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N . federal governments, unitary states also incorporate territorial elements via mechanisms such as
Spatial concentration

single-member district electoral systems and regional lists. However, certain democratic struc-
tures—most notably many large metropolitan governments—lack formal arrangements for ter-
ritorial representation. This paper investigates whether, and to what extent, territorial disparities
in political representation emerge in these contexts. To address this question, we propose several
novel indices that measure the degree to which each territorial unit is represented relative to its
population share. Using fine-grained precinct-level, geocoded electoral data, we calculate these
indices for a sample of Italy’s metropolitan areas and examine spatial and temporal variations in
territorial representation. We find that areas with consistently below-average representation
exhibit the lowest political engagement, the fewest university graduates, and the lowest
employment rates. Our results contribute to the broader debate on the determinants and impli-
cations of territorial representation for democratic fairness and governance efficiency.

1. Introduction

Territorial representation’ is a pillar of many democratic structures, ensuring that each territory is represented in decision-making
bodies. While the concept of territorial representation does not find a clear and defined space in the classical representation taxonomy
(Pitkin, 1969), it is embedded in many organizational features that characterize the modern democratic state. Although federal sys-
tems explicitly incorporate territorial representation, most unitary states have also adopted mechanisms that reflect this princi-
ple—such as single-member districts, regional party lists, or the designation of special-status regions (see, among others, Forest, 2018;
Wratil, 2019). Whether enshrined in electoral laws or conferred through specific institutional powers, these arrangements share a
common goal: guaranteeing each territory a minimum level of representation, typically proportional to its population size.

The widespread implementation of such mechanisms suggests that territorial representation is instrumental in securing broader
forms of democratic inclusion. The rationale rests on the assumption—echoing the first law of geography (Tobler, 1970)—that
geographic proximity often aligns with shared social, economic, or political interests. Contextual theories of politics emphasize that
political preferences are shaped not only by individual characteristics but also by the social and physical environments in which in-
dividuals are embedded. At the same time, political preferences may become spatially clustered through selection processes such as
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residential sorting, whereby individuals choose places of residence populated by socio-economically or politically similar others.
Together with local mechanisms of homophily and socialization, these processes contribute to the emergence of spatially clustered
patterns of political beliefs (Rodden, 2010; Walker, 2013; Gallego et al., 2016). Ensuring representation for these territorially defined
groups thus provides an effective means to articulate and safeguard their collective concerns. This paper investigates what occurs in
contexts where no formal mechanisms exist to guarantee territorial representation (e.g. electoral systems with a unique electoral
district). Do territories still manage to secure political representation under such conditions? And if so, is this representation
distributed equitably across space, resembling the outcomes we might expect in a more ‘egalitarian’> system?

There are, in fact, real-world examples of democratic systems that lack formal mechanisms for territorial representation. In this
paper, we focus on the governance structures of large Italian metropolitan areas, where institutional arrangements do not explicitly
guarantee geographic representation within the main decision-making bodies.® However, this phenomenon is not unique to the Italian
context. Similar institutional designs can be found in other countries as well—for instance, in the Netherlands, Denmark, Finland, and
Spain—involving the metropolitan governance of cities such as Amsterdam, Rotterdam, Copenhagen, Helsinki, Madrid, and Barcelona,
among others. These examples highlight a broader pattern: even within democratic systems, large urban regions often operate with
governance models that do not explicitly institutionalize equal territorial representation. We can also find examples of the absence of
formal mechanisms to ensure territorial equity at higher institutional levels. For instance, the European Union’s Parliament, while
composed of representatives from Member States, does not ensure proportional territorial representation within countries (see Eu-
ropean Parliament, 2025). Another case is Israel, which uses a single national electoral district for parliamentary elections, meaning
that geographic areas have no dedicated representation, and members of the Knesset are not tied to specific territories. Likewise in the
Netherlands, the national parliament is elected through a single nationwide constituency, resulting in a system in which political
parties dominate representation and have limited incentives to consider equitable territorial representation. These examples illustrate
that although our case study focuses on urban contexts, the same reasoning applies at national and supranational levels. The
contribution of this work rests on the design of several indexes of territorial representation, aimed at capturing how well each ter-
ritorial unit is represented.

When it comes to measuring territorial representation, we can broadly distinguish between two main classes of indicators. The first
class includes measures that assess how much or how effectively a political actor—whether an individual candidate, a party, or a
coalition—represents a given territory. These metrics typically evaluate representation from the perspective of political agents. A
straightforward example is the vote share received by a party in different territorial units, which serves as a proxy for its represen-
tational strength across space. More sophisticated approaches include the candidate dominance index, such as the one proposed by
Ames (1995) in his analysis of electoral strategies under open-list proportional representation. This index captures the extent to which
a specific candidate outperforms others within a district, offering a finer-grained understanding of territorial anchoring at the
candidate level. However, while useful, these measures share a common characteristic: they evaluate territorial representation from
the perspective of the representative, not from the perspective of the territory itself. That is, they tell us how well a political actor
performs in a place, but not how well that place is politically represented relative to others. The second class of indicators employs a
territory-centered perspective to assess whether each territorial unit is afforded an equitable voice in the political process. However,
the corpus of research on territory-centered indicators remains relatively sparse. Two notable contributions in this direction appear in
recent literature on municipal amalgamations. Jakobsen and Kjaer (2016) develop the Periphery Representation Index, which com-
pares the proportion of councilors residing in peripheral areas with the proportion of voters living there. This index captures repre-
sentational disproportionality across former jurisdictions within newly amalgamated municipalities. Similarly, Voda and Svacinova
(2020) employ a binary indicator to assess whether each settlement unit within amalgamated municipalities has representation on the
local council. Other recent studies only partially address this gap in territory-based indicators of political representation. Carella and
Eggers (2024) propose the Spatial Un-Representativeness of Legislatures Index, a cross-nationally comparable measure that captures
the extent to which a legislature’s geographic composition deviates from the spatial distribution of the citizens it represents. Domi-
nguez and Portillo-Pérez (2023) adopt a similar logic in a region-specific context by analyzing the Spanish Congress. They construct the
Territorial Representation Index, defined as the ratio between the share of Members of Parliament (MPs) born in each region and that
region’s share of legislative seats.” A third contribution comes from Vucic¢evi¢ and Bursa¢ (2024), who introduce the Territorial Least
Squares Index, which compares each locality’s share of the population with the share of MPs residing there. Overall, these indices are
confined to the national or regional level, making them less applicable to more granular contexts such as metropolitan areas. Moreover,
they are grounded in the concept of descriptive representation—defined as the similarity between representatives and the represented
in terms of politically relevant characteristics such as gender, ethnicity, or, in this case, geographical origin or residence (Pitkin, 1967).
As such, they do not capture the electoral link between territories and representatives—that is, whether an area has elected one or
more candidates and feels politically represented as a result.

We address this gap in the literature by proposing new measures to evaluate territorial representation, focusing on spatial equity

2 By this, we mean a system in which each territory’s representation is proportional to its population size, as is typical in formal arrangements.

3 In Italy, as in other countries, metropolitan areas often include sub-municipal units with responsibilities in various policy areas, whose rep-
resentatives are directly elected by citizens and thus enjoy democratic legitimacy. However, since these units generally lack full independence from
the municipal government (see Hlepas, 2018), they do not effectively address the issue of unequal geographic representation within city councils. By
contrast, in France, the law that applies to Paris, Lyon, and Marseille (known as the PLM Law) ensures territorial balance through the representation
in the municipal council of the arrondissements municipaux (the sub-units of these large cities) in proportion to their population.

4 This indicator builds on an earlier version introduced by Cuenca and Miranda (1987), relating MPs’ birthplaces to constituency size.
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and democratic fairness. Our first contribution is the Neighborhood Representation Index (NRI), which assesses whether a neigh-
borhood’s representation—defined as the ratio of preference votes received by city-council members to the number of elec-
tors—exceeds or falls below the citywide average. Next, we introduce the Equitable Territorial Representation Index (ETRI), a concise
measure of how uniformly (or unevenly) electoral support for elected politicians is distributed across the city. Finally, we propose two
spatial variants of the ETRI that account for similarities in representation among neighboring precincts, and we adapt the Univariate
and Bivariate Local Moran’s I to detect clustering of consistent voter behavior over space and time.

We apply these indices to a typical context without formal territorial representation, the election of city councils in Italy. Spe-
cifically, we examine the two most recent municipal election rounds held between 2016 and 2022 in Rome, Milan, Turin, and Palermo,
four of Italy’s largest cities (each with a population exceeding 500,000), which represent the country’s North (Milan and Turin), Centre
(Rome), and South (Palermo). We find that every city and election exhibits an imbalance in territorial representation, and that this
imbalance is spatially clustered. Voting preferences cluster at both positive and negative values of the NRI, and these spatial clusters
tend to persist over time. Finally, we employ regression-tree analysis to identify the predictors of these trends and find that areas with
consistently below-average representation tend to exhibit the lowest levels of political engagement (across all cities), have fewer
university graduates (in Milan and Turin), and experience lower employment rates (in Rome).

