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Over the last few years, land take monitoring in Europe and in Italy has become increasingly accurate and
detailed owing to improved technologies that help acquire and make available free, easily accessible and high-
resolution data. Nevertheless, the key issue is controlling this phenomenon, long considered pathological in its
current form and scale, in order to mitigate / reverse it and achieve the 2030 containment targets set in inter-
national guidelines. To attain these results, firm regulatory action is certainly needed, underpinned by thresholds
and reference limits to regulate the development of transformation activities planned by local authorities. In
2015, the United Nations Global Agenda for Sustainable Development Goals (SDGs) put forward a parameter for
this purpose, namely the "Ratio of land consumption rate to population growth rate" (11.3.1 LCRPGR). It
monitors the ratio between the extent of urban development and demographic dynamics in spatial-
administrative units in order to link the growth of urbanized areas to actual population growth. This paper
sets out a reconnaissance experiment to identify LCRPGR cut-off that can be used in legislation in relation to life
quality indicators calculated repeatedly for Italy at the provincial level. The conclusions highlight the consid-
erable difficulty inherent in identifying normative thresholds for the containment of negative spatial and social
phenomena, and the need to develop scientific methods that are more reliable and robust than what is present in

current practice.

1. Introduction

The current land-take dynamics in Italy can be effectively presented
using a striking figure: in just six years, from 2014 to 2020, other 14 km?
has sprung up along the Italian coasts at the average rate of 5 ha per
week. This is what emerges from satellite data (https://land.copernicus.
eu/local/coastal-zones) and ISPRA (Istituto Superiore per la Ricerca
Ambientale - Higher Institute for Environmental Research) computations
on urban land conversion that continues to have seemingly uncontain-
able dynamics (ISPRA, 2020) at national average rates of about 40
ha/day even today. Increasingly accurate satellite surveys have
continuously shown values of this magnitude or even higher. The phe-
nomenon is now of public domain and there is widespread sensitivity, at
least verbally, in the political and communication sectors owing to sci-
entific certifications that clearly outline the features of this territorial
disease (Romano et al., 2017a; Munafo and Marinosci, 2018, 2021).

It should be noted that the correlation between population growth
and land consumption has been addressed by many authors at the in-
ternational level, especially in the last 10 years, testifying to the growing
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importance of the topic (Nicolau et al., 2018; Wang et al., 2020; Sharma
et al., 2012; Calka et al., 2022; Abdulkadir et al., 2019; Marquard et al.,
2020; Jantz and Manuel, 2013; Ningal et al., 2008; Hu et al., 2021;
Shelestov et al., 2020).

In Italy awareness of the problem has also been stressed in the debate
following the pandemic (Murgante et al., 2020), but, more generally, the
need to relaunch Italy through a new model of sustainable development
has led to the establishment of the Ministry of Ecological Transition that
marks, at least in theory, a paradigm shift in the effort to achieve the
National Strategy for Sustainable Development goals (Lee et al., 2016;
Cavalli and Pultrone, 2020; D’Adamo et al., 2021; Giannino, 2021). In
particular, the ecological transition of cities concerns some substantial
aspects such as the containment of land take in urban and peri-urban
areas, sustainable mobility, energy efficiency in the urban space, the
reorganization of some utilities such as urban waste collection, and more
generally the promotion of innovation tied to digitization (Camagni
et al., 2002; Campbell, 2013; Meuser, 2013; Kunzmann, 2014; Sauer
et al.,, 2015; Barbier and Burgess, 2017; Bennett, 2017; Meng et al.,
2021; Guida and Ugan, 2021; Chakraborty et al., 2022).
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Furthermore, in recent years the level of knowledge on the trends of
this economic-physical process has increased significantly owing to
available technologies and data. However, there is a considerable lag in
the inclusion of scientific findings in the spatial regulation and gover-
nance, i.e., in the most effective control tools. In Italy, a great deal has
been written and produced regarding land-related legislation, since the
first proposal (Bill no. 3601) drafted by Minister Catania in 2012 at the
time of the Monti government, approved by the Council of Ministers on
16/11/2012 and subsequently by the Chamber of Deputies on 12/5/
2016, but never converted into law. Although the issue has been tackled
by several regional laws, we are far from obtaining tangible results, as
shown by ISPRA data. The proposals that have followed the foregoing
one have been numerous, both national and regional. However, they
have almost always been based either on too radical and therefore un-
workable principles, consisting in totally blocking building and urban-
ization; or, much more frequently, on only apparently stringent rules
that preserve the frequently oversized contents of municipal plans in
force for indefinite periods of time.

