34811 29.96716 9.766665

share of elderly 0.216634 0.2211247 0.2043772

* Units of measurement: housing prices – e/m2, population density – inhabitants/hectare, altitude of the
municipality’s central area – meters above sea level, per capita income – e/inhabitant, human capital is
the share of residents in possession of a university degree, house concentration is the share of dwellings
occupied by at least one resident per total surface of the area (in hectares), share of elderly is the
proportion of senior citizens (older than 65) in the population of the area. Population density, human
capital, house concentration and the share of elderly are related to the census of 2001 (Source: Statistical
Service of the Municipality of Florence) and are thus kept constant over time. Per capita income is also
available for 2001. Source: ISTAT.

† The synthetic control weights are allocated in the following way: Sesto Fiorentino Center (0.592),
Sant’Angelo (0.202), Campi Bisenzio Center (0.201), Poggio (0.005).

important commuting flows to the metropolis, but was completely structured
from an urban point of view, with a population and an urban context be-
ing stable during the last 30 and, high level of land use and a severe zoning
legislation. This way, we can assume that the tram line has been motivated
by Scandicci’s structural characteristics and not by demographic dynamics,
thus ruling out potential endogeneity issues.

Looking at the magnitude of the effect, as already mentioned, our analy-
ses produces a relative estimation of the tramline impact. This way, if people
living in other Florence satellite districts decided to move to Scandicci due to
the tram line construction – thus producing a price drop in those districts –
the increase in property price in Scandicci has to be interpreted jointly with
the simultaneous decrease in similar areas not interested by the tramway. If
these areas are part of the donor pool of the synthetic control, as expected,
our estimates would present an upward bias. However, looking at the data
of residents in all the districts surrounding Florence, we do not observe an
increase in the population of Scandicci and a related drop in other munic-
ipalities: from 2001 to 2011, the population of Scandicci remained stable,
while we observe a slight increase in the average of the other districts around
Florence. The stability of the population in Scandicci could be related to the
high level of land use reached by the district before the 2000, in particular in
the area close to the tramline, which makes it hard to achieve an increase in
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population, given also the severe local legislation in terms of new buildings.
This way, even if our estimator is a relative one, we can assume that the
upward bias due to the indirect effect of the tram line on donors is negligible.

2.4.2 Placebo tests

Figure 5: Robustness tests

(a) (b)

(c) (d)

To evaluate the credibility of our results we conduct several robustness
tests also called “placebo studies” or “falsification tests”. The first test we
perform is the “in-time placebo” which is aimed to check the stability of the
model to perturbation in time. The idea is to rerun the model considering
a different date as a treatment starting period: if the trajectories of the
treated area and its synthetic counterpart do not diverge substantially in
the pre-treatment period, then the confidence of the validity of the results
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increases. The “in-time placebo” test (Figure 5a) demonstrates that, even
after reassigning the event to the middle of the pre-treatment period, namely
the second semester of 2003, the synthetic control reproduces almost exactly
the evolution of prices in the actual Scandicci Center area both in the pre-
treatment period before 2005, both in the post treatment. This implies
that no shock has occurred to the treated unit prior to the intervention,
confirming the reliability of the magnitude of the treatment effect and the
stability of our estimation. We also reassigned the treatment starting date to
years following the 2005, including the actual introduction of the tram line
in 2010, but the results, not reported, demonstrate that the housing price
change occurred in 2005. Finally, in order to reduce the risk of overfitting on
idionsyncratic variations in the 2002-2004 period, we try not to consider the
outcome among the predictors, or to include just its average pre-treatment
value: the results remained unchanged. Concerning the treatment date of
2005, both semesters show the increase of property values, however, the first
semester is characterized by smaller RMSPE.

A second way to check the robustness of the results is to conduct an “in-
space placebo” test, namely a falsification test where we reassign artificially
the intervention to each unit of the donor pool, i.e. the areas which have not
received the treatment. This way we obtain a distribution of placebo effects
that can mimic a p-value for the treated unit, computed as the fraction of
placebo effects greater or equal to the effect estimated for the unit of interest.
This computation allows us to assess if the effect estimated for the treated
area is large relative to the distribution of the effects for the non treated
areas. The significance of our results would increase if the probability of
obtaining an estimate at least as large as the one obtained for the treated
unit is small. In fact, when we reassign the treatment to the 17 comparison
units that did not experience the event of interest12, one can observe (Figure
5b) that the Scandicci Center gap line is the highest for almost the entire
post-treatment period, making the estimation results significant at about 5
per cent level.

One more way to evaluate the Scandicci Center gap relative to the gaps
obtained from the placebo estimations is to look at the distribution of the
ratios of post/pre-treatment mean squared prediction errors (RMSPE), i.e.

