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Abstract
Land systems combine land use and land cover, considering that their changes have 
important consequences for the local environment and human well-being and are 
pervasive factors of regional and global environmental change. More specifically, 
land consumption (LC), due to the occupation of originally agricultural, natural, or 
semi-natural areas, implies a progressive loss of key environmental resources and 
ecosystem services (ESs), reducing the individual well-being. Furthermore, policy 
makers need data on the benefits of public goods in monetary terms to support well-
being-oriented decision-making. This work seeks to demonstrate that life satisfac-
tion approach (LSA) can be applied to a practical assessment goal with the intention 
to give a monetary value to the LC and consequently to a loss of important ESs. 
The Italian case study is investigated with the help of a national survey database 
reporting the subjective well-being index (SWBI) subsequently grouped by regions. 
The overall intent is to make explicit to the policymakers that biodiversity and ESs 
are valuable to society and that their further degradation will result in irreversible 
damages to local communities. Using nationally representative data from the Multi-
Purpose Survey on Italian Families in Italy over 2012–2016, results suggest that the 
national average annual income willingness to accept (WTA) related to consumed 
land is equal to −0.0827 €/m2 on average, while the social cost for LC and the loss 
of related ESs affects 0.01% of the Italian GDP per year. Finally, the possibility of  
estimating and comparing the WTA with the land market values brings the method 
presented here closer to cost-based estimates overcoming the limitations of contin-
gent valuation methods.

Keyword  Life satisfaction approach (LSA) · Land consumption (LC) · Subjective 
well-being index (SWBI) · Land uses (LUs) · Ecosystem services (ESs)
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Introduction

Land consumption (LC) is now considered the most important threat to the preserva-
tion of ecosystem functions1. Losses of fundamental environmental resources due to 
the occupation of originally agricultural, natural, or semi-natural areas are usually 
related to the construction of new buildings and settlements, city expansion, infra-
structure development, densification, or conversion of land within an urban area. 
In general, soil consumption is defined as a change from a non-artificial coverage 
— natural and unused soil — to an artificial one. It should be specified that land 
uses (LUs) and LC are different concepts. The former can be considered as the result 
of human interaction with the land and a description of how the land is practically 
used in human activities. LC, on the other hand, refers to the biophysical cover of the 
earth’s surface, including artificial surfaces, agricultural areas, forests, semi-natural 
areas, wetlands, and water bodies, as defined by Directive 2007/2/EC. Furthermore, 
the land system concept combines LUs and LC considering that changes in land sys-
tems have substantial consequences for the local environment and human well-being 
and are pervasive factors in the regional and global environmental change. More spe-
cifically, soil sealing is the main cause of land system degradation in Europe, result-
ing in increased flood risk, contributing to climate change, threatening biodiversity, 
producing loss of fertile agricultural land and natural and semi-natural areas, and 
generating a progressive and systematic destruction of the landscape, especially rural 
(Alam & Van Quyen, 2017; Li et al., 2021; Liu et al., 2022). Given the extremely 
long time required for soil formation, land can be considered a substantially non-
renewable and progressively scarce resource that generates a wide range of valuable 
ecosystem services (ESs), although land use decisions often ignore their value. As 
defined above, the term ESs covers a wide range of connections between environment 
and human well-being, including supporting services (e.g., nutrient cycling, soil for-
mation), provisioning services (e.g., food, fresh water), regulating services (e.g., cli-
mate regulation, flood mitigation), and cultural services (e.g., recreational, spiritual, 
esthetic) (Millennium Ecosystem Assessment, 2005).

From an economic point of view, biodiversity and ecosystems can be seen as part 
of our natural capital, and the benefit flow represents the interest that society receives, 
even if unaware. But measured by the land area that can support human settlements, the 
earth is shrinking with a growing population, which contributes to an increasing vol-
ume of waste and consumption of free resources. While the scientific community has 
tried to change its paradigms by including environmental resources in the estimation of 

1  The term “ecosystem functions” has different meanings; on the one hand, they are used to describe the 
ecosystem functioning (e.g., maintenance of energy fluxes, nutrient, or CO2 recycling) and, on the other, 
to recall the benefits derived by humans from the different processes where the ecosystem is involved 
(e.g., agricultural production and waste treatment) (de Groot et  al., 2002). However, some authors 
have pointed out that there is not a definitive classification (Dominati et  al., 2010), particularly when 
researches are focused on soil and its functions. They characterized the following roles that soil plays in 
the provision of ES: fertility (nutrient cycle); filter and reservoir (water purification); structural (animals, 
plants, and humans support); climate regulation (greenhouse gas sequestration); biodiversity conserva-
tion (species habitat); and resource (source of raw materials).
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a balance between cost and benefits related to LC, policymakers have more difficulty to 
include this goal in their agenda (Frijters et al., 2020). But today, we have to consider all 
contributions to welfare creation, from those derived from human capital and the built 
environment to those received from natural capital, for determining the optimal use of 
necessarily limited resources. Moreover, the concept of LC, rather than land use, empha-
sizes the problem of the permanent loss of natural capital by recalling another issue, 
very important today, namely, that of irreversible environmental risk (Chen et al., 2020; 
Liu et al., 2020; Wu et al., 2020). The present work tries to demonstrate that a theoretical 
approach based on life satisfaction approach (LSA) can be applied to a practical assess-
ment goal with the intent to give a monetary value to the LC and consequently to a loss 
of important ESs. Indeed, there is a considerable body of literature on life satisfaction in 
economics. But small body of literature suggests that external influences, in particular 
natural environments, are key drivers of life satisfaction (Ambrey & Fleming, 2014a). In 
this direction, economic valuation could become a tool to make explicit to policymak-
ers that biodiversity and ESs are scarce resources and that their further degradation will 
result in irreversible damage to society as a whole.