Some examples of regional legislation aimed at controlling land take
that introduce dilatory processes that actually weaken the effectiveness
of intentions are the following:

Urban planning forecasts that involve land consumption in urban
planning documents formulated or varied from the date of entry into
force of this law shall be valid for five years;.

.......... In any case, the building permits, however designated, issued
or formalized as of the date of entry into force of this law, as well as the
actions and transformation programs provided for in implementation
plans, however designated, approved prior to the date of entry into
force of this law, shall be unaffected....

............ In any case, the municipal tools for territorial governance
may not provide for new forecasts involving further land consumption
until the expansion and transformation forecasts in force at the
date of entry into force of this law have been fully implemented.

In addition to the aforementioned examples, to achieve the goal of
zero land consumption by 2050, a very recent regional regulation sets
thresholds per municipality that overall allow almost 13,000 ha to still
be converted to urban use, up to the set limit in that region. The sampled
simulation corresponds to a square of 11 km per side over a 30-year
timespan, which, besides being clearly too long, is also difficult to link
consistently to at least six terms of office of political management.

The foregoing examples show that legislation to actually and effec-
tively control this phenomenon will have to take on different connota-
tions and be based on adequate limits and thresholds of these
phenomena. These thresholds must be expressed through specific in-
dicators specifically designed to allow for rapid solutions without
further worsening the current, already pathological condition by
granting excessive time for adjustments (Alaimo and Maggino, 2020).

2. The role of cut-off values

This paper present an experiment carried out on some indicators
relating to the urban conversion of land and population dynamics,
focusing in particular on parameter 11.3.1, "Ratio of land consumption
rate to population growth rate" (LCRPGR), introduced by the 2015
United Nations Global Agenda for Sustainable Development for urban-
ization control in the 2030 scenario that certainly poses significant
technical-scientific issues for its operational and legislative imple-
mentation (Colglazier, 2015; Bexell and Jonsson, 2017; Hepp et al.,
2019; Arora and Mishra, 2019).

The stages to identify sets of indicators to measure/monitor the dy-
namics of phenomena having environmental effects certainly help attain
diagnostic and prognostic results on levels of occurrence and rate of
change. However, it is also necessary to set threshold (cut-off) values for
the severity of actions on the systems considered, trying to distinguish
between their various degrees of resilience up to conditions of irre-
versible stress. These cut-off values are essential in order to substantiate
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efficient legislation to control/curb/reverse adverse phenomena. They
can only be obtained by tackling complex issues of calibration and
sampling in order to correlate the measurement parameter of a phe-
nomenon with its undesirable effects on environmental factors, in-
dividuals and communities. In other words, it is a matter of devising
clustering procedures for indicator values that link value ranges with
verifiable effects (Greenacre, 1988; Kim et al., 2017; Cai et al., 2020).
This is fairly straightforward when the latter are expressed objectively
through perceptions, disturbances or pathological outcomes (e.g., de-
grees of noise, pollution, lighting,.), but it is far more challenging when
these effects concern forms/layouts/structures whose adverse conse-
quences are observed in the mid- or long-term or, worse, when subjec-
tivity prevails over objectivity in determining the detrimental aspects of
the phenomenon in question.

The 1997 Kyoto Protocol (which came into force in 2005) is an
example of the application of thresholds. It committed signatory coun-
tries to a quantitative reduction of greenhouse gas (the climate-altering
gases responsible for global warming) emissions compared to their 1990
emission levels (baseline), with percentages varying from country to
country. In order to achieve this, countries were required to set up a
national system to monitor greenhouse gas emissions and absorption
("National Inventory of Greenhouse Gas Emissions and Absorption/
Removal") to be updated annually, together with the establishment of
measures to reduce emissions. In this case, the Protocol, which expired
on 31/12/2012, set an average emission reduction threshold for coun-
tries of - 5% (compared to 1990 baseline emissions), to be achieved by
2012. Some European countries had already exceeded their emission
reduction targets in 2009. This shows that these were not impossible
targets and that countries that wanted to invest in a low-carbon econ-
omy easily achieved top-level results with positive knock-on effects on
their national economies (Bohringer, 2003; Bohringer and Vogt, 2003;
Iwata and Okada, 2014).

Obviously, a reference threshold can be set for each indicator, and
therefore for each related phenomenon, but this requires an in-depth
technical-disciplinary study involving many elements of complexity.
To this regard international scientific literature is still unable to provide
references of sufficient reliability and scope, as this is a typical indicator
engineering application (Fiorini et al., 2019; Mantey and Pokojski,
2020).