12Following Abadie et al. (2010) we discarded 11 areas which were characterized by a
very bad fit of the synthetic control, exhibiting a RMSPE at least 5 time higher than the
error of the treated unit; these areas cannot be well reproduced by a convex combination
of housing prices of the donor pool, therefore the results regarding the ex-post behaviour
of prices are meaningless (e.g. Fiesole Center, fashionable district characterized by the
most expensive property values in the donor pool, exceeds the Scandicci Center’s RMSPE
by around 700 times).

21



to rescale the estimated price gap with the synthetic control by a measure
of the accuracy of the synthetic control itself in the pre-treatment period.
Figure 5c shows the post/pre-event ratios of Scandicci Center and the other
28 PMO areas. The estimated ratio for Scandicci Center is much bigger rela-
tive to the distribution of the placebo effects, with a post-treatment RMSPE
more than 460 times bigger than the pre-intervention one. If the treatment
was assigned randomly to the data, one could obtain a post/pre-treatment
RMSPE ratio as large as this one with probability 1/29 = 0.034.

Finally, since one area in the synthetic control estimate retains a weight
of about 60 per cent (Sesto Fiorentino Center), it is useful to check how much
our results are driven by this control unit. Excluding Sesto Fiorentino Center
from the donor pool allows us to verify the persistence of the outcome even
with a potential loss of goodness of fit (Figure 5d). The synthetic control is
now composed of three areas, with the domination of Campi Bisenzio Center
(80%), the area which also exhibits strong similarities with Scandicci. The
exclusion of Sesto Fiorentino Center worsened minorly the goodness of fit
of some of the covariates; the relative increase in property values remains,
even though of a slightly smaller magnitude. The pre-treatment RMSPE
increases by almost 6 times when eliminating the Sesto Fiorentino Center
and increases further when discarding other control units proving that the
synthetic control is an advantageous technique for such comparative research.

All the robustness checks show that our main results are significant: Scan-
dicci Center does demonstrate a strong rise in house prices after the beginning
of the construction works of the new tram network in Florence.

2.4.3 Within Florence

We now compare the two zones of Florence served by the tram line (Legnaia
and Isolotto) with the other suburbs of the city, namely the other 23 OMI
zones. The other treated zones and the adjacent ones were excluded from
the donor pools. The covariates remain the same though with the following
differences: the income per capita is used at the OMI level in case of Flo-
rence (while outside Florence it is aggregated by the municipality) while the
altitude of the capital is excluded since it shares the same value across the
municipality of Florence.

Both areas of interest exhibit modest property values with respect to other
micro-zones of Florence. Isolotto is characterized by a very high population
density (108.4 inhabitants per hectare) and a very high concentration of
houses across the area. The population density in Legnaia is smaller, due
to a high heterogeneity in the kind of buildings involved. Both OMI zones
demonstrate relatively low share of residents in possession of a university
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degree with respect to other areas of the city.
Figure 6 shows the evolution of the average house prices in Legnaia with

respect to its synthetic counterpart for the 2002-2013 period. The pre-
treatment period (2002-2005) is reproduced relatively well by the synthetic
control. Four OMI zones were selected to reproduce the synthetic control for
Legnaia13, which exhibits a close fit (Table 2).

The effect of the tram line introduction on house prices is positive, as
expected, even if small, in the order of 3 per cent (about 85 euros per square
meter). This low magnitude could be related, from one side, to the smaller
intensity of the treatment, given the modest time gain related to the usage
of the tramline; from the other side, it could be due to the strong hetero-
geneity in the quality of buildings in the area, which could lead to different
dynamics in the real estate markets within the same area, thus perturbing
the analysis. We observe, finally, in the period just after the treatment, a
significant divergence between the actual price level in Legnaia (and also in
Isolotto, as will be shown later) its synthetic counterpart. In particular the
former, in the first semester after the treatment, increase much less then the
latter. This divergence could be related to the severe congestion problems
faced by these suburbs at the early stage of the works. This kind of effect, as
expected, is much higher in the congested zones at the heart of the tramline
route, such as Legnaia and Isolotto, than in the terminus zone of Scandicci.

The evolution of the average house prices in Isolotto (Figure 7) and its
synthetic counterpart for the same time period does not demonstrate any
price change in the area. The synthetic control for Isolotto is mainly com-
posed of the suburb of Novoli (Table 3), which, in turn, has been involved in
the construction of the second tramline of Florence (while the announcement
of the third line occurred in 2014, out of our sample). This fact could lead to
a downward bias of our estimates, due to the potential increase in prices in
Novoli from the work starting of the T2 tramline and the consequent positive
shift of the synthetic control for Isolotto. However, the construction of the
T2 tram line was announced in 2011, 6 years after the treatment date under
analysis. In this period of time the effect on Isolotto was initially slightly
negative (might be due to the beginning of the construction works - related
congestion shock observed also in Legnaia), remaining stable for the next 4
years, even after the entry into service of the tramline, at a level close to
zero. At the beginning of 2011 we observe a slight increase in the synthetic
control, possibly related to the T2 announcement, that unfortunately we can

13The suburbs of Dalmazia and Bandino, displaying very similar characteristics in terms
of income and social structure, accounted for the three quarters of the weight. The re-
maining weight is mostly related to the suburb of Cupolina, which is close to Legnaia but
displays a lower level of income and density and a much higher ratio of immigrants.
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Figure 6: Evolution of property values: Legnaia vs synthetic Legnaia

Figure 7: Evolution of property values: Isolotto vs synthetic Isolotto

not follow after 2013 due to a structural break in the data. From the ob-
servation of the results, though, the absence of a positive effect for Isolotto
appears undisputed and not affected by the T2 effect on Novoli.