Imbalances in territorial representation can lead to the unequal allocation of public resources. When certain areas are over-
represented, elected officials may exploit this advantage by directing resources disproportionately to those constituencies for political
gain—a strategy known as pork-barrel spending. These practices are driven by electoral incentives, as politicians seek to maximize
voter support especially ahead of elections (see Aidt and Shvets, 2012; Firpo et al., 2015).” A substantial body of research has
documented the relationship between legislators and the geographic distribution of public benefits, primarily at the national and
regional levels (e.g., Golden and Picci, 2008; Brollo and Nannicini, 2012; Firpo et al., 2015; Fiva and Halse, 2016; Cerqua et al., 2025).
More recently, attention has also turned to municipal legislatures (Hankinson and Magazinnik, 2023; Harjunen et al., 2023; Folke
et al., 2024).

Electoral incentives for pork-barrel strategies are expected to be stronger under single-member district systems, where represen-
tatives maintain a direct and localized connection to their constituencies. At the same time, however, these systems are also theo-
retically associated with a more equitable distribution of public resources, since each territory is represented individually and should
therefore receive a fair share. In contrast, one might expect pork-barrel behavior to be less prevalent under at-large electoral systems,
where such territorial links are weaker. Nevertheless, empirical evidence shows that geographically biased resource allocation can also
occur in the absence of multiple single-member electoral districts. For example, Nagtzaam and Louwerse (2023) find that in the
Netherlands—where parliamentary elections are held under a single nationwide district—members of parliament tend to focus more
on their regions of residence. Harjunen et al. (2023) show that members of Finnish city councils, elected through at-large proportional
representation, protect their own neighborhoods—where they typically have strong electoral support—from school closures. Simi-
larly, Hankinson and Magazinnik (2023) demonstrate that, in Californian cities, transitioning from at-large to district elections is
associated with a more geographically equitable distribution of housing developments. The same electoral transition has been shown
to positively affect minority representation in areas characterized by residential segregation (Abott and Magazinnik, 2020). Finally,
Cerqua et al. (2025) find that politicians in the Lombardy regional government—the largest Italian region—elected through provincial
multi-member proportional representation tend to channel earmarked expenditures toward municipalities where they hold electoral
strongholds. The implications of these dynamics are particularly consequential in urban contexts characterized by entrenched
socio-economic and spatial inequalities. Local politics plays a crucial role in the provision of public goods and services—such as
schools, parks, transportation, and local infrastructure—making the neighborhood in which one lives central to the overall quality of
life. In contexts marked by preexisting socio-economic disparities, research on urban political inequality shows that local political
institutions can be directly responsible for the production of socio-economic inequalities, can exacerbate them, or, at the very least,
leave them unaddressed (Trounstine, 2018; Harjunen et al., 2023; Tomassi, 2025). From this perspective, equitable territorial rep-
resentation constitutes a critical democratic stake, as it may shape whether political processes mitigate or instead amplify patterns of
urban inequality and segregation. In light of these findings, it is essential to assess whether the political system ensures equitable
territorial representation and, if not, to identify the factors driving such inequities. The indices proposed in this study are designed to
address these issues by enabling the ex-ante identification of cities with the most pronounced representation imbalances, as well as the
intra urban areas that are most likely to benefit from or be adversely affected by expected pork barrel behavior.

The rest of this paper is arranged as follows. Section 2 presents the institutional background. Section 3 describes the methodological
approach and the data, while Section 4 illustrates the results of the empirical analyses. Section 5 concludes.

2. Institutional background

In Italy, municipal elections are held every five years and involve the direct election of both the mayor and the municipal council. In
large municipalities,” voters may cast a ballot for the mayor without necessarily voting for a party list or a municipal council candidate.
If they so choose, voters may also cast a split (“disjointed”) vote by selecting a party list other than that supporting their chosen

5 There is also evidence of pork-barrel strategies motivated by personal interests, rather than electoral incentives (e.g., Carozzi and Repetto, 2016;
Fiva and Halse, 2016).

6 Italian electoral rules differentiate between municipalities with populations above or below 15,000 inhabitants. In what follows, references
pertain exclusively to larger municipalities.
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mayoral candidate and expressing up to two preferences for candidates on that list, provided the preferences are for candidates of
different genders. The elections follow a single-district system with open list, allowing voters to select any candidate in the munici-
pality regardless of their place of residence or the candidate’s position on the list. The mayoral candidate who obtains an absolute
majority of votes is elected. If no candidate achieves this majority, a second round is held, and the candidate with the most votes wins.
After the mayor is elected, the distribution of council seats is determined. Seat allocation follows a proportional representation system
using the D’Hondt method,’ although a majority bonus system and an electoral threshold are also in place. The majority bonus system
grants 60 % of the seats to the list or coalition supporting the elected mayor.® Regarding the remaining seats, they are assigned
proportionally among the lists or coalitions that have met the 3 % threshold through the D’Hondt method (for an example of seat
allocation among coalitions and lists, see Table A.1 in Appendix A). The division of seats within a coalition among its lists is also done
through the D’Hondt method. Once the number of seats allocated to each list and coalition is determined, the first seats are assigned to
unelected mayoral candidates linked to a list or coalition that gets at least one seat. The remaining seats assigned to each list are
attributed to the candidates for the city council based on the ranking of preference votes they have received. The number of seats in the
municipal legislative body is established by law, varying based on population thresholds. In this paper, we focus on the latest municipal
elections held in Rome, Milan, Turin and Palermo, four of Italy’s largest cities. Since Rome and Milan have >1 million inhabitants,
their legislative bodies are composed of 48 councilors (consiglieri comunali). Turin and Palermo, with populations between 500,000 and
1 million, have city councils with 40 seats. Once in office, the mayor appoints the members of the executive committee (assessori), who,
together with the mayor, constitute the executive body of the municipality. Members of the executive committee can be selected either
from among the elected councilors or from outside the council. In the former case, since the role of the councilor is incompatible with
that of assessore,’ the vacated seat is assigned to the next candidate in the party list’s order of preference. We consider municipal
council candidates to be ‘elected’ regardless of whether they serve in the municipality’s legislative or executive body (for an illus-
tration of elected councilor candidates in the case of Rome 2021 election, see Table A.2 in Appendix A).

Given the wide range of critical functions performed by Italian municipal administrations—including management of public
utilities (water and waste collection), allocation of public housing, local transportation, parks, schools, and other essential service-
s—municipal councils occupy a central role in local governance. As the principal legislative body at the municipal level, the council
wields substantial decision-making authority. This importance is underscored by the council’s power to pass a motion of no confidence
in the mayor, which, if successful, results in the dissolution of both the mayor’s office and the entire council. Moreover, serving as a
municipal councilor often represents the first step in a political career that may advance to regional and national office, prompting
voters to scrutinize council elections closely. In this paper, we therefore analyze preference votes to assess the degree of territorial
representativeness.

3. Data and methods
3.1. Data

To investigate territorial representativeness in local elections, we use as our starting point the “Sezioni Elettorali Italiane” (SEI)
dataset (Pinto, 2023), which contains geocoded, precinct-level electoral results for some of the largest Italian municipalities, collected
and assembled starting from official municipality archives. Electoral precincts refer to groupings of voters defined by their residential
location, each associated with a specific polling station. While they are neither administrative units with political power nor electoral
districts for seat assignment, they serve solely for the organization and administration of voting operations and represent the smallest
unit at which election data can be obtained. Since they typically encompass between 500 and 1200 voters who live in the same small
area of the city, we consider these electoral precincts as neighborhoods.'® To the best of our knowledge, the SEI dataset is currently one
of the few available resources offering such detailed geocoded electoral information, albeit limited to the major urban areas of a

7 According to this method, the votes received by each list or coalition are divided by a series of coefficients, extending up to the total number of
seats to be allocated. Among these quotients, the highest values—equal in number to the seats to be assigned—are selected. Each list or coalition
receives as many seats as the number of its quotients included in this ranking.

8 However, this rule does not apply if the list or coalition has already secured a greater number of seats through proportional allocation, if another
list or coalition obtains >50 % of the vote, or if—when the mayor is elected in the first round—the mayor’s list or coalition receives <40 % of the
vote.

9 Since Palermo is located in Sicily, a special-statute region, its electoral procedures are governed by Sicilian regional law. Although this
framework mirrors the national system, it contains several key differences: first, an absolute majority is not required to elect the mayor in the first
round; instead, the candidate with the most votes wins, provided they secure at least 40% of the total. Moreover, Sicilian municipal elections —
unlike those in ordinary-statute regions — feature (i) a 5% vote threshold for lists or coalitions to obtain seats; (ii) a reserved seat for the runner-up
candidate who receives the highest number of votes, provided they secure at least 20%; and (iii) compatibility between the roles of councilor and
member of the executive committee.

19 Throughout the paper, we use the terms “precincts” and “neighborhoods” interchangeably.
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country.'! Precinct-level electoral results offer several key advantages. First, they help mitigate the risk of ecological fallacy by
providing highly granular data (Alabrese et al., 2019). Second, they serve as a valuable alternative to individual surveys, which can be
affected by various biases —such as reporting bias (Karp and Brockington, 2005; Selb and Munzert, 2013)— and are subject to
sampling error (Groves et al., 2011). Third, they enable detailed spatial analysis by incorporating information on voters’ geographical
residence (e.g., Bellettini et al., 2016; Doering et al., 2021; Essletzblcher and Forcher, 2022). Additionally, the SEI dataset integrates
census data from the Italian Institute of Statistics (Istat) through spatial interpolation,'* allowing for the analysis of demographic and
socio-economic determinants of spatial voting patterns. Leveraging these strengths, the SEI dataset stands out as a powerful resource
for electoral research, covering major cities across all geographic areas of the country (Crulli and Pinto, 2023; Giuliani et al., 2025).