According to ISPRA (2022), soil consumption continues to transform the Italian ter-
ritory at a high rate. In 2021, 69.1 km2 were artificially covered, recording the highest 
value in the last 10 years. On the national level, 7.2% of the soil has been consumed, 
but with strong geographical differences, with regions exceeding 10% of the soil con-
sumed and others recording shares of less than 5%. In this sense, the increase in soil 
consumption and the relative disappearance of green areas slows down the achievement 
of the goals defined by the UN 2030 Agenda for Sustainable Development in different 
ways, and it is therefore interesting to study the phenomenon in relation to the environ-
mental and socio-economic characteristics of the different Italian regions.

Adopting a relatively novel approach, this paper uses self-reported life satisfac-
tion data from the Multi-Purpose Survey on Italian Families in Italy over 2012–2016 
to place a monetary value on LC and related ESs in Italian regions. The LSA seems 
suitable for the valuation of complex environmental assets because it does not 
require respondents to have specific knowledge of the asset in question nor does it 
ask them to perform the unfamiliar task of placing a monetary value on a non-mar-
ket asset. Moreover, the ability to estimate and compare the WTA with land market 
prices puts the method provided here closer to cost-based estimates, overcoming the 
constraints of contingent valuation methods.

The paper is organized as follows; the second section introduces a summary of 
different topics interesting from the perspective of economic valuation, while the 
third section explains the LSA with attention to environmental and LU applications. 
A practical assessment of LC for the Italian case study follows, while a reminder for 
policymakers is included in the final conclusions.

Land Consumption, Soil Degradation, and Ecosystem Service Issues

The question of the protection of natural capital as a guarantee for the maintenance 
of human well-being began on the Rio de Janeiro convention of 1992, when inter-
national agreements recognized the importance of natural resources. Since their 
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conceptual introduction, the knowledge base on ESs has been greatly enriched. 
Since the publication of the Millennium Ecosystem Assessment (MEA), interna-
tional projects and researches for ES classification and evaluation have multiplied 
(Millennium Ecosystem Assessment, 2005). In 2007, the international project The 
Economics of Ecosystems and Biodiversity (TEEB) presented an analysis of the 
global economic benefit generated by biodiversity and defines methods of eco-
nomic evaluation of biodiversity and ESs, in order to equip decision-makers with 
the necessary tools to define economic value and support their choices and inte-
grate decision-making processes (Oliveira & Pinto, 2020). In the field of research, 
different definitions and classifications of ESs have been provided in recent dec-
ades, making it increasingly difficult to define a single vocabulary and evaluation 
handbook (Caprioli et al., 2021; Gómez-Baggethun & Barton, 2013). For this rea-
son, in the context of the European Union Strategy for Biodiversity until 2020, 
the Mapping and Assessment of Ecosystems and their Services (MAES) work-
ing group has decided to adopt the international classification system CICES as a 
common basis (Maes et al., 2013, 2012). This made it possible to provide member 
states with a shared working method and a common ES assessment and mapping 
approach (Floris & Ruggeri, 2017).

Compared to MEA and TEEB, CICES attempts to be more comprehensive and 
updated classifications, dividing the ESs into three main sections:

•	 Provisioning services: basic and raw materials (water, fibers, genetic materials, 
food production, and fuels)

•	 Regulation and maintenance services: regulate physical, biological, and 
ecological processes (climate change, carbon sequestration, water, and air 
quality)

•	 Cultural services: non-material benefits (spiritual and intellectual enrichment and 
recreational and esthetic values).

Ecosystems support human well-being through procurement, regulatory, and cul-
tural services. The MEA defines five main components of human well-being that 
are supported in a different way by ecosystem services: the basic material needs 
for a good life, health, good social relationships, safety, and freedom of choice and 
action. The latter is a fundamental condition for the concept of equity and fairness 
and influenced by other components of well-being.

As shown in Fig. 1, the links between ESs and human well-being are closely con-
nected with different primary needs able to provide crucial human support. In this 
perspective, more attention should be given to planning support tools, and quality 
data to assess a priori the extent to which planning processes can affect land use 
highlights how the deterioration and impoverishment of ecosystems and the conse-
quent loss of ESs.

There is now a considerable body of literature about the economic valua-
tion of soil consumption. Graves et  al. (2015) derived the total economic cost 
of soil degradation in England and Wales by distinguishing between on-site and 
off-site costs and market and non-market effects. They recalled the need to value 
soil degradation, for example, for flood risk and climate change control. Many 



2992	 Journal of the Knowledge Economy (2024) 15:2988–3013

1 3

other attempts have been made, starting from the report of Gorlach et al. (2018), 
reviewing over 60 studies and quantifying the economic impact of soil degra-
dation. From this respect, it is very important to clarify the difference between 
LC and land degradation and how the ES framework finds its place within them. 
Indeed, the latter has been used to link natural capital, including soil, and the 
people’s prosperity and well-being, becoming an all-encompassing term whose 
meaning, and boundaries are not uniformly understood.