For the suburb of Isolotto the treatment is supposed to be very weak due
to the much smaller distance to the city center. Moreover, the zone is crossed
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Table 2: Property values predictor means in Legnaia

Variables* Treated area Synthetic area † Sample average

housing prices(2003-II) 2310 2309.735 2369.857

housing prices(2004-II) 2380 2379.825 2441.085

pop. density 71.42275 68.02001 70.95665

human capital 0.0860586 0.097676 0.1446846

house concentration 30.30097 30.64539 31.81129

per capita income 17659.74 18034.57 21505.91

share of elderly 0.2508166 0.252998 0.2637407

* Units of measurement: housing prices – e/m2, population density – inhabitants/hectare, human cap-
ital is the share of residents in possession of a university degree, house concentration is the share of
dwellings occupied by at least one resident per total surface of the area (in hectares), per capita income
– e/inhabitant, share of elderly is the proportion of senior citizens (older than 65) in the population of
the area. Population density, human capital, house concentration and the share of elderly are related
to the census of 2001 and are thus kept constant over time; while the per capita income is available
for 2003, 2004, 2005 and 2013 (where the first three years represent the pre-treatment period while the
post-intervention is characterized by the last year). Source: Statistical Service of the Municipality of
Florence.

† The synthetic control weights are allocated in the following way: Dalmazia (0.5), Bandino (0.238),
Cupolina (0.247), Cascine (0.015).

only marginally by the tramway, with a large part of the area located too
far from the stops to exploit the tram line benefits. The covariates exhibit a
less precise fit compared to Legnaia (Table 3).

Figure 8: Property values gaps between the real and synthetic counterparts
in Legnaia and Isolotto (discards zones with pre-RMSPE five times higher
than of the treated area)

The pre-treatment RMSPE, which is the average of the squared discrep-
ancies between the treated area and its synthetic counterpart before the
intervention, is satisfactory in Legnaia (a bit higher than one), while it is
twice higher in Isolotto. As before, we then conduct a falsification test in
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Table 3: Property values predictor means in Isolotto

Variables* Treated area Synthetic area † Sample average

housing prices(2003-II) 1825 1824.44 2369.857

housing prices(2004-II) 1880 1882.04 2441.085

pop. density 108.4333 59.36002 70.95665

human capital 0.0725909 0.1024186 0.1446846

house concentration 47.56549 26.08339 31.81129

per capita income 16060.79 17561.09 21505.91

share of elderly 0.2718984 0.2532454 0.2637407

* Units of measurement: housing prices – e/m2, population density – inhabitants/hectare, human cap-
ital is the share of residents in possession of a university degree, house concentration is the share of
dwellings occupied by at least one resident per total surface of the area (in hectares), per capita income
– e/inhabitant, share of elderly is the proportion of senior citizens (older than 65) in the population of
the area. Population density, human capital, house concentration and the share of elderly are related
to the census of 2001 and are thus kept constant over time; while the per capita income is available
for 2003, 2004, 2005 and 2013 (where the first three years represent the pre-treatment period while the
post-intervention is characterized by the last year). Source: Statistical Service of the Municipality of
Florence.

† The synthetic control weights are allocated in the following way: Novoli (0.896), Le Cure (0.104).

space where we reassign artificially the intervention to each unit which have
not received the treatment, to assess if the effect estimated for the treated
area is large relative to the distribution of the effects for the non treated
areas. The placebo tests (Figure 8) show that the increase in prices is not
statistical significant at 10 per cent neither in Legnaia (Figure 8, left) nor in
Isolotto (Figure 8, right).

3 Robustness check: micro analysis

The synthetic control is a powerful tool which permits the comparison be-
tween a treated area and a set of counterfactual units in small sample analy-
sis. However, it presents a drawback in the sense that OMI zones served by
the facility are, in general, too wide to permit a valuable access to the tram
line. This way, a certain percentage of buildings belonging to the treated ar-
eas can not be considered as treated, since they are not located at a walking
distance from a tram stop: our estimates could therefore present a downward
bias. Moreover, it is not possible to charge different levels of treatment to
buildings located at different distance to the stops.

To corroborate our baseline results we perform a robustness analysis by
looking at property prices from a different perspective. We estimate an he-
donic pricing model using micro data, the standard approach adopted in the
literature to evaluate the effect of infrastructure in urban economics14. This

14For example, Brandt and Maennig (2012) show that railway stations in Hamburg
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approach is based on a sample of micro-data on house prices taken from the
biggest Italian real estate website, immobiliare.it. The dataset is a cross-
section composed of 483 geo-referenced selling offers of private apartments
in Florence on November 7, 2016, each containing the price and some basic
property characteristics of the apartment15.