As previously noted, we draw on data from the two most recent municipal election rounds in four of Italy’s largest cities: the 2021
and 2016 contests in Milan, Turin, and Rome, and the 2022 and 2017 contests in Palermo.'®> We construct our dataset in two main
steps. First, we expand the SEI dataset by collecting data from municipal online electoral archives on the number of electors and
preference votes at the electoral-precinct level for five of the eight elections under consideration. Then, in a second step, we match
candidates based on their first and last names, city and year of election, with those listed as elected in the Register of Local and Regional
Administrators of the Ministry of the Interior (https://dait.interno.gov.it/elezioni/anagrafe-amministratori) to identify the elected
candidates. In some cases, elected candidates renounce their assigned seats. For example, in the 2021 Rome election, nine councilors
took office at a later date. Five of them replaced elected candidates who were appointed as members of the executive committee’®; two
assumed seats vacated by mayoral candidates who had won a seat but resigned; three filled positions left by councilors who stepped
down after being elected as senators of the Italian Republic in 2022 (19th legislature). Since our objective is to consider politicians who
effectively represent voters, we use the Register of Local Administrators as of December 31 of the year following the election, thereby
excluding those who left office early.

Finally, we have constructed several socio-economic variables using census data from the SEI archive: population; the percentage of
residents aged 65 and over; the percentage of foreigners; the percentage of residents with a university degree; the employment rate for
individuals aged 15 to 64; the average turnout in the last two municipal elections; and the average ratio between the number of
preferences and votes in these elections.

3.2. Methods

3.2.1. Neighborhood and equitable territorial representation indexes

In municipal elections, not all territories are equally represented in the city council. This is a key concern for the electoral system, as
elected politicians may not accurately reflect the geographic diversity of the electorate, especially in large cities.'® In practice, local
politicians may be elected by votes concentrated in specific parts of a city, with candidates drawing the bulk of their support from a
limited set of territories. For instance, in Rome’s 2016 municipal election, elected local politicians received, on average, 71 % of their
preference votes from just 10 % of precincts and 88 % from 20 % of precincts. Slightly lower concentrations appear in other cities and
years; for instance, in Milan in 2021, 76 % of preference votes for elected candidates came from 20 % of precincts (see Table A.3 in
Appendix A). Such spatial imbalances can leave some territories almost unrepresented, raising questions about the fairness of the
representation structure and eventually the legitimacy of the local governance. Our methodological contribution aims to introduce a
measure of spatial imbalances in representation that can be used for comparative analyses across both space and time.

We index cities by k, neighborhoods by i, and election years by t, allowing the number of electors to vary across neighborhoods. We
assume that each city consists of N neighborhoods, indexed by i = 1,...,N, and for notational simplicity we omit the dependence of N
on the city k. Moreover, each voter may express preferences for up to two candidates from a pool of L politicians, although only G of

1 Similar efforts to collect this kind of data have been undertaken in the United States (Baltz et al., 2022; Voting and Election Science Team, 2020),
and, more recently in India (Jensenius et al., 2025). In other countries, such as Spain and Sweden, these data are collected by national authorities
(Carozzi and Repetto, 2019; Folke et al., 2024). More often, precinct-level electoral data are employed in single case studies, focusing on large cities
or metropolitan areas (Walker, 2013; Bellettini et al., 2016; Doeing et al., 2021; Pratschke et al., 2023; Essletzblcher and Forcher., 2022; Alipour and
Lindlacher, 2025).

12 We use 2021 census data at the electoral-precinct level from the SEI database, which were estimated using weighted areal interpolation with the
Tobler Python package. While census blocks (celle di censimento) are smaller than electoral precincts by a factor of ~7 (e,g, in 2021 in Rome there
were 15,398 census blocks and 2,603 electoral precincts), it is not possible to mechanically aggregate census blocks to electoral precincts because
the borders do not always coincide-and thus the need of interpolating the data. Consequently, census data are re-aggregated to electoral neigh-
borhoods using spatial interpolation where boundaries do not match.

13 This allows us to analyze geographically diverse case studies and examine temporal dynamics in the spatial concentration of unequal territorial
political representation.

14 This process requires further standardization of candidates’ first and last names, as electoral lists frequently record them in non-standard formats
and occasionally include nicknames. Consequently, manual adjustments are necessary.

15 Note that in Rome, the city council comprises 48 councilors. After the 2021 election, five elected councilors were appointed to the executive
committee as assessors and were replaced by the next unelected candidates on their lists. This would suggest 53 elected individuals (48 original
winners plus 5 replacements). However, since one of the seats was instead assigned to a non-elected mayoral candidate—who we exclude from our
dataset—the 2021 Rome dataset includes 52 elected individuals.

16 As discussed in Section 1, although our analysis is confined to the local level—particularly large cities—the same concerns, and thus the
applicability of our Indexes, apply equally to higher levels of government.
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them will ultimately be elected (so, L > G) 7 Insucha system, we posit that there is no disproportionality in territorial represen-

tativeness if the ratio between the number of preferences cast for elected politicians and the number of electors is the same across

__ Preferences;;

precincts. More formally, let 7, = TSy denote the ratio between the number of preference votes for politicians that are elected

(i.e., excluding votes cast for non-elected politicians'®) and the number of electors. We can define the average ratio for city k and time t
across electoral neighborhood as 7., = % Zf\i 1 ni,kﬁt.lg We can then define the Neighborhood Representation Index (NRI) as:

NRIij = Tige — e (€9)]

which for neighborhood i corresponds to higher than average territorial representation if NRI;;, > 0 and lower than average territorial
representation if NRI;x, < 0. Only in the case that NRI;, is equal to 0 across all neighborhoods we can have perfectly proportional
territorial representation for city k and time t. Indeed, in case of homogeneous territorial representation across neighborhoods we
would observe:

NRIijy = mige —Tpe =0, Vi @)

To quantify deviations from this ideal, we propose an adaptation of the Gallagher Index (Gallagher, 1991). In its original form, the
Gallagher Index measures the disproportionality between the percentage of votes received by political parties and the percentage of
seats they obtain in a legislature. It is calculated by taking the square root of half the sum of the squares of the differences between each
party’s vote share and seat share percentages.’’ A lower Gallagher Index denotes more proportional representation, whereas a higher
index value denotes greater disproportionality. The Gallagher Index is bounded below by 0 but not above, with its maximum
determined by the features of the electoral system and the normalization of vote and seat shares. While the Gallagher Index is a widely
used tool for measuring how party-level electoral outcomes deviate from an ideally proportional allocation, it is not designed to assess
the disproportionality in territorial political representation.

In this study we adapt the Gallagher Index formula to measure the proportionality of territorial representativeness in a context with
proportional,”! open-list and single-district electoral system. Our unit of analysis will be a group of voters living in a certain delimited
area or neighborhood, that we will call electoral neighborhood (in the Italian case we will use electoral precinct—*sezione elettorale”).
Instead of calculating vote-seat differences for each political party (as in the Gallagher Index), we compute the difference between the
ratio of preferences for elected politicians to the number of electors in each electoral neighborhood and the average of that ratio across
all electoral neighborhoods. In particular, we compute the Equitable Territorial Representation Index (ETRI) for city k at time t using
the following formula:

1Y 1Y _
ETRIg = \| 5 3 WikeNRIil® = |5 3 Wik (Tuke = Tokr)” ®3)
i=1 i=1

Electors; k.,
Zji 1Electors]_k_r
ensures that neighborhoods with larger electorates contribute more to the overall measure.

ETRI provides a concise summary of how uniformly (or unevenly) electoral preferences for elected politicians are distributed
relative to the electorate, thus offering a valuable diagnostic tool for assessing the fairness and representativeness of the electoral
system at the city level. ETRI has several attractive features. First, if every neighborhood exhibits the same ratio of preference votes for
elected councilors to electors in city k and time t—i.e., if 7;x; = 7.k, for all i—then each term inside the sum vanishes, and the index
equals zero, indicating perfect proportionality in territorial representation. Second, larger deviations of ;. from 7., will increase the
value of the index, signaling greater disproportionality. Third, the weights w;, take into account that larger electoral neighborhood
should have a greater impact on the overall electoral outcome. Fourth, as ETRI does not directly depend on the number of electoral
neighborhood, it allows fair comparisons across different cities and time periods.

where the weighting by w;y, = takes into account that neighborhoods might differ in number of electors and, therefore,

17 Reflecting the Italian context, we allow up to two preference votes, although we anticipate similar results if voters select just one candidate or
indicate more than two preferences.

18 It is worth noting that our index, which aims to capture how much a territory is politically represented, differs from standard measures used to
assess the intensity and determinants of preference voting. These typically compute the ratio of total preferences cast to either the maximum number
of expressible preferences or the number of valid party votes (Katz and Bardi, 1980; Katz, 1985; Passarelli, 2017).In the remainder of the paper,
unless otherwise specified, the terms “preference” and “preference votes” refer exclusively to votes cast for elected politicians.