Dominati et al. (2010) wisely noticed that, when looking at soil, one of the dif-
ficulties of a coherent framework linking natural capital and ESs is the confusion 
created by the use of different terminologies employed by three disciplines: ecology, 
economics, and soil science (pedology). First, natural capital is distinct from manu-
factured capital, which involves a process of resource transformation. In turn, land 
is a production factor involving inter alia real estate development. Natural capital, 
like all other forms of capital, is a stock as opposed to a flow of goods and services. 
Furthermore, soil scientists use different concepts such as soil components and soil 
properties, mainly from a chemical–physical point of view. As some authors point 
out (Boyd & Banzhaf, 2007; Fisher et  al., 2009), if it is already difficult to iden-
tify how different types of soils deliver different ESs, things get further complicated 
when trying to give them a value. For example, LUs are often considered as a proxy 
for the ES flow provided, but it would be necessary to better distinguish anthropo-
genic uses from all-natural habitats. Indeed, another critical issue is the not always 

Fig. 1   Link between ecosystem services and human well-being (authors’ elaboration inspired by Maes 
et al. (2012) and Millennium Ecosystem Assessment (2005))
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linear relationship between biodiversity conservation and the ESs approach (Gold-
man & Tallis, 2009; Yang & Wang, 2019).

For a while, ESs have not been considered holistically linked to the natural capi-
tal from which they derive. For example, general frameworks gave little emphasis to 
the role of soil types in the provision of ESs. The main goal of these estimates, made 
globally, was to provide a value to different biome types that could be easily trans-
ferred (benefit transfer) (Costanza et al., 1997; de Groot et al., 2002; Farber et al., 
2002). Subsequent research has since shown that the wide range of terrestrial habi-
tats, but also the difference in methodologies, cannot refer to standardized estimates 
once and for all (Costanza et al., 2014).

Furthermore, in the field of territorial and environmental policies, the purpose 
of the estimate cannot be considered a negligible issue (Bateman et al., 2014; Ens-
sle & Kabisch, 2020). For example, ESs generate income flows (amount per unit 
time), as opposed to stocks and processes. This is very important from the eco-
nomic valuation perspective. In economics, capital does not coincide with a flow 
of services (incomes) but with their capitalization through suitable interest rates. 
In this sense, benefit/cost estimates should be treated with caution, bearing in mind 
that the land market can be still considered a reference point when territorial poli-
cies are at stake.

The considerations just made are useful precisely to specify that the present 
application does not pretend to distinguish between the value of different types of 
soils and ESs but rather to estimate a willingness to accept for the progressive loss 
of uncovered land, considering the close relationship between individual well-being 
and natural environment.

Effects of Ecosystem Services on Subjective Well‑Being

Benefits provided by the ecosystem are innumerable, and a wide literature has 
explored the relationships between ESs and individual well-being (Conceição & 
Bandura, 2008; Hu et al., 2018). Usually, people enjoy natural areas for recreational 
purposes, like walking, hiking, playing outdoor sports, relaxing, experiencing, and 
learning about nature and biodiversity (Botes & Zanni, 2020; Dechasa et al., 2020). 
All these actions contribute to individual well-being and mindfulness improving 
environmental awareness. While psychological effects of nature on humans have 
long been known (Manning et al., 2016; Roszak, 2001; Sørensen, 2014), it has only 
recently been discovered that subjective well-being index (SWBI) can be profitably 
used to assess environmental benefits/costs (Dolan et al., 2008; Layard et al., 2012).

The SWB concept has been studied in economics, sociology, and psychology and, 
in general, in the field of the behavioral sciences. In this regard, Diener (1984) identi-
fied two fundamental SWB components, cognitive and affective; the first represents 
the process by which each individual evaluates, retrospectively, and in terms of sat-
isfaction, his own life as a whole; the second indicates the emotions that the sub-
ject experience during their daily life. Contrary to the cognitive component, which 
implies an ex-post reflection on one’s life up to a certain moment, the affective 
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component is linked to the present, to the current situation, and to emotions that can 
be positive (positive affects) or negative (negative affects). In fact, the economic valu-
ation of environmental benefits/costs proceeded mostly using the concept of life satis-
faction, therefore referring to the cognitive component (Diener et al., 2015; Saeedi & 
Dabbagh, 2020).

A fundamental step in the debate on SWB was the analysis of the relationship 
between happiness and wealth. Easterlin (1974) was the first to highlight the exist-
ence of a not proportional relationship between population’s income and well-being 
level. More later, Clark et  al. (2008) clarified how, in the utility function, relative 
income can affect economic behavioral models in different domains.

More specifically, the measurement of individual welfare and happiness, using 
data on reported SWB, has made great progress and has led to a new field in eco-
nomics (Kahneman & Sugden, 2005).

In the literature, many applications of this method are available for different pur-
poses (Welsch & Kühling, 2009). Four main domains are identifiable, bearing in 
mind that, at the moment, a general and more thorough summary would require a 
separate work. The four domains of investigation could be identified as follows:

1.	 Environmental damages: e.g., air pollution, climate change and extreme weather 
events, and natural disasters (Bertram & Rehdanz, 2015; Cuñado & de Gracia, 
2013; Ferreira et al., 2013; Li et al., 2014; MacKerron & Mourato, 2009; Sekulova 
& van den Bergh, 2013; von Möllendorff & Hirschfeld, 2016; Yuan et al., 2018).

2.	 Environmental benefits: e.g., natural environment, pro-environmental behavior, 
scenic amenities, and greenery (Ambrey & Fleming, 2014a; Ambrey & Fleming, 
2014b; Doherty et al., 2014; Huang et al., 2020; Hudson et al., 2019; Tsurumi 
et al., 2018; Verhofstadt et al., 2016).