The normative use of cut-off levels to control the development of
pathological spatial phenomena will be increasingly in demand, but it
must be kept in mind that it is a problem of high difficulty. Very often,
politically negotiated values are used, but lacking scientific soundness,
thus with results of low effectiveness.

3. Material and methods

In 2015, the United Nations Global Agenda for Sustainable Devel-
opment set the Sustainable Development Goals (SDGs) and indicated
some targets of particular interest for land to be integrated into short-
and medium-term national programs and to be achieved by 2030 (Leal
Filho et al., 2018; Schiavina et al., 2019; Aquilino et al., 2020). One goal
specifically concerns limiting land take in relation to population growth
rates (SDGs Indicator 11.3.1).

3.1. Description of the indicator 11.3.1 (LCRPGR)

The indicator is called LCRPGR and has been formulated as shown in
Fig. 1.

Considering the same time frame to measure demographic and ur-
banization dynamics, the formulation of the index can be summarized as
follows:

Su—su

LCRPGR = 3%
In

s
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Core indicators
. 2 Vpresent—Vpast 1
Land Consumption Rate i.e LCR = - 2= % _
past T
Where: Vpresent is total built up area in current year
Vpast is total built up area in past year
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Tis the number of years between V_present and V_past (or length in years of the period

considered)

Secondary indicators

1. Built-up area per capita — which is a measure of the average amount of built-up area available to
each person in an urban area during each analysis year. This indicator can help identify when
urban areas become too dense and/or when they become too sparsely populated. It is computed
by dividing the total built-up area by the total urban population within the urban area/city at a
given year, using the formula below:

Built p p pit; 2/p: = ! l)
u up area per capita (m2/person)
(m2/ ( Pop,
Where
UrBU.is the total built-up area/city in the urban area in time t (in square meters)

Popy is the population in the urban area in time t

2. Total change in built up area — which is a measure of the total increase in built up areas within
the urban area over time. When applied to a small part of an urban area, such as the core city (or
old part of the urban area), this indicator can be used to understand densification trends in
urban areas. It is measured using the same inputs as the land consumption rate for the different
analysis years, based on the below formula

_ (UrBUp, — UrBUy)

Total cha in built up area (%
otal change in built up area (%) UrBU,

Where

UrBU: . is the total built-up area in the urban area/city in time the current/final year
UrBU_ is the total built-up area in the urban area/city in time the past/initial year

Where

LN(Popy,,/Pop)

Population Growth rate i.e. PGR = )

LN is the natural logarithm value

Pop:is the total population within the urban area/city in the past/initial year
Popwn is the total population within the urban area/city in the current/final year
y is the number of years between the two measurement periods

Vpresent — Vpast N 1
Vpast T
LCRPGR =

N (“pos2)

y

https://unhabitat.org/sites/default/files/2020/07/indicator_11.3.1_training_module_land_use
_efficiency_french.pdf

Fig. 1. Scheme defining SDGs indicator 11.3.1 in the text of the 2015 United Nations Global Agenda for Sustainable Development.

S, = Built-up area at time t,.

S, = Built-up area at time t;.

p = population (n. of inhabitants) at time t,.

P = population (n. of inhabitants) at time t;.

The introduction of this parameter in Italy is undoubtedly appro-
priate to counter the decades-old and "traditional" behavior of municipal
administrations whose urban development plans tend to outline sce-
narios of systematically incremental settlement changes, regardless of
the present.

economic, social and demographic credentials of resident commu-
nities or of detectable external investment and market pressures
(Romano et al., 2019). A superficial reflection on this topic might sug-
gest that this phenomenon is actually harmless because, basically and
spontaneously, implemented transformations, among those permitted
(albeit oversized), will then be selected and regulated by "actual" market
dynamics. This is true only in part. However, offering broad real estate
growth opportunities, although "oversized" and apparently lacking in
economic grounds, has often led to a sort of artificial push or instigation
to undertake building and urban development works (often left unfin-
ished) just to "raise" and "block" land income however attributed.

Added to this reason, there may also be attempts to offset increased
tax burdens by designating free areas (generally agricultural) as areas
for intended urban use. In other words, mechanisms lacking a basic
justification are introduced that can cause and have caused uncontrol-
lable and extremely adverse reactions of private operators impacting the
quality of the land and the management of settlements that are not offset
by the revenue that municipalities gain when new buildings are erected
(urbanization charges).

The analysis conducted on urban mosaics developed in some Italian
lands (Fiorini et al., 2021) undoubtedly shows that, albeit with some
variations, most municipalities have taken this approach.