12 In the context of our empirical analysis, the theoretical range of the ratio 7;, extends from 0 (indicating no preferences for elected politicians) to
2 (if all electors vote and give two preferences to elected politicians). In practice, however, the maximum value of 7; is usually much lower than 2
because some electors do not vote, some voters do not express preferences, and others allocate their preferences to candidates who are not elected.
For example, in the municipal elections of Milan in 2016, the maximum value of 7; yi1an 2016 Was 0.3140, while its average value (i.e., 7. pjiian 2016) Was
0.1692.

20 More formally, the Gallagher Index of disproportionality is defined by the formula %Zfi L (vi —s1)* , where v; is the percentage of votes

received by party i, s; is the percentage of seats won by party i and N is the total number of parties.
21 More precisely, the system is quasi-proportional due to the majority bonus and the electoral threshold (see Section 2).
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3.2.2. The spatial equitable territorial representation indexes

However, ETRI does not account for whether—or how—preferences are spatially concentrated. Therefore, it is desirable to develop
an index that captures two elements: first, the non-spatial variability of the phenomenon under analysis, which remains unchanged
under any permutation (i.e., any rearrangement) of electoral neighborhoods, and second, the influence of geographical location on the
disproportionality of territorial representation.?” This is why we propose also a spatial version of the ETRI—hereafter referred to as the
Spatial ETRI—where we restrict the comparison of the ratio 7;  only with the average ratio of its neighbors, defined as those electoral
neighborhoods having a common boundary or a common vertex with electoral neighborhood i in city k (Queen contiguity). The Spatial
ETRI is defined as:

2
. 1 N
Spatial ETRI; = 2 Z Wikt <7Ti.k.t - Z Wijk ”j,k,t) “
i=1 =

where w; is the spatial weight between electoral neighborhoods i and j in city k.?? Since in our application electoral neighborhoods do
not undergo boundary changes over time, we use time-invariant spatial weights w;x. Conceptually, Spatial ETRI extends ETRI by
incorporating spatial proximity: while ETRI measures overall disproportionality in territorial representation, Spatial ETRI captures the
extent to which such disproportionality is spatially clustered.

The relationship between the two indices is made explicit through the Spatial ETRI ratio: if electoral neighborhoods that are
geographically close exhibit a higher degree of similarity in the ratio of preferences for elected politicians to electors—compared to
neighborhoods that are farther away—then we would expect the Spatial ETRI to be smaller than the standard ETRI. It may therefore be
useful to compute the ratio between the two, defined as:

Spatial ETRIy,

Spatial ETRI ratiox, =
patia ratioy ETRI,,

)

If this ratio is below 1, it indicates that territorial representation is spatially clustered, meaning that similar levels of ;4. tend to
occur in neighboring precincts. More specifically, the lower the ratio, the stronger the spatial clustering of territorial representation.
Conversely, a ratio above 1 suggests negative spatial concentration, implying that areas with high and low levels of support are
geographically dispersed.

3.2.3. The local equitable territorial representation indexes
Next, we adapt an existing index, the Moran’s I, to measure how the ratio 7;, is similar to neighboring electoral precincts:

N Y Z}N:lwij.k (Tiee = Toee) (Tjke — Tokr)

Zﬁil Zjilwij«k Z{il (”i,k,t - ﬁ«,k,t)2

Positive values of the Moran’s I suggest positive spatial autocorrelation (clustering), while negative values indicate negative spatial
autocorrelation (dispersion). A value close to zero implies a random spatial pattern. We will use this index solely to corroborate the
findings of the Spatial ETRI ratio, as the Moran’s I is not suitable for measuring the overall disproportionality of territorial repre-
sentation—it only captures similarities between neighboring precincts.

The ETRI and Spatial ETRI measure overall disproportionality in territorial representation but do not indicate how this dis-
proportionality is spatially distributed or whether geographical clusters exhibit above- or below-average representativeness. The
Univariate Local Moran’s I (Anselin, 1995) can then be adapted to detect such local spatial clusters, providing a more detailed view of
spatial patterns of representativeness. The Univariate Local Moran’s I for electoral precinct i in city k and time ¢ is defined as:

Moran I, =

(6)

(T[i.k.t - ﬁ-.k,z) : Z,N:]Wij.k (”j,k.t - ﬁ«,k‘t)
Zﬁl (ﬂ'i.k.t - ﬁ»‘k.t)z

This index provides a localized measure of spatial autocorrelation. Specifically, it quantifies how the NRljx,, i.e., Tixs — 7.
compares to those of its bordering precincts. A positive Local Moran’s I value indicates that precinct i is part of a local cluster where
precincts exhibit similar values (either High-High or Low-Low clusters). A negative value suggests that precinct i is a local outlier, with
its deviation from the overall mean opposing that of its neighbors (indicating High-Low or Low-High configurations). This index,
therefore, helps in identifying spatial clusters and outliers in territorial representativeness, shedding light on local patterns that might

Local Moran Ly, =

@)

22 A similar line of reasoning can be applied to the study of the geographical distribution of economic inequality using spatial versions of the Gini
index (see Rey and Smith, 2013; Panzera and Postiglione, 2020).

23 Note that these weights have been row-standardized. Row-standardization means that for each precinct i, the sum of all weights associated with
its neighbors equals 1. This process is important because it normalizes the influence of each precinct regardless of the number of neighboring
precincts, ensuring a fair comparison across different areas.
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be obscured by broader, aggregate measures. We will use this index to investigate whether local clusters exist and how common they
are across cities and time periods.>* This computation of the Local Moran’s I complements the global Moran’s I in Eq. (6), as it de-
composes overall spatial autocorrelation into localized patterns and identifies the areas driving global spatial dependence.

Lastly, it is of particular interest to test whether there exist some areas that are capable (or not capable) of obtaining a higher than
average representativeness across elections held in different years. To investigate the spatial clustering of territorial representativeness
over time, we adapt the Bivariate Local Moran’s I to the context of territorial representation. This index measures the local spatial
association between two variables—in this case, the ratio of preferences for elected politicians to the number of electors in two
different time periods—across the electoral neighborhood of a city. The Bivariate Local Moran’s I for electoral precinct i in city k for the
same variable measured in two different time periods is defined as:

(Tike, = Tokn) - pa Wik (Tike, — Fokery)
J

Eil (”i.k,n — Tk )2

(8)

Bivariate Local Moran I;; =

where t; > t;. A positive index value for a given precinct indicates that high (or low) values of the ratio for the first time period t; (e.g.
2016) are surrounded by similarly high (or low) values of the ratio measured at t, (e.g. 2021) in neighboring precincts. This pattern
suggests spatial clustering of consistent voter behavior over time. Conversely, a negative value points to a spatial mismatch, where
precincts with high ratios in one period are adjacent to precincts with low ratios in the other, highlighting areas of significant change in
political preferences relative to electorate size. Essentially, this index allows us to identify the following spatio-temporal clusters: (i)
High-High; (ii) Low-Low; (iii) Low-High; (iv) High-Low; and (v) no statistically significant clusters. Table 1 summarizes all proposed
indexes.”

3.2.4. The regression tree

To analyze the clusters identified by the Bivariate Local Moran’s I, we employ a regression tree, a nonparametric estimator that
does not impose a predetermined functional form on the relationship between covariates and the outcome. In our application, the
outcome variable represents the probability that an electoral precinct belongs to the High-High cluster of territorial political
representation.

Let x; = (xi, ..., Xim) denote the vector of M covariates for electoral precinct i, and let y; denote the corresponding scalar outcome
variable. For a given city k and election year ¢, consider a node containing N observations { (x;,y;) }il

In a regression tree estimated using the ANOVA criterion, the optimal constant prediction within a node is given by the sample
mean

- 1 N
Y==> ¥
N ; !
The residual sum of squares (RSS) associated with the node is therefore
ul N2
RSSnode = E(,y; 7}’) .
i=1

Consider a candidate split based on covariate x,, and threshold s, which partitions the observations into two disjoint regions:
R, = {l : Xim < S}, R, = {l ! Xim >S}.

Let Njand N, denote the number of observations in R;and R,, respectively, with N; + N, = N. For notational simplicity, the
dependence of R;and Ryon m and s is suppressed.
The optimal predictions within each region are given by:

- 1 - 1
YR, = I\TIZYi,.YRZ = I\TZZYi’

icRy icRy

with corresponding residual sums of squares:

2 2
RSSg, = Z(}'i —)’R1> ; RSSg, = Z(}’i —}'R2> .

i€R; i€R,

The improvement generated by the split, measured as the reduction in the residual sum of squares, is then:

2% The use of local indicator of spatial association (LISA) is not uncommon in analyzing the spatial dynamics of electoral politics (Heppen, 2003;
Shin and Agnew, 2007; Walker et al., 2013). However, to the best of our knowledge, their potential has never been exploited to create an index of
local political representation.

