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Abstract: Changes in land use and land cover (LULC) are caused by several factors, including
climate change, socio-demographic dynamics, human pressures and urban sprawl. These factors
alter the structure and functionality of ecosystems and their capacity to provide ecosystem goods
and services to society. The study of LULC changes is important for understanding the dynamics
of relationships between environmental, social and economic components and for analyzing the
factors affecting natural capital. Including ecosystem services (ES) in spatial planning tools and
sectoral policies is useful for improving governance. In this paper, the impact of LULC changes on
ES provision has been estimated. To this end, we carried out a literature review (Step 1) to select
the biophysical and economic coefficients of ES supply by land cover classes and collect them in a
database (Step 2). We subsequently aggregated the economic and biophysical coefficients by macro
classes (Step 3) and, using the benefit transfer approach, we estimated the change in the supply
of ESs concerning permanence and transition phenomena in Italy from 1990 to 2018 (Step 4). The
transition phenomena analysis also allowed us to evaluate the consequences of urbanization and
urban green space governance on ES supply. Indeed, these urban green spaces can help reduce
risks to people’s health and safety and mitigate the effects induced by climate change. In total,
approximately 800 coefficients (biophysical and economic) of ESs supplied by Corine Land Cover
classes were acquired. The results show a reduction in the annual supply of ecosystem services of
EUR 927 million (2022) caused by LULC changes between 1990 and 2018. This research proposes
a methodology to improve knowledge of ESs concerning anthropogenic impacts and to support
land-use planning policies regarding Agenda 2030 for Sustainable Development Goals.

Keywords: benefit transfer; assessment ecosystem services; land use land cover changes; transition
matrix; economic and biophysical coefficients; Italian context

1. Introduction
1.1. Background

Changes in land use and land cover (LULC) are the result of human activities that
have altered the land surface through various social and economic processes, influencing
ecosystem stability and the conservation of biodiversity [1,2]. In the past 300 years, the
Earth’s biosphere has been transformed from a predominantly wild to an anthropogenic
environment [3]. The main cause of this transformation is the land use and land cover
change, which, in combination with the indiscriminate use of natural resources, has caused
a drastic loss of biodiversity [4–6]. Data published by the global IPBES report in 2019
show that land use and land cover changes are responsible for more than 50 percent of
human impacts on terrestrial and freshwater ecosystems [7,8]. Some scientific studies
based on the meta-analysis approach [9–13] have examined the relationship between
biodiversity loss and changes in land use and land cover. These studies show that land
surface transformation linked to intensification and urbanization causes a general decline
in species richness, composition and abundance. Changes in land use and land cover
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affect biodiversity and ecosystems in which the provision of goods and services is essential
for human well-being [2,14,15]. Indeed, their supply is strictly linked to ecosystems and
land use. For example, forested areas are linked to the provision of regulating services
(i.e., climate regulation) while grazing areas are linked to provisioning ESs (i.e., forage
production). Therefore, a change in land use and land cover can lead to a change in the
provision of goods and services [2,16,17]. Changes in land use and land cover on the
one hand and the increasing demand for ESs on the other have highlighted the need to
implement governance tools to ensure the environmental, economic, and social benefits
provided by natural capital for present and future generations. These governance tools,
such as the SEEA-EA Environmental Accounting of Ecosystem Services, support public
decision-makers to achieve some of the objectives defined in international and EU natural
capital conservation policies and strategies. Hence the necessity to monitor the qualitative
and quantitative state of natural capital, to assess the costs and benefits related to its
consumption, to integrate the issue of ESs into decision-making processes and improve
management (Agenda 2030 for Sustainable Development; Biodiversity Strategy for 2030).
Having information on the value of ESs increases knowledge about the state of ecosystems
and improves decision-making. The availability of reliable information on the value of
ESs can make the contribution of natural areas more visible and quantifiable at the highest
decision-making levels [18].