3.	 Land uses: e.g., natural lands, urban green spaces, and urban land uses (Aguado 
et al., 2018; Alfonso et al., 2016; Bertram & Rehdanz, 2015; Kant et al., 2016; 
Kopmann & Rehdanz, 2013; Tsurumi & Managi, 2015).

4.	 Energy supply and infrastructures: e.g., nuclear power, wind turbines, and 
electricity supply (Krekel & Zerrahn, 2017; Rehdanz et al., 2015; Welsch &  
Biermann, 2014).

The second and the third domain is closer to the goal of the present work, but in 
this case, the issue of the geographical scale of the analysis is fundamental.

Methodological Framework

A working framework was set up to answer the research questions. The workflow 
requires a series of interconnected steps, as defined in Fig. 2. The main steps can 
be summarized as follows. First of all, the objective of the research was set, i.e., the 
evaluation of ecosystem services related to land consumption in Italy from regional 
aggregated data on the subjective well-being index. The next key step is to con-
struct an empirical model of SWB using knowledge weights on the determinants of 
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well-being (Barrington-Leigh, 2021). The key element is the measurement of actual 
LS reports, usually part of a wider questionnaire. It must be remembered that data 
on SWBI are usually collected in large-scale surveys led to the national or inter-
national level. Some of these refer to single countries, such as the General Social 
Surveys in the USA or the Multi-Purpose Survey on Italian Families in Italy. Oth-
ers, like the European Quality of Life Surveys or the World Values Surveys, cover 
several countries. SWB is usually elicited through a question like this, “All things 
considered, over the last few days, how would you rate your overall satisfaction with 
your life,” in a Likert-scale from 1 to 10 points, but also with other ratings, as 1 to 3, 
or 1 to 4 points. In Italy, i.e., it is measured through an 11-point scale ranging from 0 
(very dissatisfied) to 10 (very satisfied).

All these surveys bring with them the problem of the statistical representativeness 
of the sample. To stay with the Italian case, the Multi-Purpose Survey is the result of 
a stratified sample designed to be significant at the national or regional scale (ISTAT, 
2018). It would instead make sense to go down to a smaller scale, e.g., as urban, 
that is not reachable with this type of survey. However, understanding the extent to 
which regional, or local, differences in SWB exist and are related to other factors 
appears as an important goal (Goetzke & Rave, 2015). At the same time, regions 
ensure, from the estimating point of view, the necessary variation of the index, as 
will be seen below. Moreover, the variation between regions (or countries) allows the 

Fig. 2   Research workflow
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valuation of the marginal change in income, because this approach is not able to fore-
see any future state of the environmental condition as it is usually doing in contingent 
or simulated markets (Ferrer-i-Carbonell, 2005). For example, Kopmann and Reh-
danz (2013) consider changes in natural land cover, estimating the willingness to pay 
for different types of habitat (agricultural, forestry, grasslands, wetlands, etc.). They 
gather information on land cover of the total area of the European regions NUTS 2 
(in percentage) through the CORINE database (Coordination of Information on the 
Environment) and employ the output of European Quality of Life Survey. In another 
study, Bertram and Rehdanz (2015) employ a local survey for estimating the value 
of urban green spaces in Berlin, linking the respondents’ location and spatial infor-
mation with GIS data. They found that the effect of the available amount of urban 
green space is non-linear with respect to the marginal utility, first increasing and then 
decreasing, due to the distance effect. Tsurumi et al. (2018) apply the LSA to evalu-
ate green spaces in terms of affluence, people’s preference for greenery, and distance 
from their houses in Japan, while Krekel et al. (2016) investigate the effect of urban 
land use on residential well-being in major German cities using the European Urban 
Atlas that allows to employ data on land use rather than land cover. The application 
presented below is instead based on a simple but strong hypothesis, namely, that the 
land is a progressively scarce resource and that the anthropic pressure and urbaniza-
tion process influence, as expected, the market land values but, at the same time, the 
residents’ willingness to pay to have more free and natural space (or the willingness 
to accept to be compensated for the loss).

Within the model, other living conditions that may influence well-being are con-
sidered, along with any other measurable life circumstances related to an individual 
or his or her geographic region. Since the objective is to measure the impact of land 
consumption on an individual’s well-being, crucial information is the environmental 
conditions of the area in which the individual is located. In this case, SWB repre-
sents an empirical approximation of the individual utility, and it can be used for 
estimating the value of environmental goods and services (Welsch, 2009). From the 
empirical estimating point of view, environmental conditions can be considered in a 
simple OLS function2 along with income and other variables as follows (Eq. 1):

where SWBIijt is the subjective well-being self-reported by the respondent i in 
a geographical position j on date t; α is the constant term; ECujt describes the 
environmental condition; PCIijt is the per capita income of i; Xjt is a series of 
determinants observed on individual level (e.g., age, marital status, employment, 
health state, social relationships); Dijt describes other characteristics that affect 
individual well-being, such as, for example, the housing or social conditions of 
the area of residence; and ηj + ηt + εijt are unobserved terms, where the first two 

(1)SWBIijt = � + �ECujt + �PCIijt + �Xjt + zDijt + �j + �t + �ijt

2  Empirical applications have employed both linear and ordered probit models. The SWBI could be 
interpreted both as an ordinal and cardinal variable. However, Ferrer-i-Carbonell and Frijters (2004) 
found that both approaches can provide robust results. Moreover, using OLS certainly makes the estima-
tion process easier, including the MV calculation.
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represent the effects of fixed location and time, respectively. These express the 
invariant characteristics that are common to all people in a place j and on date t, 
while εijt is the disturbance term covering non-observable characteristics joined 
in the measurement error. The remaining terms are the coefficients of the single 
independent variables.