This method allows us a more accurate focus on the neighbourhood of
the tram line, identifying more precisely the area of treatment. On the other
hand, given the absence of a temporal dimension, the analysis suffers of an
inherent fragility related to the presence of omitted variables: since it is im-
possible to control for all the factors influencing property values, if the tram
stops were built in strategic locations, more beautiful or characterized by a
higher number of amenities, the higher level of prices could be related to this
choice and not to the tramline construction. The control variables, indeed,
describe perfectly the properties themselves (number of rooms, bathrooms,
state of conservation, etc.) but the data could contain an unintended het-
erogeneity in the external context: there is no way to distinguish between an
economic 10 floor building or a fancy 3-floor one and it is hard to control for
the attractiveness of particular areas of the sample.

For this reason, we operate a series of exclusions in our sample in order
to rule out the most important source of heterogeneity. First of all, we select
in our sample only the advertisements related to apartments, removing those
about villas or chalet. Secondly, we include in the analysis only dwellings
located within 1000 metres from the tram stops. Florence is a very ancient
city presenting, even in the same suburb, economic buildings and ancient
more fashion premises, blocks located in the hills etc. Choosing advertise-
ments in a wider range around the stops, we would face the risk to compare
dis-homogeneous dwellings which would lead to biased results. The distance
of 1000 metres, on the contrary, seems reasonable even by on-the-spot visits,
confirming that in a similar diameter, all the offers of the sample describe

increase the prices of neighbouring condominiums; Hess and Almeida (2007) find a positive
impact of the light rail transit stations on property values in Buffalo, New York; Billings
(2011) suggests that the light rail-transit system in Charlotte, North Carolina increases the
house values of condominiums to the higher extent than single-family properties; Lewis-
Workman and Brod (1997) demonstrate that property values grow nearby the rail stations
in several states of the US; Nelson (1992) suggests that in Atlanta, Georgia, transit stations
have a positive impact on property values only in lower-income neighbourhoods. Gatzlaff
and Smith (1993), on the opposite, demonstrate that there is a very weak evidence of
appreciation in real estate values close to the metro rail in the City of Miami.

15the dataset is not composed by selling prices but is relative to bids. Following Loberto,
Luciani and Pangallo (2017) comparison between the OMI data and the immobiliare.it
database, selling prices are similar to bids, less than a 12 per cent average drop that can
be interpreted as a discount.
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comparable houses16. For a similar reason we exclude three of the eleven
tram stops used in the previous analysis: one is the Scandicci terminus, due
to its proximity to the highway, which reduces the attractiveness of buildings
so potentially biasing the results; the other two are stops located closely to
the Arno river, characterized by expensive houses and villas very different
from the urban context of Legnaia and Isolotto. Finally, we include in the
analyses some variables, not available for the the whole sample17, related
to the proximity to parks, schools and supermarkets, in order to partially
control for quality heterogeneity linked to the distance from the amenities in
the area.

To identify the effect of proximity to the tramline stop, we evaluate
around each stop the impact of distance on property values using ten 100-
meter-radius circles up to one kilometer. This way a house i, if located be-
tween 0 and 100 metres from the nearest stop, will be assigned the distance
100 and so on18.

To compute the impact of the facility we estimate a diff-in-diff equation
by using a standard hedonic model:

Pi = αDISTANCEi + βXi + γTTS + εi (3)

where Pi is the selling price of the housing unit i, DISTANCEi is the
distance from the property to the closest tram stop (used alternatively with
the dummy living far), TTS (time to Scandicci) measures the time needed
to reach the Scandicci terminus from the closest stop, Xi is a vector of struc-
tural characteristics of the property i, and εi is the error term for property
i. To ensure a better comparison with the synthetic control estimations we
also split our sample into the three OMI areas previously analyzed (Isolotto,
Legnaia and Scandicci Center). In the regression we control for the following
structural characteristics: surface, number of bathrooms, number of rooms
and the property conditions (which is a categorical variable of four states of

16To increase the homogeneity of the sample, we also exclude from the analysis a his-
torical suburb in the Isolotto area, built in the fifties and exhibiting a different quality
with respect to standard buildings of the area, built in the seventies and eighties. We also
discard the part of Scandicci south of via di Scandicci, characterized by small houses in
the hills, not comparable with the standard buildings of the central part.

17These variables are available only for the observations with a complete set of informa-
tion about the address.

18The use of 100 meter circles is motivated by the impossibility to assign to each dwelling
the exact distance from the stop, given that we have not houses coordinated for each
advertisement; the only way to assign a distance to a house is to extract all the real estate
offers within a pre-defined range (the circles) assigning to all the advertisements in that
set the same distance. Each advertisement has a serial number too, so we were able to
avoid duplicates.
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a property19). Finally, we include in the estimates the variable TTS (time
to Scandicci), measuring to number of minutes the tram takes to reach the
Scandicci terminus: this variable, which is invariant to tram stops, permits
to estimate differences in house prices related to tram stop position, which
in turn is related to the intensity of the treatment.