25 We recognize that the Local Moran’s I and the Bivariate Local Moran’s I applied to territorial representation do not introduce new indices, but
instead adapt the original measures to this specific setting.
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Table 1
Summary description of all territorial representation indexes.
Index Formula Interpretation Applicability
Neighborhood NRIj: = Tkt — Tkt NRI;x, > 0 corresponds to higher than When one is interested in assessing the
Representation average territorial representation, while territorial representation at the

Index (NRI)

Equitable Territorial
Representation
Index (ETRI)

Spatial ETRI

Spatial ETRI ratio

Univariate Local
Moran’s I for
Territorial
Representation

Bivariate Local
Moran’s I for
Territorial
Representation

1
ETRIx, = \/E 211 Wike (Tike — i.k.[)z

Spatial ETRI, =

1 N N 2
\/ﬁ ZH Wikt (”i,km - Zj:1 Wijk * ”J‘Kf)

Spatial ETRIy,

ial ETI i =
Spatial ETRI ratioy FTRIy,

Local Moran Iy, =
— N —
(/Ti,k‘r - ”-.k.z) . Zj:lwi]',k (”j.k.t - ”‘.k.t)

Zivzl (”i,k.t - ﬁ-.k.r)2

Bivariate Local Moran I =

(Tikes = Toknr) 'Z}ilwij.k (T = Tokrs)

— 2
le (”i.k.n - ”-.k,n)
where t; > t;

NRI;x, < 0 corresponds to lower than
average territorial representation for
neighborhood i. Only in the case that
NRI;, is equal to 0 across all
neighborhoods we can have perfectly
proportional territorial representation for
city k and time t.

Territorial representation is defined as
the ratio of preference votes received by
elected councilors to the total number of
electors.

ETRIi, > 0. Larger deviations of 7,
from 7. x, will increase the value of the
index, signaling greater
disproportionality. Only if every
neighborhood exhibits the same ratio of
preference votes for elected councilors to
electors in city k and time t—i.e., if 73, =
7.k for all i—ETRI, = 0.

The weights w;, take into account that
larger electoral neighborhood should
have a greater impact on the overall
electoral outcome.

Its formulation resembles that of ETRI but
it differs by restricting the comparison of
the ratio 7, only with the average ratio
of its geographic neighbors.

wiik is the spatial weight between
electoral neighborhoods i and j in city k.
If the Spatial ETRI ratio is below 1, it
indicates that territorial representation is
spatially clustered, meaning that similar
levels of ;. tend to occur in neighboring
precincts. Conversely, a ratio above 1
suggests negative spatial concentration,
implying that areas with high and low
levels of support are geographically
dispersed.

It quantifies how the NRI;x,, i.e., mix; —
7.kt, compares to those of its bordering
precincts. A positive Local Moran’s I
value indicates that precinct i is part of a
local cluster where precincts exhibit
similar values (either High-High or Low-
Low clusters). A negative value suggests
that precinct i is a local outlier, with its
deviation from the overall mean
opposing that of its neighbors (indicating
High-Low or Low-High configurations).
A positive index value for a given precinct
indicates that high (or low) values of the
ratio for the first time period t; are
surrounded by similarly high (or low)
values of the ratio measured at t; in
neighboring precincts. This pattern
suggests spatial clustering of consistent
voter behavior over time. Conversely, a
negative value points to a spatial
mismatch, where precincts with high
ratios in one period are adjacent to
precincts with low ratios in the other.

neighborhood level within a city in a
specific time period.

When one is interested in a concise
summary of how uniformly (or unevenly)
electoral preferences for elected
politicians are distributed relative to the
electorate within a city in a specific time
period.

When one is interested in a concise
summary of how uniformly (or unevenly)
electoral preferences for elected
politicians are distributed across
neighboring precincts within a city in a
specific time period.

When one is interested in a relative
measure of how concentrated (dispersed)
is territorial representation within a city
in a specific time period.

When one is interested in identifying
spatial clusters and outliers in territorial
representativeness within a city in a
specific time period.

When one is interested in identifying
spatio-temporal clusters in territorial
representativeness within a city between
two time periods.
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Table 2
Descriptive statistics.
Milan Turin Rome Palermo
Population 1109.92 935.38 1087.74 1086.07
(546.64) (326.73) (574.55) (687.84)
Residents aged 65+ ( %) 23.53 26.55 24.29 22.96
(6.23) (6.20) (6.14) (5.80)
Employment rate - 15-64 years old ( %) 69.84 65.87 62.71 47.28
(5.63) (5.71) (5.22) (8.52)
Foreigners ( %) 17.63 13.99 11.70 3.70
(11.00) (9.51) (7.80) (5.54)
Residents with a university degree ( %) 31.00 21.47 26.46 17.68
(12.04) (10.86) (10.58) (11.54)
Turnout ( %) 46.71 49.26 48.22 43.94
(5.46) (6.04) (8.35) (6.31)
Number of preferences / number of votes 0.3278 0.2961 0.2891 0.8402
(0.0663) (0.0671) (0.0619) (0.0856)
Number of preferences for elected politicians/ number of electors (7;x) 0.0691 0.0527 0.0519 0.1141
(0.0192) (0.0162) (0.0190) (0.0320)
Number of electoral precincts 1205 902 2452 579

Notes: Standard deviations are reported in parentheses. The last three variables represent the average values across the two municipal elections under
analysis. Socio-economic variables are derived from the 2021 census data.

ARSS = RSS;0de — (RSSg, +RSSkr,) ()]
The algorithm selects the split that maximizes ARSS over all covariates m = 1,...,M and all admissible thresholds s, that is,

max {RSSnode (RSSk, + RSSk,)} (10)

Once the optimal split is selected, the procedure is recursively applied to each resulting child node until a stopping criterion is met,
such as a minimum node size or a maximum tree depth.

In the empirical application, we specify the “High-High” dummy—derived from the Bivariate Local Moran’s I—as our dependent
variable, with the socio-economic covariates described in Section 3.1 as predictors. To assess robustness, we alternatively employ the
“Low-Low” dummy—also derived from the Bivariate Local Moran’s I—as the dependent variable. To enhance model interpretability
by visually delineating a limited number of homogeneous response regions, we set the minimum split size to 30 precincts and the
maximum depth to 2.

3.3. Descriptive evidence

Before running the empirical analysis, it is important to provide some descriptive statistics concerning the four cities under analysis
to assess the potential presence of relevant differences among them. Table 2 reports the average and standard deviation of the key
variables in each of the cities.”®

Although the electoral neighborhoods in the four cities are comparable in population size and proportion of elderly residents, they
differ markedly in educational attainment, employment rates, the share of foreign-born residents, and political outcomes. In particular,
Palermo exhibits significantly lower educational attainment, a smaller proportion of foreigners, and a much lower employment rate.
Moreover, despite recording the lowest voter turnout, Palermo’s average number of preference votes per voter is 0.84—more than
double that observed in the other cities. This is consistent with the historically higher rates of preference voting observed in the South
of Italy (Katz and Bardi, 1980; Katz, 1985).

Importantly, the ratio of preferences for elected politicians to the number of electors (z;;) exhibits considerable statistical vari-
ability across electoral neighborhoods within each city (proxied by its standard deviation), suggesting that political representation is
not uniform across areas. To explore the geographic distribution of this variable, Fig. 1 presents choropleth maps for each election
analyzed, illustrating the distribution of z; by quartiles. These maps provide suggestive evidence that several neighboring precincts
exhibit high values of r;, indicating potential clustering of above-average territorial representation. Notably, particularly in Palermo,
some of these clusters remain stable over time, suggesting that certain areas are consistently overrepresented. Conversely, there are
areas where precincts cluster around low 7; values. However, a more robust empirical analysis is needed to formally test for clustering
and to investigate the socio-economic determinants underlying these patterns.

26 The number of electoral precincts used for the analysis is, for each city, slightly smaller than the official count. Indeed, to ensure the reliability of
the analysis, we excluded precincts with anomalous characteristics (e.g., more votes than registered voters, or very few registered voters). These
anomalies can generally be explained by the presence of special polling stations (seggi speciali), such as those in prisons and hospitals, or by clerical
errors in the municipal electoral archives. We are confident in the robustness of our analysis, as the excluded precincts never exceed 5.8% of the
total—this upper bound occurring in the case of Rome.

10
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Fig. 1. Geographic distribution of the ratio of preferences to the number of electors by neighborhood across cities and elections.

Notes: Choropleth maps show the distribution of z;—defined as the ratio of preferences obtained by elected politicians to the number of registered
electors—across electoral precincts in Milan, Turin, Rome, and Palermo. For each city, the map on the right refers to the most recent municipal
election, while the map on the left refers to the immediately preceding one. Precincts are grouped into quartiles based on =i values, with darker
ihades indicating higher levels of territorial representation.

Table 3

Estimates of territorial representativeness indexes.
City Election year ETRI Spatial ETRI Spatial ETRI ratio Moran’s I
Milan 2016 0.0186 0.0162 0.8732 0.2871
Milan 2021 0.0183 0.0151 0.8248 0.3700
Turin 2016 0.0107 0.0102 0.9522 0.2079
Turin 2021 0.0174 0.0147 0.8444 0.3596
Rome 2016 0.0142 0.0113 0.7948 0.4248
Rome 2021 0.0197 0.0162 0.8205 0.4001
Palermo 2017 0.0286 0.0220 0.7702 0.4049
Palermo 2022 0.0250 0.0203 0.8132 0.3648

Notes: The spatial matrix used to compute the Spatial ETRI and the Moran’s I is based on the Queen contiguity between electoral neighborhoods. The
number of electoral neighborhoods considered is the following: 1205 for Milan, 902 for Turin, 2473 for Rome and 583 for Palermo. Statistical
significance was evaluated using 999 permutations for all indices with a spatial component, while ETRI was assessed using 2000 bootstrap samples;
all resulting estimates are statistically significant at the 1 % level.