1.2. ES Evaluation Methodologies: A Synthesis

The internationally recognized framework for the correct valuation and management
of ESs involves the process of mapping, biophysical quantification and economic valua-
tion [19–22]. Specific methodologies can be used for each step. For example, mapping
ES supply is mainly based on land use and land cover and the spatial distribution of
biophysical/abiotic resources [23–25]. Or it can be done through qualitative matrices that
associate each land use and land cover class (Corine Land Cover) with the qualitative value
of potential ES provision [26]. Concerning biophysical quantification, the most appropriate
methodology can be chosen according to the ecosystem service to be investigated as well as
the temporal and spatial scale. The quantification of ESs can be carried out either through
the use of software, such as INVEST, ARIES and SolVES, which are based on changes
in land use and land cover, or through the use of indicators. The choice of the method
depends on the availability of data and the characteristics of the software, which in some
cases is designed to estimate only certain services.

The evaluation of LULC changes on ES supply is a current issue. For example,
Schirpke et al., 2021 [27] mapped the change in ES supply at the ecoregions scale in Europe
between 2000 and 2018. The analysis of LULC changes is also useful for predicting scenarios
to support the public decision-maker in territorial and urban planning [28].

Furthermore, several authors have used transition matrices to evaluate the ES supply
variation due to LULC changes [29–35].

Concerning the economic valuation of ES supply, monetary techniques inherent to
both traditional valuation and consumer surplus (expressed and detected preferences)
are used [36]. The choice of the most appropriate economic technique depends on the
biophysical quantification that allows for defining the economic characteristics ((non-)rival
and (non-)excludable) of the analyzed ESs [2]. In recent decades, an increasing number of
scientific publications have been conducted at different spatial scales [22,37,38] using the
benefit transfer technique [39–41]. The objective of the benefit transfer method is to estimate
the benefits of ESs by transferring available information (especially values) from studies
already completed in another location and/or context [42]. It is used in the valuation of
ESs either to avoid expensive data collection or to complete an assessment in a limited
timeframe [43,44]. Based on this methodology, to facilitate scientific and political debate,
databases have been created that systematically aggregate economic coefficients from
studies carried out internationally, for example, the Ecosystem Service Valuation Database
(ESDV) [45] and The Environmental Valuation Reference Inventory [46]. While at the
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European level, Integrated Natural Capital Accounting (INCA) [47] has been implemented,
providing an operational procedure for ES valuation.

1.3. The Issues and Innovation of the Study

Our paper aims to assess the impacts of anthropogenic activities on human well-
being by analyzing the change in ES supply (biophysical and economic) concerning land
use changes that occurred between 1990 and 2018 in Italy. To this end, biophysical and
economic values for ES supply extrapolated from the literature were stored in a database.
Subsequently, the data were analyzed to define biophysical and economic unit coefficients
for land cover classes and estimate, through benefit transfer, the ES supply value in the
years under investigation. Finally, to estimate and further detail the change that occurred
in ES supply, we combined economic coefficients with the transition and permanence
approach from previous work [48]. This approach is innovative as it combines transition
matrices with biophysical and economic ES coefficients for land cover classes.

The study, while having its limitations, is the first step in a line of research that aims to
propose approaches to estimate the variation of ESs on spatial and temporal scales. Such
studies could support the governance and implementation of natural capital conservation
policies and strategies at a global level.