In addition to the specification containing the linear (measure of distance,
we estimate also the model introducing a dummy variable measuring the
impossibility to reach the tram walking; it is called living far, and it is
equal to one if the house is located at more than 600 meters to the closest
tram stop and zero otherwise20.

Table 4: Estimation results

(1) (2) (3) (4) (5) (6) (7) (8)
All sample All sample Scandicci Scandicci Legnaia Legnaia Isolotto Isolotto
price/m2 price/m2 price/m2 price/m2 price/m2 price/m2 price/m2 price/m2

distance -0.259*** -0.702*** -0.320* -0.00159
(0.0957) (0.168) (0.173) (0.138)

living far -145.5*** -341.8*** -100.4 -5.264
(48.40) (87.72) (74.26) (83.32)

TTS 0.665 2.058 -3.492 -9.761 51.52*** 57.02*** -57.51 -58.02
(5.875) (5.739) (43.73) (48.08) (18.00) (17.59) (65.63) (64.51)

size -9.449*** -9.296*** -12.81*** -13.15*** -5.123** -5.107** -13.28*** -13.27***
(1.727) (1.716) (3.383) (3.400) (2.372) (2.371) (2.902) (2.883)

bathrooms 334.8*** 327.8*** 248.3** 260.2** 274.1*** 257.4*** 353.6*** 353.7***
(56.46) (56.70) (103.2) (106.3) (75.77) (78.20) (87.62) (88.25)

rooms 42.56 43.30 125.7** 125.9** -14.59 -9.564 152.9** 152.4**
(39.98) (39.31) (51.68) (50.67) (63.72) (62.95) (72.53) (73.26)

condition good 317.0*** 316.3*** 299.1*** 339.9*** 406.0*** 373.7*** 222.4** 222.2**
(68.43) (69.26) (103.7) (108.6) (133.8) (131.3) (87.01) (87.04)

condition perfect 502.0*** 498.7*** 518.8*** 522.1*** 536.0*** 504.5*** 479.3*** 478.0***
(65.13) (65.92) (109.3) (116.4) (131.2) (127.9) (91.62) (90.14)

condition new 1111.2*** 1094.5*** 1291.2*** 1256.0*** 1142.1*** 1115.3*** 991.4*** 990.4***
(98.20) (97.98) (166.3) (168.4) (165.7) (164.0) (156.0) (156.1)

Observations 483 483 133 133 223 223 127 127
Adjusted R2 0.363 0.365 0.477 0.476 0.299 0.293 0.347 0.347

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 4 shows the results for private apartments for the total sample and
for the each single OMI area considered in the previous macro approach. The
average effect across the whole sample amounts to an increase of 26 euros
per square meter for every 100 metres nearer to the tram stop. The results
concerning the OMI areas are in line with our previous findings: the average

19The categorical variable divides the properties that need to be restored, those habit-
able, in excellent conditions and new.

20600 metres is the distance covered in 10 minutes by walking at a moderate speed of
4 km/h (since we can assign only the distance every 100 metres); we experimented with
various “proximity” combinations (within 500 metres and 700 metres) and they produce
very similar result.
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Table 5: Estimation results

(1) (2) (3) (4) (5) (6)
price/m2 price/m2 price/m2 price/m2 price/m2 price/m2

distance -0.974*** -0.385*** -0.928***
(0.184) (0.115) (0.221)

living far -390.5*** -168.1*** -301.4**
(86.86) (59.08) (120.8)

TTS -9.247 -50.73*** -36.26** -72.96***
(6.892) (13.36) (15.85) (17.09)

TTSfar 40.31*** 22.09
(12.15) (14.90)

TTSdistance 0.101*** 0.0827***
(0.0220) (0.0276)

size -9.471*** -9.439*** -8.939*** -9.034*** -9.120*** -9.323***
(1.694) (1.704) (1.863) (1.847) (1.884) (1.869)

bathrooms 331.0*** 334.9*** 282.1*** 293.3*** 284.9*** 294.6***
(56.22) (54.89) (65.23) (64.91) (65.47) (64.38)

rooms 52.88 51.34 63.79* 59.69 67.07* 67.41*
(37.75) (38.41) (37.31) (38.21) (37.15) (37.97)

condition good 316.1*** 317.8*** 228.4*** 232.5*** 233.3*** 242.1***
(67.90) (66.42) (78.12) (77.08) (77.73) (75.43)

condition perfect 508.3*** 523.0*** 448.5*** 446.2*** 460.4*** 476.8***
(64.39) (63.22) (77.47) (76.64) (77.19) (75.46)

condition new 1104.8*** 1138.6*** 1074.1*** 1091.1*** 1089.3*** 1122.5***
(95.04) (94.87) (119.8) (119.3) (119.6) (118.6)

dist school -2.221 -2.024 -2.144 -2.128
(1.878) (1.831) (1.885) (1.838)

dist supermarket 0.768 1.182 0.502 0.416
(1.223) (1.242) (1.229) (1.270)

dist park -1.478*** -1.805*** -1.214* -1.162*
(0.560) (0.546) (0.628) (0.615)