4. Results

The empirical analysis begins by estimating territorial political representation indexes for each municipal election under analysis.
Table 3 presents the estimates for the ETRI, Spatial ETRI, Spatial ETRI ratio and Moran’s I.

These estimates suggest that territorial representation is more concentrated in Palermo than in the other cities—a pattern
consistent across both elections. Moreover, in every city and election, the Spatial ETRI ratio is below 1, indicating that voting pref-
erences are spatially clustered, as further supported by the positive values of Moran’s I. Across both elections, Palermo exhibits the
highest geographical inequality in political representation as well as the strongest spatial clustering of preferences. With regard to
temporal dynamics, no clear pattern emerges: territorial representation appears to become more concentrated over time in Turin and
Rome, whereas the opposite trend is observed in Milan and Palermo. Furthermore, the Spatial ETRI ratio declines in the most recent
municipal election solely in the northern cities, indicating that spatial clustering of preferences has intensified there but not in Rome or
Palermo. Importantly, all estimates of are statistically significant at the 1 % level. For the spatial indices, statistical uncertainty was
assessed using 999 permutations (Spatial ETRI, the Spatial ETRI ratio, and Moran’s I), which is a standard approach for evaluating
uncertainty in the presence of spatial dependence (Anselin, 1995).?” For ETRI, we employed a standard non-parametric bootstrap
procedure based on 2000 bootstrap samples (Biewen, 2002). It is also worth noting that these estimates do not depend on the choice of
the spatial weight matrix, as the use of alternative spatial matrices (5 nearest neighbors and inverse Euclidean distance) leads to similar
estimates, as reported in Table B.1 in Appendix B.

While these indices provide an overview of the global level of disproportionality in political representation across precincts, they do
not indicate where political representation is concentrated or whether clusters of neighboring areas are “politically over-represented”.
Thus, we now focus on the potential presence of geographical clusters in each election by mapping the estimates obtained via the
Univariate Local Moran’s I, as shown in Fig. 2. Each map reveals four distinct geographical clusters of the study variable. The
“High-High” category—often referred to as hotspots—identifies precincts with above-average political representation that are sur-
rounded by neighbors with similarly high values. The “Low-Low” category, or cold spots, denotes precincts with below-average
representation surrounded by precincts with comparably low values. The “High-Low” category comprises precincts with above-
average values that are surrounded by precincts with below-average values, while the “Low-High” classification represents the
opposite scenario. All clusters displayed in Fig. 2 are statistically significant at the 5 % level. Across all maps, most clusters fall into
either the “High-High” or “Low-Low” categories, confirming the presence of spatial clustering in territorial representation. Clusters
are notably more common in Rome and Milan compared to Palermo and Turin. For example, in the first election (2016 or 2017), >20
% of electoral neighborhoods in Rome and Milan were classified as either “High-High” or “Low-Low.”

Next, we examine the dynamics of territorial representation over time by linking the spatial voting patterns observed across two
consecutive elections in each metropolis. To accomplish this, we utilize the Bivariate Local Moran’s [ statistic described in Section

27 Statistical significance is assessed using permutations for the spatial indexes (Spatial ETRI, the Spatial ETRI ratio, and Moran’s I). For instance, a
permutation distribution for Moran’s I is an empirical, nonparametric reference distribution generated by repeatedly randomizing the spatial
arrangement of the observed data and recalculating Moran’s I for each randomized dataset. This approach simulates the null hypothesis of spatial
randomness by breaking any inherent spatial structure while preserving the marginal distribution of the variable. The resulting distribution of
Moran’s I values serves as a benchmark against which the observed statistic is compared, allowing one to compute a p-value that quantifies the
likelihood of observing an autocorrelation more extreme than the one measured in the data.
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Fig. 2. Univariate Local Moran’s L.

Notes: Maps show the local clusters of the territorial representation across electoral precincts in Milan, Turin, Rome, and Palermo, as identified by
the Univariate Local Moran’s I. For each city, the map on the right refers to the most recent municipal election, while the map on the left refers to the
immediately preceding one. Red and blue areas indicate clusters of precincts with above- and below-average representation, respectively. Light red
and light blue areas represent precincts with above-average values surrounded by below-average areas, and vice versa. Gray areas indicate no
statistically significant spatial clusters at the 5 % level. Statistical significance is determined on the basis of 999 permutations.
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Fig. 3. Bivariate Local Moran’s I.

Notes: Maps show the local clusters of the territorial representation across electoral precincts over time in Milan, Turin, Rome, and Palermo, as
identified by Bivariate Local Moran’s I. Red and blue areas indicate clusters of precincts with above- and below-average representation in both
electoral rounds, respectively. Light red and light blue areas represent precincts with above-average representation in one election surrounded by
below-average areas in the other election, and vice versa. Gray areas indicate no statistically significant spatial-temporal clusters at the 5 % level.
Statistical significance is determined on the basis of 999 permutations.
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Fig. 4. Regression trees estimates with the “High-High” dummy.
Notes: the dependent variable is a dummy variable which is equal to 1 for precincts identified as “High-High” by the Bivariate Local Moran’s
1, 0 otherwise.

3.2.3. Fig. 3 presents the results through the cluster maps, which illustrate the spatial distribution of clusters in each city.?® Only
precincts with statistically significant local Moran statistics (at the 5 % level) are highlighted in varying shades of blue or red. Notably,
the least common cluster types in all cities are Low-High and High-Low—for example, in Milan just 4.2 % of precincts are Low-High
and 4 % are High-Low. By contrast, the most prevalent clusters are High-High (13.2 % in Milan and 13 % in Turin) and Low-Low (10
% in Rome and 11.2 % in Palermo). This pattern demonstrates that voting preferences are spatially clustered for both high and low
values, and that these spatial clusters tend to persist over time.

Finally, we assess the statistical relationship between precincts identified as “High-High” by the Bivariate Local Moran’s
I—operationalized as a binary variable (1 for “High-High” precincts, 0 otherwise)—and a range of predictors. Accordingly, we es-
timate a regression tree for each city to identify the principal factors associated with above-average political representation. Specif-
ically, we use the following seven covariates as predictors: i) population; ii) the percentage of residents aged 65 and over; iii) the
percentage of foreigners; iv) the percentage of residents with a university degree; v) the employment rate for individuals aged 15 to 64;
vi) the average turnout in the last two municipal elections; and vii) the average ratio between the number of preferences and votes in
these elections (see Section 3.1 for more details).

The regression trees reported in Fig. 4 indicate that only four of these variables have significant predictive power: the two political
variables, the percentage of foreigners, and the percentage of residents with a university degree. We find that areas with consistently
above-average political representation tend to exhibit greater political engagement (in all cities), a higher proportion of university
graduates (in Turin), and a lower proportion of foreigners (in Palermo). In Fig. B.2 in Appendix B, we also present an analysis using the
“opposite” dependent variable—namely, a dummy variable equal to 1 for neighborhoods classified as “Low-Low” by the Bivariate
Local Moran’s I. Overall, the results are consistent with those in Fig. 4. Specifically, areas with consistently below-average political
representation tend to have the lowest levels of political engagement (in all cities), fewer university graduates (in Milan and Turin),
and a lower employment rate (in Rome).

In summary, by incorporating political variables into our models, we show that neighborhoods with higher voter turnout and
greater political engagement—particularly those where electors cast more preference votes—enjoy the strongest representation on

28 Since each city is heterogeneous in terms of population density, Figure B.1 in Appendix B presents the same cluster maps, but overlaid on the
actual building structures of the cities, in order to better highlight the high-density areas.
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municipal councils. Conversely, areas characterized by the weakest socio-economic and political indicators are the least represented.
5. Conclusions

Geographic representation lies at the heart of democratic governance, guaranteeing that every area has a seat at the decision-
making table. Yet many large metropolitan governments operate without any formal mechanism to ensure that neighborhoods or
districts receive proportionate influence. This study explores whether—and to what degree—such representational imbalances arise in
metropolitan settings. We introduce a suite of new indices designed to compare each territorial unit’s share of elected representation
against its share of the population. In particular, we propose indices at the neighborhood level (NRI) at the city level (ETRI, Spatial
ETRI and Spatial ETRI ratio) and at the local level (adaptation of the Univariate and Bivariate Local Moran’s I to detect clustering of
territorial representation over space and time). Using detailed, precinct-level geocoded electoral returns from a selection of Italy’s
metropolitan areas, we compute these metrics and trace their spatial and temporal evolution. We find that every city and election
exhibits an imbalance in territorial representation, and that this imbalance is spatially clustered and persistent over time.