Once these parameters have been estimated, the SWB function can be used to 
obtain a monetary valuation of EC variation by differentiating for the income and 
resolving for the marginal value (MV) relative to EC, such that (Eq. 2)

where γ and β are the coefficients estimated through the LS function and PCI is the 
per capita income measured at the sample mean or in another point, on the basis of 
the estimating requirements. This last step ensures that the estimate can be brought 
back to the monetary scale, bearing in mind that even the non-marginal quantity of 
EC is implicitly measured at the same point.

In other words, in the case of environmental damages, it is possible to compute 
the increase in income that would be necessary to compensate an individual for a 
decrease in environmental quality. In this case, MV can be interpreted as the will-
ingness to accept for compensation or a monetary amount for this loss. A crucial 
requirement for obtaining reliable valuations from LSA function is that the marginal 
value is correctly estimated. The specification of the arguments of the function, in 
other words, the introduction of explanatory variables and the use of a correct func-
tional form, is fundamental in this regard.

The monetization of ecosystem services is an open question as government 
authorities and policy makers base their choices on a political economic process 
using cost–benefit analysis (CBA) while remaining a key tool for assessing welfare 
in public policies. In this context, the LSA is a useful tool for defining the benefits 
of public goods, which are difficult to measure in monetary terms through market-
based approaches such as revealed preferences approaches (e.g., hedonic prices) 
(Dell’Anna et al., 2022; Mei et al., 2018). Furthermore, the LSA method avoids some 
important difficulties that characterize the approaches of stated preferences (e.g., 
contingent valuation). In the LSA method, only the level of well-being is required, 
overcoming the problem of strategic responses (Odermatt & Stutzer, 2017).

A monetary Valuation of LC

The Italian Case Study

Italy has one of the highest levels of LC in Europe, despite the peculiarities of the 
Italian territory due to the orographic and environmental characteristics, which 
should avoid urban sprawl in areas of high environmental and territorial fragility. 

(2)

MV = ΔECujt∕ΔPCIijt

=
(

ΔSWBIijt∕ΔECujt

)

∕
(

ΔSWBIijt∕ΔPCIijt
)

= ΔPCIijt∕ΔECujt = �∕� = PCI(�∕�)
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In Italy, estimates and dynamics of LC describe a process concentrated in the 
plains. The threatened natural and semi-natural areas are found mainly in the 
coastal areas and in the valley bottoms. Moreover, in the last few decades, two 
apparently antithetical phenomena have occurred in Italy: LC and forest expan-
sion. As already mentioned, LC represents the occupation of originally agricul-
tural, natural, or semi-natural surfaces, in favor of artificial cover, e.g., buildings, 
infrastructures, and service areas. Forest expansion, on the other hand, is that 
natural process which, through different phases, involves the establishment of for-
ests on areas previously classified as other wooded lands, grasslands, pastures, 
and uncultivated land. The National System for Environmental Protection (NSEP) 
reports that, from the 1950s to date, LC in Italy has never stopped, touching the 
major urban centers and the provinces with the highest population density. The 
soil sealed surface grew from 1950 to 2016, from 2.7 to 7.6% of the national ter-
ritory, registering a rate of 184% compared to the initial data. At the same time, 
with the impetuous advance of artificial covers, the forest surfaces have made 
progress. The year 2018 will probably be remembered as the year in which the 
forests exceeded the arable land, which instead has for centuries represented the 
historical pattern of the Italian landscape. As shown in Fig. 3, the consumed soil 

2-3%
3-4%
4-5%
5-6%
6-7%
7-8%
8-9%
9-10%
10-11%

12-13%
11-12%

Fig. 3   Land consumption (LC) in Italian regions in 2017
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exceeds 5% in 15 regions, with the highest value in Lombardy (reaching almost 
13%), Veneto, and Campania. Aosta Valley is the only region below 3% of LC. 
These values are justified by the regional morphology and the historical evolution 
of the territory. This has meant deep changes in ecosystems, with, for example, 
the excessive expansion of some species previously marginalized and/or hunted 
by humans.

In light of the particular conditions of criticality of the Italian territory, it has 
become essential to reach the zero goal of net LC by 2050 coherently to the demo-
graphic growth and European policies. The importance of a reduction in LC has 
been widely reaffirmed in Europe by preparing guidelines to limit, mitigate, and 
compensate for soil sealing. In other words, the member states should ensure the 
limitation of these phenomena by reducing the conversion and transformation rate of 
the agricultural and natural land and by re-using/regenerating the already urbanized 
areas, with the definition of realistic LC targets at the national and regional level 
(ISPRA, 2017). In Italy, the monitoring and measuring of LU and LC are ensured 
by the National System for Environmental Protection (SNPA) as established by Law 
132/2016; this allows to follow the evolution of land transformation dynamics and 
urban growth through thematic cartography and elaboration of specific indicators. 
Monitoring takes place through the production of a national map of LC on a raster 
(regular grid) of 10×10m, produced according to a classification system whose first 
level divides the entire territory into consumed land and free or unused land.