Observations 483 483 355 355 355 355
Adjusted R2 0.378 0.386 0.395 0.399 0.397 0.410

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

effect of an increase of the distance from the tram stop by 100 meters is
a drop of 70 euros per square meter in the area of Scandicci Center. This
effect is sizable also in Legnaia (32 euros, borderline significant) while it is
negligible in Isolotto.

Looking at the overall effect of living beyond the walking distance (more
than 600 metres from the tram stop) we observe a drop in prices of 146 euros
per square meter in contrast to those who live within 600 metres from the
tram. In Scandicci this value reaches 342 euros per square metre. Again, Leg-
naia presents a smaller price premium, equal to 100 euros (not significantly
different from zero at the 5 per cent) while Isolotto demonstrates stability in
property values with respect to the presence of the tram line.

Our findings are quite robust to different specifications. Analyzing houses
located within 500 and 700 meters from the stop produces very similar results.
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Even including the dis-homogeneous areas in the sample, namely analyzing
properties without excluding hilly more expensive districts, leads to results
that are qualitatively unchanged but present smaller coefficients, since the
sample comprises houses contextually very different from the average prop-
erties in the area.

In order to exploit the information we have about the total commuting
journey, i.e. the distance from the house to the stop plus the time to get by
tram to the centre of Florence, we estimate also the following equation:

Pi = αDISTANCEi + βXi + γTTS + δTTS DISTANCEi + εi (4)

where the variables TTSfar and TTSdistance (inserted respectively in columns
1 and 2) represent the interaction of the variable TTS with the DISTANCE
and the living far variables, estimating the presence of a decreasing effect
of distance on prices. We include the interaction together with the TTS
variable, accounting for structural differences in each stop area. The results,
presented in Table 5, show that staying far from the tram stop (700-1000
meters) decreases on average the value of a house by almost 400 euros per
square meter in the Scandicci terminus, with a decrease in absolute value of
the effect 40 euros for each minute of tram journey toward the centre. This
result supports the macro analysis findings, confirming that the effect on
prices of the tramline is maximum for the areas that experiment an harder
treatment (close to the Scandicci terminus and far from the centre); the pre-
mium associated with the access to the public transit is then declining the
closer we get to the city centre, because the time saved due to the tramline
is smaller.

This relation is presented in Figure 9: the first three values are related
to Scandicci (zero is associated with houses in proximity to the last stop
analyzed – De Andrè, 2 and 3 with the two following stops), the following
three represent property values in Legnaia and the last two (11 minutes and
13 minutes from the terminus) describe the time needed to reach from the
Scandicci terminus the two stops located in Isolotto. One can notice, with
the approximation given by the use of a linear relation, the clear tendency
of the price premium related to the tram line proximity to decrease when
moving towards the city center. The fifth column of Table 5 supports this
pattern.

In the last four columns of table 5 we propose the same analysis with the
inclusion of three variables related to the proximity of each building from
the closest school, supermarket and park. Given that we need exact infor-
mation on the building address to compute these variables, the analysis has
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to be restricted to the three quarter of the sample, thus lowering the signifi-
cance of the estimation and hindering the splitting analysis in the three OMI
zones. However, including these variables we are able to partially control
for the heterogeneity in the attractiveness of the zones along the way of the
tramline, mitigating the potential bias due to omitted variables. The results
highlight that house prices are inversely related to the distance from schools
and, especially, from parks. Once we control for these characteristics, the
quality of the results remains unchanged, thus confirming the robustness of
the analysis.

Summing up, we conclude that the results from the micro estimations
highlighted in this paragraph, although derived by an extremely different ap-
proach (in terms of time span, methodology, house locations) present results
that are qualitatively identical to those of the previous analysis: the price
effect does exists and its magnitude follows the intensity of the treatment.
Moreover, the micro estimates seem to operate a correction of the downward
bias of the previous approach, by exhibiting in all areas price effects higher
in magnitude. Finally, the micro analysis uncovers the presence of a sizable
price effect even in Legnaia, whose results, in the previous analysis, were
probably affected by the wideness of the zone.

Figure 9: Change in housing prices (per square meter) with respect to journey
time from the Scandicci terminus
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3.1 An estimate of the return on investment

As mentioned before, the total expense for the tram line amounted to 264.9
million of euros, financed by national and regional funds, and by the munic-
ipalities interested in the transit. It thus might be useful to verify how the
investment of the government was absorbed as a private surplus. It has to
be noticed that the increase in property prices should account for the overall
increase in utility of the infrastructure, included the benefits in terms of pol-
lution and decrease in probability to have accidents, but the rise in housing
prices does not include the positive externalities of these benefits on the rest
of population in Florence and contiguous districts.