In addition, our findings suggest that areas with poorer socio-economic and political characteristics are underrepresented in city
councils of metropolitan areas. Is that a problem? Yes and the consequences can be far-reaching. Under the pork-barreling assump-
tion—that politicians prioritize the needs of the areas that elect them— which is supported by compelling empirical evidence (see
Section 1), this underrepresentation likely leads to a cycle where wealthier or more politically active districts receive more public
investments and services. Consequently, the resource gap between well-represented and under-represented neighborhoods may widen,
exacerbating existing socio-economic inequalities. In practice, public spending on infrastructure, education, healthcare, and other
essential services may become disproportionately allocated to already-advantaged districts. Over time, this creates a self-reinforcing
cycle: under-represented areas endure chronic under-investment, which hampers their economic and social development and further
undermines their ability to mobilize politically. Thus, unequal political representation not only reflects existing disparities but also
deepens them, potentially fragmenting the urban landscape and exacerbating inequities.

From a policy perspective, our results show that electoral systems without arrangements to ensure territorial representation are
characterized by lower representation of more disadvantaged areas. Reforming electoral laws towards more (territorial) equitable
systems could certainly be a solution to address the problem. For instance, in large cities, this could involve introducing electoral
districts at the sub-municipal level, ensuring a number of municipal councilors proportional to the population for each sub-municipal
unit of governance—such as the Municipi in Rome and Milan or the Circoscrizioni in Palermo and Turin. Regardless, while such so-
lutions require institutional reforms that could be difficult to apply, any effective approach must take into account the problem at its
roots, namely the issue of voter turnout, which is an important determinant, although not the only one, of this inequality in repre-
sentation, and which feeds on itself as it decreases the attractiveness of certain territories for parties and candidates seeking votes.

Future research could apply the proposed territorial representation indices to identify remedies for unequal representation and to
assess whether below-average representation causally contributes to socio-economic decline. Although originally developed for single-
district systems, these indices may also offer valuable insights in multi-district contexts; for example, analyses of reforms that transition
between at-large and district-based electoral systems could illuminate how such institutional changes affect representation metrics.

Appendix A. Electoral results and elected candidates (Rome, 2021)

Table A.1
Electoral results and seat allocation in Rome’s 2021 municipal elections.
List List List Votes Coalition (Mayoral Coalition Coalition Coalition List
Votes (%) candidate) Votes Votes ( %) Seats Seats

PD PARTITO DEMOCRATICO 166,677 16.38 Gualtieri 284,223 27.93 29 18

LISTA CIVICA GUALTIERI SINDACO 54,877 5.39 Gualtieri 284,223 27.93 29 5

ROMA FUTURA FEMMINISTA EGUALITARIA 20,220 1.99 Gualtieri 284,223 27.93 29 2
ECOLOGISTA

SINISTRA CIVICA ECOLOGISTA 20,558 2.02 Gualtieri 284,223 27.93 29 2

EUROPA VERDE ECOLOGISTA - EUROPEAN 9345 0.92 Gualtieri 284,223 27.93 29 1
GREEN PARTY - VERDI

DEMOS DEMOCRAZIA SOLIDALE 9703 0.95 Gualtieri 284,223 27.93 29 1

PARTITO SOCIALISTA ITALIANO PSI 2843 0.28 Gualtieri 284,223 27.93 29 0

GIORGIA MELONI FRATELLI D'ITALIA 177,502 17.44 Michetti 319,827 31.43 9 6

LEGA SALVINI PREMIER 60,488 5.94 Michetti 319,827 31.43 9 2

FORZA ITALIA - UNIONE DI CENTRO 36,605 3.60 Michetti 319,827 31.43 9 1

RINASCIMENTO SGARBI MICHETTI SINDACO 18,681 1.84 Michetti 319,827 31.43 9 0
CAMBIAMO ROMA

LISTA CIVICA MICHETTI SINDACO 25,215 2.48 Michetti 319,827 31.43 9 0

PARTITO LIBERALE EUROPEO ROMA CON 1336 0.13 Michetti 319,827 31.43 9 0
MICHETTI

CALENDA SINDACO 194,718 19.13 Calenda 194,718 19.13 5 5

(continued on next page)
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Table A.1 (continued)
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List List List Votes Coalition (Mayoral Coalition Coalition Coalition List
Votes (%) candidate) Votes Votes ( %) Seats Seats

MOVIMENTO CINQUE STELLE "2050" 111,780 10.98 Raggi 179,765 17.67 5 4

LISTA CIVICA "VIRGINIA RAGGI" 43,587 4.28 Raggi 179,765 17.67 5 1

CON LE DONNE PER ROMA "VIRGINIA RAGGI 4890 0.48 Raggi 179,765 17.67 5 0
SINDACA"

CULTURA E INNOVAZIONE ROMA 10,292 1.01 Raggi 179,765 17.67 5 0
ECOLOGISTA VIRGINIA RAGGI SINDACA

SPORTIVI PER ROMA "VIRGINIA RAGGI 6994 0.69 Raggi 179,765 17.67 5 0
SINDACA"

ROMA DECIDE "VIRGINIA RAGGI SINDACA" 2222 0.22 Raggi 179,765 17.67 5 0

VERITA' 3 V LIBERTA' 6557 0.64 Teodori 6557 0.64 0 0

POTERE AL POPOLO 6107 0.60 Canitano 6107 0.60 0 0

REVOLUZIONE CIVICA 4267 0.42 Lozzi 4267 0.42 0 0

ROMA TI RIGUARDA BERDINI SINDACO 4223 0.41 Berdini 4223 0.41 0 0
PARTITO DEL SUD

PARTITO COMUNISTA MARCO RIZZO 3461 0.34 Quintavalle 3461 0.34 0 0

PCI 3120 0.31 Cirillo 3120 0.31 0 0

PARTITO GAY LGBT+ SOLIDALE 2598 0.26 Marrazzo 2598 0.26 0 0
AMBIENTALISTA LIBERALE

IL POPOLO DELLA FAMIGLIA "NO GENDER 1634 0.16 Cenciotti 1634 0.16 0 0
NELLE SCUOLE"

RICONQUISTARE L'ITALIA 1520 0.15 Trombetta 1520 0.15 0 0

MOVIMENTO IDEA SOCIALE M.LS. 1472 0.14 Gismondi 1472 0.14 0 0

ITALIA DEI VALORI 1452 0.14 Trefiletti 1452 0.14 0 0

MOVIMENTO STORICO ROMANO LISTA 708 0.07 Tacomoni 708 0.07 0 0
NERONE

PROGETTO CIVICO ATTIVA ROMA 596 0.06 Corrado 596 0.06 0 0

PARTITO COMUNISTA DEI LAVORATORI 526 0.05 Grisolia 526 0.05 0 0

MPL MOVIMENTO POLITICO LIBERTAS 398 0.04 Magli 398 0.04 0 0

PARTITO DELLE BUONE MANIERE 290 0.03 Cirillo 290 0.03 0 0

FIGLI D'ITALIA BAMBINI NEL MONDO CARLO 168 0.02 Priolo 168 0.02 0 0

PRIOLO SINDACO

Notes: The table presents all electoral lists that participated in the 2021 Rome municipal elections, showing their vote counts in absolute terms and
percentages. Each list is associated with a coalition supporting a mayoral candidate, with coalition votes and seats also reported. Seats were allocated
using the D’Hondt method, both for the distribution of seats among coalitions and for assigning seats within each coalition. In accordance with the
electoral threshold rule, lists that obtained <3 % of the votes and were not part of a coalition were excluded from the seat distribution. The coalition
supporting Roberto Gualtieri was awarded 60 % of the seats as a majority bonus.