In this context, and in relation to the more general governance goals, there is a 
growing demand for monetary estimates of economic values of ESs outside the mar-
ket. This application tries to demonstrate the validity and reliability of the LSA for 
estimating the inhabitants’ willingness to accept compensation for uncovered land 
loss.

Application Results

The econometric model is quite simple because an aggregated SWBI is computed, 
thus avoiding the problem of the individual heteroskedastic component in LS func-
tion. In fact, when individual data are employed, it is worth remembering that the 
unobservable or subjective component — εijt in equation (Eq. 1) — retains, in the 
vast majority of applications, a strong weight, limiting the percentage of variation 
explained by the model (R2 <30–40%). Conversely, the function based on aggre-
gated data could be simpler to be specified, and usually, it presents higher variation 
coefficients. The equation described in (Eq. 1) is simplified, and it becomes (Eq. 3):

where SWBI is the mean of the subjective well-being self-reported from a sample 
of individuals in a region j on date t, α is a constant term, PLCjt is the percentage of 
land consumption on the total of the territorial surface of each Italian region on date 
t (Fonte, SNPA), and PCIjt is the mean of the per capita income at regional level on 
date t, or in alternative, the per capita GDP and year (from 12 to 15) are the time 

(3)
SWBIjt = � + �PLCjt + �PCIjt + �YEAR12 + �YEAR13 + �YEAR14 + �YEAR15 + �jt
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dummy variables with 2016 as the base, and εjt is the disturbance term covering 
non-observable characteristics joined in the measurement error.

Briefly, the variable representing the LC percentage on the total of the ter-
ritorial (regional) surface is that environmental under investigation while the 
dummy variables are taking into account the variation of the index at differ-
ent points of time. Due to the sampling problems mentioned above, and since 
the aggregated SWBI appears to be significant exclusively at the national and 
regional scale, Table 1 shows the aggregated SWBI by region from 2012 to 2016. 
By simply observing the indexes, it is useful to notice a certain stability of the 
average SWBI in the first 4 years, except for a specific positive increase in 2016 
(Fig. 4). This confirms, among other things, what has been stated in the literature: 
the SWBI has a certain constancy over time but a variation guaranteed by space 
(Clark, 2018).

Both per capita income and GDP were tested, and the model containing the first 
appeared more consistent with the research goal. Using GDP instead of PCI can 
lead to more general reasoning around macroeconomic variables, but the goal of 
this experiment is to estimate the average WTA for the progressive loss of uncov-
ered/undeveloped land. Table  2 shows the econometric results of the application, 
and Tables 3 and 4 contain the estimates summary of the MV for single regions in 
2016 that are function of PCI (or GDP), LC percentage, territorial surface in m2, 
and inhabitants’ numbers. As shown in Table 2, the coefficients of the variables of 
the years assume a negative value (2016 omitted), as expected. Considering the per 
capita GDB (PCGDB), in 2012, the SWB coefficient is −0.123, indicating a level 
almost equal to that of 2016. In 2013 and 2014, the SWB recorded a decreasing 
trend, equal to −0.167 and −0.153, respectively. The decrease in well-being can be 
determined by the decrease in the quality of work, the minimum economic condi-
tions, and life satisfaction in the regions of southern Italy. Over the years, the gap 
between the south and the rest of the country has remained unchanged or has opened 
further. The coefficient for 2015 assumes a value of −0.207, highlighting a strong 
decrease in well-being caused by the many political and economic events that have 
affected Italy both on a regional and global scales (ISTAT, 2016).

Following Eq. 2, the WTA per capita income for each Italian region was calcu-
lated. In detail, the average income was multiplied by the ratio between γ coefficient 
(PCI), or PCGDP, and the β (PLC). The cost was calculated for the entire popula-
tion of each region, multiplying the individual WTA by the inhabitants’ number. In 
order to obtain a comparable value between regions, the WTA was related to con-
sumed land in order to obtain an income WTA per m2. Table 3, more specifically, 
highlights the estimates of the annual cost flow for the loss of undeveloped soil and 
related ESs. Consistent with the previous considerations — difference between an 
income stream and capital value — the calculation of a capital value range per m2 
is introduced in the last two columns. This allows, albeit roughly, to compare the 
WTA with the market values and to reason in terms of policies. The WTA per capita 
in the regions of Lazio, Liguria, and Lombardy is much higher than the national 
average. One reason for the higher WTA may be due to the land transformation 
dynamics that these regions are experiencing. Considering the period 2012–2016, 
at the national level, about 55% of changes occurred in a context with medium or 
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low density of land use (ISPRA, 2017). Various regions have achieved a percentage 
of changes in this context of over 70% (76.6% in Liguria, 71.2% in Lombardy). The 
changes in artificial contexts are 9% in Italy whereas 9.5% in Lombardy, 11.1% in 
Liguria, and 11.3% in Lazio. These data highlight the relevance of the low-density 
context as the one most at risk for the phenomenon of consumption, probably due 
to the greater ease of transformation of the uncovered areas that remain included in 
the urbanized areas between the infrastructural axes or in any case in territories that 
they have already lost the character of widespread naturalness.

Another discussion must be made about the findings contained in Table  4, 
where the estimate was obtained using the per capita GDP. The total GDP could 
also have been used, and the results would not have changed. It was only a unit 
of measurement choice. Since GDP is a complex macroeconomic indicator, the 
interpretation of the impact of the social cost for LC and the loss of related ESs 
must be made more consistent in terms of flows and percentages. On average, 
this cost affects 0.01% of GDP per year. However, the percentage, which in itself 
does not seem to be too high, must be referred to the level of annual growth 
which, in Italy, has been minimal in recent years. However, the economic rea-
soning is perfectly consistent with the physical–territorial reasoning. Italy is 
not a country that can count on great environmental resources. Its total surface 
area is only 301,340 km2, of which mountains account for 35.2%, and 7.914 
km is coastline. Consequently, even a small increase in LC could mean a lot. 