If we compute the jump in the value of the properties considering only
the price increase of Scandicci (the one area exhibiting a significant effect in
the macro approach), the total rise due to the tramline construction reaches
264.5 million of euros21. Adding also the effect on Legnaia, which appears
to be significant in the micro analysis, the overall private effect rises at 320
million euros, with a surplus of about 20 per cent of the construction costs.
Using the results from the micro analysis, the private benefits are not so
different, equal to 275 million of euros22. Thus, the average private benefits
appear to be in line with the amount of funds spent.

Since the tramline redistributes the public funds to the residents of Scan-
dicci and Legnaia, the results could be relevant in the discussion on the reform
of the cadastral values for Italian properties, in the way of a redistribution
of benefits by an increase in the property taxes in the treated area.

4 Public externalities

Apart from the private benefits induced by the jump of real estate values, the
positive shock in the public transportation capacity is expected to produce
important positive public externalities. Tramways and railroads, indeed, are
considered to have favorable environmental characteristics and this is the
reason why many governments and local authorities subsidize public tran-
sit23. Given these premises, after the launch of the tramway we expect areas

21Calculated as number of residential houses in Scandicci Center area multiplied by av-
erage surface (both taken from census data, 2001) and by the price increase of a properties
(average from second semester of 2005 till 2013).

22First the proportion of Scandicci Center and Legnaia surface covered by the 600m-
radius circles is calculated and is then multiplied by number of residential houses, by
average surface and by the price increase of each area, summed up afterwards.

23For instance, Lalive et al. (2013) demonstrate a strong decrease in severe road ac-
cidents as the German regional passenger railway service increases. Green et al. (2014)
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in proximity to the new transit to experience a reduction in car and bus
circulation, leading to an increase in safety and to a favorable evolution of
environmental quality.

4.1 Car accidents

Data on motor vehicle accident counts are obtained from the municipality of
Florence, producing statistics on the number of accidents for each street of
the city in the period 2009-2011. We restrict our sample to the streets which
counted at least 10 car accidents in 2009 (111 streets), thus focusing on high
risk areas. The dataset refers to total yearly accidents regardless of their
severity (accidents which caused no damages or injuries are also included in
the study). For each street exhibiting an accident occurrence we consider
its central point and we then compute the average distance to the nearest
tram stop. The streets are considered “treated” (or “in proximity”) if they
are situated within the area delimited by the two principal roads leading
to the city center from west (Figure 10)24. Since the tram was launched
in February 2010 we conduct a fixed effect regression on a panel of streets
excluding 2010 and just considering 2009 and 2011. The effect of the tram
line on car accidents is identified using the following estimation:

proxi = 1
[
street i in proximity of tram

]
(5)

accit = αi + β11
[
year = 2011

]
it

+ β21
[
year = 2011

]
it
∗ proxi + εit (6)

where accit is number of accidents on street i at time t and proxi is a dummy
equal to one if the street i lies in the proximity of the tram line. The equation

evaluate the impact of central London congestion charges on traffic accidents using the
synthetic control method. A growing body of literature has attempted to evaluate the
effect of public transit on air quality as well. Lalive et al. (2013) show an increase in
air quality related to the development of the German railway service. Chen and Whalley
(2012) demonstrate that the introduction of a new metro system in Taipei in 1996 led to
a significant reduction of CO emissions. Goel and Gupta (2013) find that the Delhi Metro
reduced the carbon monoxide emissions by one third in the treated period. Bel and Holst
(2015) find a significant reduction of the majority of pollutants as a consequence of the
introduction of bus rapid transit in Mexico City.

24The area under analysis could be covered by the area between the two principal roads
parallel to the tramline, via di Scandicci and via Baccio da Montelupo; however, this area
tends to narrow going towards the city center, becoming negligible after about 3 kilometers;
for this reason we obtain the area of interest by projecting towards the city center the
distance measured between these two streets in the western border of the Florence district,
where it is equal to 1.4 kilometers; therefore, we compute a 700 meters range around the
tramway to account for the treatment. Experiments with other “proximity” combinations
produce similar results.
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Figure 10: Treated streets of the municipality of Florence

can be further simplified and estimated:

accit = β0+β1proxi+β21
[
year = 2011

]
it
+β31

[
year = 2011

]
it
∗proxi+εit (7)

Table 6 shows that, after the new tram line started operating, one can
observe an average reduction of car accidents in the surrounding streets by
3 accidents, which is statistically significant and accounts for a bit less than
1/6 of total accidents of 2011.