The LCRPGR index is expressly used to monitor and control local
planning tools, in particular by authorities responsible for the approval
of these plans. Hence the need to include cut-off values in regulations,
addressing the complex issue of calibration and sampling in order to
correlate a phenomenon-measuring parameter to its adverse/detri-
mental effects on environmental and socio-economic aspects.

In the case of areas with positive demographic trends, the LCRPGR
index is certainly viable. However, in the opposite case, it is necessary to
use other parameters to capture different ongoing processes, such as
economic or social ones, in order to underscore credentials decoupled
from a simple demographic change index that could, in some cases, be
simplistic and limiting. However, one must reflect on the too limited
meaning of simple demographic dynamics to represent the development
credentials of an area, without going into the economic characteristics
and responses that the social component has expressed toward planning
directions aimed at urban development. Population increase or decrease
in an area are therefore certainly crucial parameters for understanding
its condition, but they cannot be considered the only indicators for
influencing goals and programmatic decisions.

3.2. Study cases and dataset

The experiment to validate a meaningful threshold of the LCRPGR
index was carried out using an authoritative Italian national database
managed by the publisher of a major business newspaper, the "Sole 24
Ore.".

In this regard, it should be noted that “Il Sole 24 Ore” is an Italian
economic-political-financial newspaper, is one of the most established
economic newspapers in Europe, with offices in Milan and Rome, the
most widely circulated in its field and the fifth largest in the country. The
main topics covered by the newspaper are economics, politics, news
from the regulatory and tax sectors especially in the economic field,
financial market trends and expert columns.

In particular, reference was made to "quality of life" rankings in
Italian provinces (LQ survey) (Table 1) conducted by Il Sole 24 Ore
considers 90 indicators, divided into six thematic macro-categories
(each consisting of 15 indicators) that have accompanied the survey
since 1990 (Table 2):

. wealth and expenditure;

. business and work;

. environment and services;
. demographics and health;

A WN =
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5. justice and security;
6. culture and leisure.

4. Results of the cut-off experimentation

Regarding the UN indicator LCRPGR, various methods can be used to
assess thresholds, depending on data availability and territorial char-
acteristics. Some aspects to be considered, including mixed and inte-
grated techniques, are listed below:

a) differential analyses of variables and development simulation
curves;

b) comparisons and clustering studies using other established socio-
economic quality indices;

c) drawing of values from best practices whose functional results are
appreciated;

d) checking mean values found in the reference territorial matrices in
the area in question (sub-national, regional,.);

e) participatory/negotiated procedures with social communities and
political representatives that will then see these thresholds trans-
posed into legislation;

f) formulation of indicators to support UN and EU indicators.

The initial experimentation presented in this paper concerns the
criterion mentioned in point b) of the previous list and was carried out
on the basis of the 33rd Life Quality (LQ) classification proposed by “Il
Sole 24 Ore” in 2021 (https://lab24.ilsole24ore.com/qualita-della-vita/
classifiche-complete.php) and shown in Table 1 with the breakdown in
quartiles.

Which of these indicators is more related to the phenomenon of
widespread urbanization or over-urbanization with respect to popula-
tion? It is very difficult to say because, although it is easy to select some
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that are directly correlated (Table 2), many are indirectly correlated
with very intricate and extremely complex links. However, LQ is un-
doubtedly affected by the expanse and forms of settlements, and
therefore fairly reliable statistical results can be obtained using a data-
driven method and a large number of indicators (90) on an equally
large number of survey samples (107 Italian provinces).

The LCRPGR index was therefore calculated at the provincial level,
in accordance with the “Il Sole 24 Ore” ranking, and referred to a his-
torical period between the 1950 s and 2011. Considering only positive
values, the national mean value was around 13.02, while the quality
quartiles show LCRPGR values with a clear increase between the groups
of provinces with higher LQ (quartiles 1 and 2) and those with lower
values (quartiles 3 and 4 in Fig. 2). In this case (Table 3), the survey
shows lower-than-average LCRPGR values (10.96) in the quartile of
provinces with higher LQ and, conversely, higher values (17.74) in the
quartile of provinces with poorer rated levels. Similar LCRPGR values
pertain to the two quartiles of best LQ, while there is progressive in-
crease between the third (15.99) and the fourth (17.74).

The LCRPGR value corresponding to the lowest measured LQ level is
1.61-fold higher than that in the first quartile and the third is 1.45-fold
the first.

The same experimentation was conducted with the previous year’s
ranking (2020) and the gradient match was essentially confirmed
(Table 3).