2012 2013 2014

2015 2016

6.2 - 6.4
6.4 - 6.6
6.6 - 6.8
6.8 - 7.0
7.0 - 7.2

7.4 - 7.6
7.2 - 7.4

7.6 - 7.8
not available

Fig. 4   Average SWB index
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Overall, in Italy, consumed soil now represents 7.63% of the total territory with 
the characteristics just mentioned. In 2017, LC exceeds 5% in 15 regions with 
the highest percentage value in Lombardy (reaching 12.99%), Veneto (12.35%), 
and Campania (10.36%). Emilia-Romagna, Friuli-Venezia Giulia, Lazio, Apulia, 
and Liguria follow, with values between 8 and 10%. Valle d’Aosta, a very small 
region, is the only one that remains below the 3% threshold. It is clear that the 
largest increases over the last year have occurred in the regions with the high-
est economic growth rates located in Northern Italy. Congedo et al. (2017) cal-
culated the area consumed in Italy within a buffer of 150 m from permanent 
water bodies, showing that several regions in Northern Italy (especially Liguria, 
which has about a quarter of the consumed area within this buffer) are poten-
tially affected by flooding, with consequences on people’s safety. This is one 
of the possible impacts of soil consumption on society. A large portion of the 

Table 4   OLS regression model estimates, per capita GDP (2016)

Source: our elaboration on ISTAT​

Region Per capita 
GDP

% of land 
consumption

Inhabitant 
number

Annual flow (euro) GDP annual flow 
(euro)

Abruzzo 23,742 5.06 1,326,513 −30,539,705.84 31,494,071,646
Aosta Valley 34,298 2.91 127,329 −4,234,792.77 4,367,130,042
Apulia 17,634 8.33 4,077,166 −69,718,055.99 71,896,745,244
Basilicata 20,461 3.37 573,694 −11,382,645.27 11,738,352,934
Calabria 16,595 5.14 1,970,521 −31,709,862.78 32,700,795,995
Campania 17,791 10.35 5,850,850 −100,938,155.01 104,092,472,350
Emilia-

Romagna
34,576 9.58 4,448,146 −149,138,517.43 153,799,096,096

Friuli-Venezia 
Giulia

30,346 8.86 1,221,218 −35,936,078.96 37,059,081,428

Lazio 32,342 8.26 5,888,472 −184,673,901.99 190,444,961,424
Liguria 31,312 8.32 1,571,053 −47,702,120.28 49,192,811,536
Lombardy 36,800 12.97 10,008,349 −357,146,417.65 368,307,243,200
Marche 26,405 7.19 1,543,752 −39,527,536.06 40,762,771,560
Molise 19,250 4.06 312,027 −5,824,504.00 6,006,519,750
Piedmont 29,832 6.75 4,404,246 −127,406,028.29 131,387,466,672
Sardinia 19,944 3.75 1,658,138 −32,067,785.96 33,069,904,272
Sicily 17,076 7.17 5,074,261 −84,022,381.42 86,648,080,836
Tuscany 30,063 7.1 3,744,398 −109,156,690.50 112,567,837,074
Trentino-Alto 

Adige
38,624 4.53 1,059,114 −39,667,606.43 40,907,219,136

Umbria 24,072 5.62 891,181 −20,802,433.00 21,452,509,032
Veneto 32,186 12.28 4,915,123 −153,404,265.58 158,198,148,878
Italy 26,667 7.61 60,665,551 −1,568,771,440.50 1,617,795,548,015
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Italian nation is subject to possible environmental consequences, which could 
be assessed through the modeling of ecosystem services. The economic evalua-
tion of ES in this sense could be relevant for spatial and urban planning and for 
policy makers to assess the relationship between the spatial distribution of envi-
ronmental components and artificial areas (King et al., 2021). In this direction, 
it seems useful to give a value to this loss and to remember that it represents a 
social cost for present and future generations.

Conclusions

LC is emerging as a global environmental concern; together with climate change 
and severe weather events, it has relevant effects on different terrestrial habitats. 
Attention to the environment and the need to protect and promote sustainable use 
of the terrestrial ecosystem has been highlighted in recent years by the Sustainable 
Development Goals issued by United Nations. In particular, the Goal 15 aims to 
integrate ecosystem and biodiversity principles into national and local development 
processes. Although the importance of the LC and ESs is now globally recognized, 
policies, especially at European level, remain still rather incomplete today. But, since 
the land system changes are the direct result of human decision-making at multiple 
scales, local, national, or global, more attention to this problem could still improve 
the current situation (de Groot et al., 2010). In other words, land must be governed 
in such a way as to preserve its potential to deliver goods and services to present 
and future generations. Especially in areas with high population densities and high 
demand for ESs, the future availability of these services must be considered in order 
to promote effective and sustainable decision-making and prevent further ecosystem 
degradation (Lauf et al., 2014). For example, in Italy, a specific national law on LC 
has not yet been launched, despite being urged by several parties. Only some regions 
have introduced the principle of control of the LC with different results on territo-
ries, sometimes conflicting. Local data to support a well-being-oriented decision-
making are needed.