4.2 Air quality

Air quality in Toscany is recorded by the regional agency of environmental
protection (ARPAT). Established in 1996, ARPAT monitors stations dis-
tributed throughout the region. Concerning air quality, the network reports
hourly and daily measurements of the main pollutants. Due to the character
and the availability of the data we focus our analysis on the particulate mat-
ter (PM10), indicated by several publications as one of the principal causes
of respiratory diseases due to its ability to penetrate deep into human body
with the air25. The pollutant annual average limit values based on the EU

25Arceo-Gomez et al. (2012) demonstrate that a 1 µg/m3 (1.5 percent) increase in
particulate matter (PM10) is associated with 0.24 more infant deaths per 100,000 births.
Guttikunda and Goel (2013) find that particulate matter present in Delhi in 2010 caused
from 7,350 to 16,200 premature deaths per year and around 6 million asthma attacks per
year.
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Table 6: Estimation results

(1)
accidents

streets in proximity -3.151**
(1.539)

year 2011 -3.284***
(0.700)

constant 22.78***
(0.441)

Observations 222
Groups 111

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Air Quality Directive (2008/50/EC) should not exceed 40 µg/m3, while the
recommendations of the World Health Organization26 is to keep the limit
value around 20 µg/m3.

Figure 11: ARPAT monitoring stations of Florence and Scandicci

The ARPAT has five monitoring stations located in the municipalities of
Florence and Scandicci (Figure 11) which allow us to compare the results of
the “treated” Scandicci station with the remaining four control stations, not
affected by the tramway route. To analyse the impact of the infrastructure

26Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulphur diox-
ide. Global update 2005. Summary of risk assessment., World Health Organization, 2005.
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on the particulate matter emissions we apply again the synthetic control
method. Although there are several works on the environmental effects of
various events and policies27, to our knowledge, this tool has not been yet
applied to the pollution studies related to public transport.

To perform the synthetic control method we use as predictors the lagged
PM10 2009 level and the values of NO2. Even though the PM10 pollutant is
measured daily and the values of NO2 are measured every hour, we average
the data to annual basis for seasonality reasons. Both variables are averaged
across the whole pre-treatment period. The period 2008-2012 is analysed (2
years prior to the introduction of the tram line and 2 years afterwards). To
avoid the strong seasonality in pollution indexes the data was converted to
the annual basis.

The synthetic control algorithm assigned positive weights to the stations
of Boboli (0.43) and Mosse (0.57) which are the closest to the Scandicci
monitoring station. Figure 12 (a) demonstrates the evolution of PM10 values
in Scandicci and its synthetic counterpart. One can notice that from the year
2011 the area of Scandicci registers a reduction of the particulate matter of
10% (by 4.4 µg /m3) compared to its synthetic counterpart. Figure 12 (b)
reflects the PM10 gaps between the real and synthetic area in both Scandicci
and the four placebo control stations of Florence. The “in-space” placebo
test shows that the PM10 values of Scandicci are the lowest compared to the
distribution of placebo estimates in the donor pool.

Figure 12: Synthetic control estimations of the air quality

(a) (b)

27Zhang et al. (2016) applied the synthetic control method to evaluate the impact of
the 2008 Olympic Games on Beijing’s air quality. Percoco (2015) uses a similar approach
to estimate the impact of road pricing enforcement in Milan on the traffic flows.
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5 Conclusion

This paper analyses the existence of private and public benefits related to
the implementation of a new tram line in Florence in 2010. In our empirical
analysis we apply two different approaches, each with strengths and criti-
cal points, in order to achieve an all-round investigation of the phenomenon.
Our baseline estimation apply the synthetic control methodology to a sample
of house prices related to micro-zones situated in the municipalities of inter-
est; as a robustness test we estimate an hedonic pricing model using data
on individual apartment price bids downloaded from one of the top estate
agencies in Italy. In our macro estimation we observe, in the areas crossed
by the tram line, a significant increase in house prices starting from 2005, the
year when the construction process started. The jump in prices, as expected,
is graduated as a function of the intensity of the tram line treatment: it is
maximum in Scandicci (about 200 euro per square meter, the 8 per cent of
the synthetic control value), far from the city center terminus, where the
benefits of the time saved due to the infrastructure are higher; the effect
decreases and becomes less significant approaching the city center, and van-
ishes completely close to the Arno river, where the gain of using the tram line
is negligible. Findings from the micro estimation corroborates these results,
with some minor differences in the magnitude of the effect.

The study also analyses the entity of public externalities associated with
the introduction of the tram line, namely the decreased number of car acci-
dents and the increased air quality. According to our findings, after the T1
tram line started operating we observe an average reduction of car accidents
of one sixth in the surrounding streets; other results suggest that, starting
from 2011, in the area of Scandicci there was a decline of the particulate
matter (PM10) pollutant of 10%.

The results of the study are especially important for the city of Florence
for a couple of reasons: firstly, the peculiarity and the artistic constraints of a
city like Florence, the reduced mobility of people and the stickiness of prices
made it not obvious a significant economic impact of the facility, in terms of
private benefits resumed by house price increase. Moreover, the relevance of
these results is amplified by the fact that the T1 tramline is only the first
step of a more ambitious project aiming at enhancing the public transport
facilities in the Florence area.
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