The diagrams in Fig. 3 show the analysis of the ratio between
LCRPGR and LQ quartiles broken down into the six thematic indicator
categories. In almost all cases, trend curves show the decremental ratio
between the two parameters, except in less 33% of them (7/24), indi-
cated by the colored dials. For this fraction only, which again concerns
only one quartile per category (excluding the BW category with two
quartiles), the resulting behavior is the opposite of the overall average.

This is a data-driven result of a certain interest since, as already

Table 1
2021 classification of life quality in Italian provinces (source: Il Sole 24 Ore 2021).
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Ranking  Province LQscore  Ranking  Province LQscore  Ranking  Province LQscore  Ranking  Province LQ score
1 Trieste 580.89 28 Vicenza 510.73 55 Livorno 486.03 82 Frosinone 431.89
2 Milano 580.59 29 Sondrio 510.31 56 Pesaro e 485.74 83 Latina 427.21
Urbino
3 Trento 564.58 30 Ancona 509.74 57 Lodi 485.11 84 Agrigento 424.09
4 Aosta 557.43 31 Torino 509.06 58 Lucca 484.93 85 Potenza 421.90
5 Bolzano 554.56 32 Novara 508.72 59 Biella 482.03 86 Benevento 421.71
6 Bologna 549.70 33 Padova 508.17 60 Pavia 477.17 87 Ragusa 420.10
7 Pordenone 542.89 34 Cuneo 508.00 61 Rovigo 475.49 88 Cosenza 418.15
8 Verona 540.67 35 Ascoli Piceno 505.57 62 L’Aquila 473.87 89 Salerno 418.10
9 Udine 536.83 36 Varese 504.55 63 Chieti 468.29 90 Napoli 416.22
10 Treviso 536.18 37 Cremona 504.16 64 Sassari 461.50 91 Brindisi 414.31
11 Firenze 534.63 38 Piacenza 501.79 65 Asti 460.36 92 Enna 413.18
12 Parma 532.08 39 Bergamo 501.68 66 Nuoro 459.89 93 Avellino 412.25
13 Roma 529.67 40 Forli’-Cesena 500.72 67 Oristano 456.78 94 Barletta-Andria- 410.82
Trani
14 Monza e della 525.96 41 Arezzo 498.57 68 Teramo 456.00 95 Palermo 409.55
Brianza
15 Siena 525.86 42 La Spezia 498.01 69 Fermo 455.21 96 Catanzaro 406.25
16 Venezia 524.52 43 Rimini 497.52 70 Alessandria 453.67 97 Messina 403.69
17 Como 522.59 44 Savona 497.33 71 Bari 453.47 98 Siracusa 399.69
18 Belluno 519.87 45 Ferrara 497.05 72 Massa Carrara 451.46 99 Taranto 396.96
19 Reggio nell’Emilia 519.67 46 Terni 493.28 73 Pistoia 450.50 100 Caserta 396.61
20 Cagliari 516.94 47 Mantova 493.18 74 Matera 449.62 101 Reggio di Calabria 392.07
21 Brescia 516.88 48 Vercelli 491.76 75 Rieti 446.70 102 Catania 389.05
22 Gorizia 514.84 49 Pescara 490.76 76 Sud Sardegna 440.05 103 Caltanissetta 382.56
23 Pisa 514.84 50 Verbano-Cusio- 490.66 77 Imperia 439.79 104 Vibo Valentia 382.16
Ossola
24 Modena 514.64 51 Macerata 489.18 78 Viterbo 439.63 105 Trapani 376.42
25 Lecco 512.90 52 Perugia 487.44 79 Lecce 438.70 106 Foggia 370.86
26 Genova 511.47 53 Grosseto 486.20 80 Campobasso 438.62 107 Crotone 340.97
27 Ravenna 511.36 54 Prato 486.09 81 Isernia 436.21
Mean 533.08 499.27 459.51 403.72
Stand. dev. 20.17 8.05 16.58 20.74
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Table 2

The 90 indicators broken down into six categories based on the 2021 Life Quality classification (source: Il Sole240re) and the phenomena analyzed that can be directly correlated to the LCRPGR indicator (in grey

background).