2. Materials and Methods

This research was carried out in four steps, which are shown in Figure 1. After con-
ducting the literature review (Step 1) we selected the biophysical and economic coefficients
of ES supply by land-cover class. We created a database, associating each land use and
land cover class with a biophysical and economic coefficient (Step 2). Next, we aggregated
these values by macro class to increase the degree of coverage of the biophysical and eco-
nomic coefficients for Corine Land Cover classes (Step 3). Finally, using the benefit-transfer
approach, we assessed the variation in ES supply in relation to permanence and transition
phenomena [48] in Italy from 1990 to 2018 (Step 4).
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2.1. Study Area

The study area corresponds to the territory of Italy, which covers 301,605 square
kilometers (Figure 2).
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The study of land use changes was conducted through the approach of transition
categories [48,49] which allows synthesizing the results related to the dynamics of transfor-
mation and permanence of land uses (Perm.) into classes such as permanence (of arable
land, permanent crops, urban area, forests, heterogeneous agricultural areas, water bodies),
evolution to complex systems (Etcs), urbanization (Urb.), agricultural intensification (Ag.
Int.) and extensification (Ag. Ext.) and forest expansion (For. Exp.) (Figure 3).
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The predominant category is permanence, which occupies 77% of the study area.
Forest extension covers 14% of the area, agricultural intensification 6%, complex system
evolution 3%, and urbanization 1%, while extensification affected close to zero percent of the
area. Each transition has shown a specific presence at the regional level: e.g., urbanization is
particularly important in the Piemonte region in the north (2880 ha), evolution to complex
systems and intensification in Sicily in the south (respectively 174,181 and 624,255 ha).

2.2. Literature Review (Step 1)

The bibliographic review started in March 2023. First, we used the Scopus search
engine [50] to analyze the scientific literature over 23 years from 2000 to 2023. We tested
different combinations as search queries consisting of the same set of keywords for the title,
author keywords and abstract sections. Within the combinations, we used: (i) economic
AND biophysical AND value AND ecosystem AND services; (ii) economic AND coefficient
AND ecosystem AND services; biophysical AND coefficient AND ecosystem AND services.
In addition, we consulted the ESVD database [45]. Despite the quantity of studies available
both in the Scopus search engine [50] and in the ESVD database [45], we selected data
considering: (i) studies conducted in areas with a similar climatic typology to Italy; (ii) the
possibility of associating the ES values with our minimum considered spatial unit, that is,
the CLC class at level III; (iii) the availability of coefficients (biophysical and economic)
referring to the surface area (e.g., EUR /ha). We also consulted grey literature (Appendix A)
and other statistical sources. In particular, for the extraction of the unit coefficients for
the agricultural production service, we referred to the agricultural section of the Italian
Institute of Statistics (ISTAT) [51] and data from the Research Council for Agriculture and
Agricultural Economics Analysis [52]. From the first source, we extracted the biophysical
production values per hectare of the major Italian crops, and from the second the respective
economic values per Mg produced. Concerning the ESs analyzed in our paper, we have
not considered cultural ESs. As regards green urban spaces in Italy, we have selected some
articles, including those by Manes et al., 2014 [53] and Bottalico et al., 2016 [54], which
highlight their contribution in terms of PM10 removal (air purification ES).

An obstacle to research has also been the persistence—despite the fact that the scientific
literature seems to converge towards shared nomenclatures (e.g., CICES)—of differentiation
both in the ES nomenclature and in assessment approaches.

2.3. Selection of Biophysical and Economic Coefficients and Implementation of the Database (Step 2)

From the studies selected in the literature review, we then extracted the biophysical
and economic supply values of ten ESs (four provisioning and six regulating), in the
form of unit coefficients per hectare, at CLC level III. We have not considered cultural
ES because, in comparison to regulating ESs and provisioning ESs based on biophysical
attributes of ecosystems, they are studied through relational and place-based approaches.
The provisioning ESs and regulating ESs are often investigated through land cover analysis
and remote sensing techniques that associate biophysical values with land uses [55], while
cultural ESs are often analyzed through participatory approaches such as, for example,
participatory mapping, to reveal place knowledge and related cultural benefits [56,57]. In
fact, aesthetic and spiritual recreational benefits are strictly linked to the environmental,
cultural and historical heritage of the area.

The biophysical and economic values were entered into a database and sorted by the ES
type considered and by the CLC Level III class providing the specific service. Finally, for the
economic coefficients, we converted and discounted the estimates into 2022 EUR ha−1 yr−1

using the consumer price index [58].