In this paper, the life satisfaction approach has been applied to link SWB and 
LC in Italian regions. In detail, the estimated coefficients allowed to calculate the 
implicit WTA for compensating a given increment in LC. Our findings support pre-
vious studies showing that SWB is strongly linked to the satisfaction of basic human 
needs and to the social costs due to the loss of free resources (Aguado et al., 2018; 
Costanza et al., 2007; Hsu, 2019; Tay et al., 2015; Tong et al., 2020). This work has 
shown that the loss of undeveloped land, natural or semi-natural, has a value for 
the society. It also showed that the Italian regions highlight, according to their LC 
levels and the population’s income, an interesting geographical pattern of the WTA 
for compensation. This result does not appear trivial since it is also a function of the 
inhabitants’ well-being which, in turn, is a function of income, population density, 
and environmental conditions. This assessment is therefore multidimensional and 
provides, from this point of view, a useful indicator for territorial and environmental 
policies in order to reduce regional ecological risk.
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Territorial governance has become an important issue in recent times when we 
are overwhelmed by environmental, social, and technological changes that have 
significantly changed our lifestyle (Xing et al., 2020; Zambrano-Monserrate et al., 
2020). In this sense, the environment and the land system acquire a new value for 
society that has become aware of the importance of different bundles of benefits 
for its survival and well-being. The results obtained from this research experiment 
can become a useful tool to guide political choices that maximize the well-being of 
society by managing land use regulations taking into account the conditions of the 
ecosystems (Ahmadi Mirghaed et al., 2020).

Concerning the literature and previous applications, where there is greater use 
of individual SBWI versus an aggregate territorial index, this work emphasizes the 
application chances of an approach that reduces the weight of subjective heteroge-
neity in the LS function. In this perspective, the study seems suitably consolidated 
given the use of aggregate happiness indicators considered more accepted than indi-
vidual ones. As stated by Diener (2006), the aggregate data are suitable for cap-
turing the general well-being of the population. In addition, national statistical 
data resources ensure that sample heterogeneity is achieved at no cost. Developing 
a study based on specific surveys for the assessment of a specific problem at the 
national level whenever it is needed would be unlikely (e.g., contingent valuation). 
The use of statistically significant data allows the development of fast research and 
obtaining comparable results.

Another issue, directly related to these findings, is that of dissemination and 
communication of the research works. In fact, not surprisingly, the majority 
of research focused on economic valuation of non-market goods and services is 
not well-known by policy makers or properly disseminated (Frijters et  al., 2020; 
Odermatt & Stutzer, 2017; Stutzer, 2020). Although there are excellent reasons 
for making better use of these assessments in territorial field, even today, Euro-
pean members do not follow the same protocols for integrating cost–benefit anal-
ysis into public policy. Compared, for example, to Great Britain, Italy does not 
have a strong tradition in this sense. The consequence is that the same concept of 
cost–benefit estimation, from the public point of view, is considered random and 
aimless. The fact that the academic and scientific environment continues to demon-
strate its validity highlights, even more, the strong communication and interaction 
gap between policymakers and researchers. To this end, it is useful to conclude 
this work by remembering what operational possibilities of estimating costs of LC 
could be: (a) protection and conservation of the natural habitat with good effects 
on species (animals and plants) and landscapes (rural characters, scenic quality); 
(b) internalization of territorial development costs; (c) control of population den-
sity; (d) mitigation of climate change effects (investments in territories safety and 
prevention of landslides and floods); (e) individual well-being and improvement of 
health (reduction of health costs); and (f) supply and maintenance of common pub-
lic goods.

A final, but not useless, consideration concerns the issue of economic growth 
at the expense of territorial resources and ESs. Particularly in times of ecological 
and economic crisis, the emphasis on returning to growth “at whatever cost” is 
dangerously linked to the further consumption of free resources, such as land. This 
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work has shown that the regions with the highest population density, whose eco-
nomic development is more advanced, pay the highest cost in terms of lost flow of 
ecological benefits. Estimates of this loss are not normally counted from the point 
of view of policymakers who, on the contrary, continue to emphasize the impor-
tance of GDP growth. Although the energy crisis is highlighting the close link that 
must exist between transition towards a sustainable development model and con-
sumption of free resources, there are still who are convinced that these are at our 
infinite disposal. The economic valuation of these resources and the loss of their 
services are strategic to make a wider public understand the extent of the damage 
we are suffering. This work has favored a method not based on stated preferences 
which, despite their refinement, have not solved the problems related to the psy-
chology of choice (Gilovich et al. 2002; Kahneman, 2011). Moreover, the distance 
from real markets has contributed to generating distrust on the part of non-aca-
demic sectors. On the contrary, the possibility of being able to estimate and com-
pare the WTA with the real estate market values — in this case, a range between 
8.27 and 82.71 €/m2 has been reported — brings the method closer to cost-based 
estimates, allowing negotiating LUs between public and private subjects. This has 
been observed in a context where, as stated above, there are no standardized esti-
mates for different types of LUs providing different bundles of ESs.

Regarding the limitations of this application, additional socio-economic variables 
in the sample could better describe the SBW function. But unfortunately, it is not 
possible to find annually updated data describing the sample in this sense.

However, the obtained results are perfectly consistent with the policies that place 
the problem of managing anthropogenic pressure on ecosystems and free resources 
at the center. Research can still make many contributions in this direction, even pro-
viding estimates suitable for different decision-making contexts. A Europe-wide 
comparison could provide more information for the future.
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