6. Culture and leisure

Broadband
Libraries
Cinema

5. Justice and security

Extortion
Thefts

4. Demographics and health

3. Environment and services
Residential sector absorption

Bars

2. Business and work
Cessation of business

1. Wealth and expenditure
Social allowances

Average rents

Tranquilizers and sleeping pills
Resident register deletions

Covid Cases

Electronic identity cards issued

Household thefts

Shoplifting

Fires

Authorized ordinary redundancy fund

Bank deposits

Sporting events

Urban Ecosystem Use of asthma and COPD medications
Use of diabetes medications

Commercial invoices to suppliers beyond 30 days

2014 European funds

Dissemination of citizenship income

Per capita GDP trend

Newspaper readership rate
Digital transformation rate

100 Mbit/s Internet

Bookshops

Road accidents
Crime rate

Public Digital Identity Systems issued

Use of hypertension medications

Pago Pa platform (public administration payments)

Participation in elections

Restaurants

Youth entrepreneurship

New mortgages for the purchase of homes

Population with receivables

Active POS machines

Dispute index

Use of depression medications

Old age index
Nurses

Businesses engaged in e-commerce

Businesses run by women
Businesses in bankruptcy

Lawsuit rotation rate

Cultural offering

Road accident homicides

Protests

Average living space

Average house selling price
Export share over GDP

Gyms per 100,000 inhabitants

Registration in the resident register
General practitioners

Pediatricians

Local government welfare spending

Housing density

Businesses present on the Web

Foreign enterprises

Participation in continuing education

Share of cases pending for over three years
Money laundering and use of money

Computer swindles and frauds

Sexual abuse

Average monthly instalment

Disposable income

People with at least a high school diploma

Swimming pools

Shows

Climate risk index

New company registrations

Innovative startups
Employment rate

Young people not in employment or education (NEET)

Mortality rate
Birth rate

Improving energy efficiency of buildings

Noise pollution claims

Household expenses
Motorization rate

Sportsmanship 2020

Average length of civil lawsuits

Employment gap between men and women Electricity produced from renewables

Old age pensions (private sector)
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mentioned, the attribution of the LQ level derives from the analysis of
numerous parameters (90 divided into six categories) which, applied to
over 100 samples, leads to a clear LCRPGR indicator outcome, with a
gradient confirmed both in 2020 and in 2021. This analysis suggests that
the cut-off to be used in legislation is of around 10, i.e., close to that of
the group of provinces placed in the first two LQ quartiles.

It seems clear, however, that obtaining robust and proven cut-off
levels derived from more general quality reconnaissance will need to
be confirmed on numerous and repeated data sets. At the state of the
experimental investigations that have been conducted in this work,
although there are some convergences, the degree of uncertainty is still
substantial, and this is substantiated by the significance P values re-
ported in Table 4 and obtained by multiple linear regression performed
on the LQ categories and quartiles in Fig. 3.

5. Discussion

The LCRPGR index introduced by the UN has several weaknesses that
require calibration: as formulated, the index translates into the ratio
between the rate of urban change and the rate of population decline over
the same period of time.

We can assume that the numerator will always be positive (at least in
the current Italian situation, built-up areas can only increase or remain
unchanged) and in this case the index drop is linked only to population
decline even with a constant numerator (p/p <1). Therefore, LCRPGR
sampling only makes sense in the field of positive values in order to
identify necessarily land-dependent thresholds to be included in
regional/municipal urban planning regulations. On the other hand, if no
demographic change has been recorded, the ratio in the denominator
takes on a value of 1, In therefore becomes equal to 0 and the index in
this case is undeterminable. The index is equal to zero if built-up areas
have not grown, while it increases the more urban growth exceeds
population change. Furthermore, the index, and its secondary indicators
(Fig. 1) are only quantitative and not configurational, and therefore do
not take into account the spatial distribution of built-up areas of equal
size. As is now well-known, this attribute is sometimes more important
than quantity (Filpa and Romano, 2003; Lv et al., 2012; Chen et al.,
2014; Ewing and Hamidi, 2015; Salata et al., 2017; Manganelli et al.,
2020; Ronchi et al., 2020; Saganeiti et al., 2021; Cutini et al., 2019;
Fiorini et al., 2019).

In addition to the aspects taken into consideration in the previous
paragraphs, the experimentation to obtain efficient cut-off values for
these indicators should also be extended to other hardly secondary is-
sues, such as type and size of territorial units used to evaluate the phe-
nomena and the time series of the dynamics analyzed. What would
happen if we narrowed the measurement range of the terms formulating
the indicator and used the municipal basis for statistical spread? A
measurement of the indicator carried out at the municipal level in
Abruzzo, considering the 2012-2019 time frame, shows that Abruzzo
has a rather unique standing: in the time frame considered, the popu-
lation increased in only 23% of municipalities, while there was a de-
mographic decline in the remaining 230. Considering only the fraction
of municipalities experiencing population growth, the average value of
the LCRPGR indicator is very low, around 0.5. This is due to the fact that
over very long time frames, the variation of the numerator (built-up
areas) is undoubtedly amplified compared to that of the denominator
(generally less significant). Therefore, over shorter timespans the
numerator becomes much smaller, while the denominator may remain
low too.