Table A.2
Councilor candidates in Rome’s 2021 municipal election.
List Seats  Elected Candidate Elected  Preferences
Candidates
PD PARTITO DEMOCRATICO 18 20 SABRINA ALFONSI 1 7471
PD PARTITO DEMOCRATICO 18 20 MAURIZIO VELOCCIA 1 7395
PD PARTITO DEMOCRATICO 18 20 SVETLANA CELLI 1 4096
PD PARTITO DEMOCRATICO 18 20 ANDREA ALEMANNI 1 3731
PD PARTITO DEMOCRATICO 18 20 YURI TROMBETTI 1 3620
PD PARTITO DEMOCRATICO 18 20 GIULIA TEMPESTA 1 3172
PD PARTITO DEMOCRATICO 18 20 CARLA CONSUELO 1 2713
FERMARIELLO
PD PARTITO DEMOCRATICO 18 20 ERICA BATTAGLIA 1 2703
PD PARTITO DEMOCRATICO 18 20 CLAUDIA PAPPATA' 1 2628
PD PARTITO DEMOCRATICO 18 20 LORENZO MARINONE 1 2505
PD PARTITO DEMOCRATICO 18 20 GIOVANNI ZANNOLA 1 2504
PD PARTITO DEMOCRATICO 18 20 NELLA CONVERTI 1 2501
PD PARTITO DEMOCRATICO 18 20 RICCARDO CORBUCCI 1 2372
PD PARTITO DEMOCRATICO 18 20 MARIANO ANGELUCCI 1 2349
PD PARTITO DEMOCRATICO 18 20 ANTONIO STAMPETE 1 2332
PD PARTITO DEMOCRATICO 18 20 GIAMMARCO PALMIERI 1 2287
PD PARTITO DEMOCRATICO 18 20 VALERIA BAGLIO 1 2236
PD PARTITO DEMOCRATICO 18 20 DANIELE PARRUCCI 1 2029
PD PARTITO DEMOCRATICO 18 20 ANTONELLA MELITO 1 1585
PD PARTITO DEMOCRATICO 18 20 CRISTINA MICHETELLI 1 1489
PD PARTITO DEMOCRATICO 18 20 UBALDO RIGHETTI 0 1454
GIORGIA MELONI FRATELLI D'ITALIA 6 6 RACHELE MUSSOLINI 1 8563
GIORGIA MELONI FRATELLI D'ITALIA 6 6 GIOVANNI QUARZO 1 6748
GIORGIA MELONI FRATELLI D'ITALIA 6 6 FRANCESCA BARBATO 1 6296
GIORGIA MELONI FRATELLI D'ITALIA 6 6 ANDREA DE PRIAMO 0 6200
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Table A.2 (continued)
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List Seats  Elected Candidate Elected  Preferences
Candidates
GIORGIA MELONI FRATELLI D'ITALIA 6 6 LAVINIA MENNUNI 0 5671
GIORGIA MELONI FRATELLI D'ITALIA 6 6 FEDERICO ROCCA 1 5104
GIORGIA MELONI FRATELLI D'ITALIA 6 6 STEFANO ERBAGGI 1 4689
GIORGIA MELONI FRATELLI D'ITALIA 6 6 MARIACRISTINA MASI 1 4546
GIORGIA MELONI FRATELLI D'ITALIA 6 6 GIOVANNI OTTAVIANO 0 4325
CALENDA SINDACO 5 5 VALERIO CASINI 1 3518
CALENDA SINDACO 5 5 FRANCESCA LEONCINI 1 2893
CALENDA SINDACO 5 5 FLAVIA DE GREGORIO 1 2502
CALENDA SINDACO 5 5 DARIO NANNI 1 1847
CALENDA SINDACO 5 5 FRANCESCO FILIPPO CARPANO 1 1584
CALENDA SINDACO 5 5 BRUNO SCHIARAMAZZI 0 1198
LISTA CIVICA GUALTIERI SINDACO 5 6 GIORGIO TRABUCCO 1 914
LISTA CIVICA GUALTIERI SINDACO 5 6 CARMINE BARBATI 1 667
LISTA CIVICA GUALTIERI SINDACO 5 6 MONICA LUCARELLI 1 633
LISTA CIVICA GUALTIERI SINDACO 5 6 ELISABETTA LANCELLOTTI 1 622
LISTA CIVICA GUALTIERI SINDACO 5 6 TOMMASO AMODEO 1 601
LISTA CIVICA GUALTIERI SINDACO 5 6 ROCCO FERRARO 1 414
LISTA CIVICA GUALTIERI SINDACO 5 6 GIOVANNI FULVI 0 407
MOVIMENTO CINQUE STELLE 2050 4 3 LINDA MELEO 1 1203
MOVIMENTO CINQUE STELLE 2050 4 3 PAOLO FERRARA 1 1001
MOVIMENTO CINQUE STELLE 2050 4 3 DANIELE DIACO 1 956
MOVIMENTO CINQUE STELLE 2050 4 3 GERMANA PAOLETTI 0 850
LEGA SALVINI PREMIER 2 2 SIMONETTA MATONE 0 5107
LEGA SALVINI PREMIER 2 2 FABRIZIO SANTORI 1 3639
LEGA SALVINI PREMIER 2 2 DAVIDE BORDONI 1 3601
LEGA SALVINI PREMIER 2 2 MAURIZIO POLITI 0 3212
ROMA FUTURA FEMMINISTA EGUALITARIA ECOLOGISTA 2 3 GIOVANNI CAUDO 1 5057
ROMA FUTURA FEMMINISTA EGUALITARIA ECOLOGISTA 2 3 CLAUDIA PRATELLI 1 2358
ROMA FUTURA FEMMINISTA EGUALITARIA ECOLOGISTA 2 3 TIZIANA BIOLGHINI 1 1151
ROMA FUTURA FEMMINISTA EGUALITARIA ECOLOGISTA 2 3 SIMONE SAPIENZA 0 608
SINISTRA CIVICA ECOLOGISTA 2 2 ALESSANDRO LUPARELLI 1 2620
SINISTRA CIVICA ECOLOGISTA 2 2 MICHELA CICCULLI 1 2562
SINISTRA CIVICA ECOLOGISTA 2 2 ROBERTA AGOSTINI 0 1428
DEMOS DEMOCRAZIA SOLIDALE 1 2 PAOLO CIANI 1 2340
DEMOS DEMOCRAZIA SOLIDALE 1 2 BARBARA FUNARI 1 1982
DEMOS DEMOCRAZIA SOLIDALE 1 2 SANDRO PETROLATI 0 264
EUROPA VERDE ECOLOGISTA - EUROPEAN GREEN PARTY - 1 1 FERDINANDO BONESSIO 1 477
VERDI
EUROPA VERDE ECOLOGISTA - EUROPEAN GREEN PARTY - 1 1 GUGLIELMO CALCERANO 0 257
VERDI

FORZA ITALIA - UNIONE DI CENTRO 1 1 MARCO DI STEFANO 1 2698
FORZA ITALIA - UNIONE DI CENTRO 1 1 SIMONE FOGLIO 0 1913
LISTA CIVICA VIRGINIA RAGGI 1 1 ANTONIO DE SANTIS 1 796
LISTA CIVICA VIRGINIA RAGGI 1 1 GABRIELLA RAGGI 0 673

Notes: The table presents candidates with the highest number of preferences from lists that obtained at least one seat in Rome’s municipal elections.
For each list, it displays the number of assigned seats, the number of elected candidates, and candidates ranked by preferences up to the first non-
elected one. The column “Elected” is a dummy variable that takes the value 1 if the candidate was a councilor or a member of the executive com-
mittee as of December 31, 2022, according to the Register of Local and Regional Administrators of the Ministry of the Interior. The “Preferences”
column reports the number of valid preferences each candidate received. When the number of seats assigned to a list exceeds the number of elected
candidates, it reflects that some of the list’s elected councilors became members of the executive committee. Conversely, when the number of seats
assigned to a list is smaller than the number of elected candidates, it indicates that a seat was assigned to the non-elected mayoral candidate associated

with the list.
Table A.3

Precinct-level concentration of elected candidates’ preference votes.

City

Election year

10 % of precincts

20 % of precincts

Milan
Milan
Turin
Turin
Rome
Rome
Palermo
Palermo

2016
2021
2016
2021
2016
2021
2017
2022

54 %
56 %
58 %
50 %
71 %
60 %
43 %
44 %

74 %
76 %
80 %
72 %
88 %
80 %
62 %
63 %
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Appendix B. Additional empirical results

Fig. B.1. Bivariate Local Moran’s L.
Notes: See notes of Fig. 3.
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Fig. B.2. Regression trees estimates with the “Low-Low” dummy.
Notes: the dependent variable is a dummy variable which is equal to 1 for precincts identified as “Low-Low” by the Bivariate Local Moran’s
1, 0 otherwise.

Table B.1
Robustness checks with alternatives spatial matrixes.

Spatial ETRI

City Election year Queen contiguity 5 nearest neighbors Inverse Euclidean distance
Milan 2016 0.0162 0.0170 0.0169
Milan 2021 0.0151 0.0158 0.0154
Turin 2016 0.0102 0.0105 0.0105
Turin 2021 0.0147 0.0146 0.0150
Rome 2016 0.0113 0.0116 0.0128
Rome 2021 0.0162 0.0165 0.0180
Palermo 2017 0.0220 0.0228 0.0274
Palermo 2022 0.0203 0.0201 0.0234

Spatial ETRI ratio

City Election year Queen contiguity 5 nearest neighbors Inverse Euclidean distance
Milan 2016 0.8732 0.9119 0.9113
Milan 2021 0.8248 0.8624 0.8415
Turin 2016 0.9522 0.9835 0.9830
Turin 2021 0.8444 0.8370 0.8623
Rome 2016 0.7948 0.8154 0.9025
Rome 2021 0.8205 0.8382 0.9137
Palermo 2017 0.7702 0.7983 0.9597
Palermo 2022 0.8132 0.8045 0.9374
Moran’s I
City Election year Queen contiguity 5 nearest neighbors Inverse Euclidean distance
Milan 2016 0.2871 0.2887 0.2302
Milan 2021 0.3700 0.3905 0.3354
Turin 2016 0.2079 0.2079 0.1417

(continued on next page)
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Table B.1 (continued)

Moran’s I
City Election year Queen contiguity 5 nearest neighbors Inverse Euclidean distance
Turin 2021 0.3596 0.3889 0.3238
Rome 2016 0.4248 0.4247 0.3927
Rome 2021 0.4001 0.4158 0.3700
Palermo 2017 0.4049 0.4205 0.3699
Palermo 2022 0.3648 0.4136 0.3646

Notes: When using the inverse Euclidean distance spatial weight matrix, we consider only electoral precincts within a 1-km radius; the median
number of neighbors ranges from 22 to 39. The number of electoral neighborhoods considered is the following: 1205 for Milan, 902 for Turin, 2473
for Rome and 583 for Palermo.
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