For example, the Italian population change in the provinces
(EUROSTAT NUTS 3) with increases between 1950 and 2000 was on
average 44% against 270% change in built-up areas. Again, considering
only municipalities with a population rise, the same values for Abruzzo
are 4% and 2% of built-up areas between 2012 and 2019. So, in the first
case the denominator is seven-fold the numerator against 0.5 in the
second case with obvious effects, albeit mitigated by the use of the
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
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Fig. 2. Ratio between the LCRPGR index (x axis) and the LQ 2021 “Sole 24 Ore” ranking (y axis) total and per category.
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Table 3
The 2020-2021 classification of LQ in Italian provinces (source: Il Sole 24 Ore
2020-2021).

Quartili LQ 2021 2020
1 10.96 11.3

2 9.72 11.11
3 15.99 12.91
4 17.74 18.06

logarithmic scale in the denominator.

This raises the issue of the length of settlement and demographic
"series" analyzed in order to obtain a cut-off value for the LCRPGR
indicator.

It goes without saying that in seeking a cut-off to underpin planning
regulations in the mid-long term, the use of excessively short reference
series for the determination of the LCRPGR index alters the phenomenon
(seven years for Abruzzo is too short to understand actual socio-
economic trends in territories).

Another issue is the administrative dimension used to check the
LCRPGR: probably the provincial dimension, marked by a certain ho-
mogeneity of features, offers greater flexibility and strategic manage-
ment than, for example, the municipal dimension which is too extensive
and open to local distortions. On the other hand, the regional dimension
(EUROSTAT NUTS 2) is probably too large, as it includes too many
physiognomies and territorial realities that are also extremely hetero-
geneous and not easily ascribable to common standards.

A further, more radical assessment sees the need to introduce a
supplementary and supporting action to UN indicator 11.3.1, especially
in cases where the population tends to decrease over longer periods of
time, it may be interesting to implement indices capable of interpreting
and correlating the transformation potential of plans and the socioeco-
nomic credentials of each administrative unit.

To accompany indicator 11.3.1, and cover a number of collateral
phenomena that the same is unable to intercept, an additional indicator
was compiled that takes into account other spatial and socioeconomic

PTTP
<2
2-.025
[ 02500
B 0-o0.15
B o.15-030
I 0:30-050
I 050 - 1.00
I - 100
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aspects that, necessarily, must intervene in order to draw a reliable
profile of administrations that propose urban growth scenarios in their
plans.

To this purpose, it may be interesting to introduce other parameters,
such as the PTTP (Transformation Potential of Planning Tools) the for-
mula of which is the following (Romano et al., 2022 a, 2022b):

n

> S
PTTP = L — —Cse
S5 A
1
where:

S* = surfaces of the n settlement areas provided by the i-teenth plan,
or fractions of them, still free from urbanization;.

S = surfaces of the m settlement areas envisaged in the i-teenth plan.

Ay = time interval (n of years) elapsed from the implementation of
the plan to the present day.

Cse = Socioeconomic credential = 7 ;%?i.

7; = average rate of demographic change in the i-teenth municipality
in the time interval (n of years) elapsed from the implementation of the
plan to the present day.

7, = average population change index in the region over the time

Table 4
Results of P value by multiple linear regression on LQ categories (in gray the
more significant P values<=0.05).

LQ Categories P value
Quartile 1 Quartile 2 Quartile 3 Quartile 4

WE 0.172 0.447 0.689 0.793
BW 0.009 0.056 0.137 0.787
EU 0.728 0.381 0.207 0.066
DH 0.437 0.055 0.205 0.175
JS 0.005 0.101 0.9 0.065
CL 0.776 0.075 0.332 0.028

LCRPGR 2012-2019
0,000
<6
6-10

B 0-1s

' M 1s-25

A R

yal EBC

- >75

Fig. 3. An experimental comparison in the Umbria region of the two indicators LCRPGR and PTTP (the synoptic classification is managed using Jenks natural breaks,

without any sampling of values).
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interval (n of years) between the implementation of the plan and the
present day.

pci; = average per capita income in the i-teenth municipality.

pci; = average per capita income in the reference setting (region,
province).

In the case of recently implemented plans (e.g., 1 year), the second
factor (1/Ay) is equal to 1, so the transformation potential is the one
expressed in its entirety by the same plan. Hence, demographic and
economic energy are important factors in transformation potential. The
possibility of synchronizing this parameter with the timespan used for
demographic dynamics is currently being assessed and, in the case of a
decreasing trend, the Cse factor is negative and consequently the index
as a whole is also negative. This indicator indirectly expresses the
greater or lesser probability that the transformation forecasts set out in
the plan will actually be implemented in the near future. The indicator
will necessarily have to be sampled in order to obtain related reference
values with respect to specific cases.

Taking into account that it is not very easy to obtain all the data for
the calculation of the PTTP indicator the present paper proposes a
comparison on the case of the Umbria Region for which the authors,
thanks to previous activities, have the necessary data available. An
initial experimentation of the two indices (LCRPGR and PTTP) has been
carried out in the Umbria Region where the mosaic of urban planning
tools is already available, and has led to the results shown in Fig. 3. The
comparison shows several points of convergence, bearing in mind that
LCRPGR refers to the actual condition of the built-up area/population,
while PTTP focuses on the contents of urban development plans with
respect to demographic and economic dynamics.

6. Conclusions

As already mentioned in our introduction, the aim of determining
cut-off values for parameters, such as LCRPGR, is to introduce rules to be
applied to municipal planning instruments, in order to curb and cali-
brate building growth and.

avoid the unmotivated excesses of Italian planning to date (Romano
et al., 2017b).

Since these guidelines affect very delicate sectors of the economy,
such as construction and the real estate market, and their numerous
ramifications (sometimes even legally "murky"), dilatory attempts to
undermine legislation should be avoided, by formulating it in such a way
as to produce effects as quickly as possible and with the minimum
impact on the socio-economic fabric.

Regarding LCRPGR, it is quite clear that, in the case of negative
population dynamics, plans should not be allowed to provide for
increased urbanization, but should help freeze the current situation by
systematically resorting to a land-related "zero balance" in the very few
cases of transformation requirements. In these cases, increases in built-
up areas become "unreasonable" and cannot be justified by the need to
meet requirements.

Although it seems inevitable that municipalities should be given a
long time to adapt their social, economic and entrepreneurial balance to
the restrictions connected with the "zero balance" target in urban con-
version of land, this clashes with the "oversized" nature of the vast ma-
jority of Italian plans in force with respect to actual demographic and
production dynamics and credentials. Generally, urban plans are
strongly incremental and therefore setting easy long-term time frames
would entail, at the current high rates, a significant percentage of land
consumption compared to the existing one. Moreover, the process would
be speeded up further, as administrators/entrepreneurs/citizens realize
that rules are about to become more stringent.

Perhaps more efficient preliminary proposals could be put forward to
deal with areas "on hold" within municipal urban planning instruments
and not yet implemented. Before resorting to suspensive measures and
drastic moratoriums, these areas could adopt more aggregate forms by
means of compromises in the transitional phases: e.g. "from date x, the
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implementation of half of what is envisaged in the plan in terms of
volume is allowed, but only with a yy% reduction in the surfaces
intended for expansion compared to the initial plan". This would help
retain a considerable amount of building volume (which is the factor
most directly linked to the financial returns of businesses in the sector),
yet help reduce land take in an immediate and probably much more
effective manner than many regional laws that actually undermine any
good intentions in principle.

Urban densification is undoubtedly a very delicate matter, that
cannot be addressed by means of simplistic equations (Coppola; , 2012;
Vergnes et al., 2014; Lin et al., 2015; Dembski et al., 2020). This poses
considerable difficulties in a country that frequently shows generalized
unpreparedness in implementing actions by working on complex pro-
cesses using sophisticated methods.

As a final consideration, it cannot be denied that the experimentation
conducted in the present work is affected by multiple reasons for un-
certainty. First, the use of non-institutional databases, such as the one
used in the work, although quite convincing in its result, cannot, of
course, support a permanent spatial management action with thresholds
included in laws and regulations, as also emphasized in the concluding
part of the Results section. Consequently, the determination of cut-off
levels will have to make use of data produced by government agencies
or research centers according to predetermined standards and protocols,
especially as these control procedures contribute to international goals
SDGs 2030. A second aspect of uncertainty is related to the correct and
possible applicability of thresholds identified at the national scale to the
level of individual regions; certainly this transferability will not be able
to be simple and immediate, but will have to be managed through
appropriate algorithms that take into account a number of geographical,
economic and social peculiarities. In this sense, the usefulness of in-
dicators such as the proposed PTTP emerges, capable of "personalizing"
the urban development credentials of the administrative units under
consideration.
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