2.4. Determination of Biophysical and Economic Coefficients (Step 3)

Since the collection of coefficients at CLC Level III did not allow for optimal coverage
of land uses that could potentially generate ESs, we aggregated these values into ‘macro
classes’. To do this, we used the weighted average based on the proportion in the area (in
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1990 and 2018) of the CLC Level III classes contained within the “macro classes”. These
macro classes conform to the CLC Level II land use classification, except for classes 100 and
500 which are higher-order aggregations (see Section 3.2). We then analyzed the coefficients
collected through statistics such as the mean, standard deviation, median, minimum, and
maximum for each macro class and each ecosystem service. This allowed us to analyze the
distribution of values, their variability and to identify the central values.

2.5. Assessment of ES Supply (1990–2018) (Step 4)

To quantify the supply of services in 1990 and 2018 and the related variation, we
used the values for macro classes, and in particular the average values for provisioning
services and the median values for regulating services. The choice of using median values
for regulating services is because the values (both biophysical and economic) extracted
for regulating services have very wide ranges and internal variability, and the median is
generally a more appropriate indicator of centrality in the distribution in such cases [59].
The selected values were then multiplied by the area of the specific macro class in 1990
and 2018, resulting in the ecosystem service provision in the two years under investigation.
Finally, the relative difference was calculated.

The variation in the ES supply has been more in-depth and summarized through the
transition category approach to explain land use change (permanence and transitions) in
relation to the specific ES supply variation that occurred in the investigated period.

3. Results
3.1. Literature Review

In total, we considered 29 references that provide biophysical and economic values
of ten ES (four provisioning and six regulating ESs) in the function of land cover such
as agricultural production, forage production, timber supply, mushroom supply, global
climate regulation (carbon sink), air purification, water regulation, water purification,
erosion protection and flood risk mitigation.

The studies reviewed (listed in Appendix A) were conducted in Europe (90%), Amer-
ica (7%), and China (3%). From these studies, we extracted about 800 coefficients associated
with land cover classes (Corine Land Cover), of which 383 were biophysical and 404 eco-
nomic. The largest number of coefficients extracted from the analyzed scientific articles
concerned the services of global climate regulation, air purification, erosion protection,
flood mitigation and raw material supply (timber) (Figure 4).
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From analyzing the bibliographic sources, a heterogeneity of methodologies emerged,
especially for the quantification and evaluation of regulating ES. Some authors, for example,
used the INVEST software for the quantification of erosion protection and flood mitigation
ESs [49,60].

The choice of methodologies and software to be used often depends on data availabil-
ity [61]. Moreover, the economic and biophysical value of an ecosystem service can be cal-
culated by different methodologies. For example, the economic value of the global climate
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regulation ES can be estimated either by the market price or the social cost method [2,62].
This can lead to unit coefficients of different orders.

The variety of methods and software used for some ESs produces data with a large
range of values (MIN and MAX).

Furthermore, it is highlighted that biophysical and economic values are strongly
influenced by the spatial context. For example, erosion protection and flood mitigation
services are closely related to vegetation cover, geology, lithology, soil gradient, altitude,
etc. [63–65]. We also observed that many authors have used the same biophysical and
economic coefficients to estimate ESs. For example, the work of Nowak et al., 2006 [66]
and Escobedo & Nowak (2009) [67] was used to estimate the air purification service. From
the bibliographic review (see Appendix A) we observed that for some classes of land use,
there is a lack of biophysical and economic coefficients for the provision of ESs. The reason
is dual: (1) the scientific literature is limited; and (2) some land cover classes have no or
low potential capacity to provide services as indicated by Burkhard et al., 2014 [26]. In
this sense, we have found that in the literature, there is a marked majority of studies on
the ecosystem services provided by forests, compared to other ecosystems. This trend in
the literature can be attributed to the fact that forests are among the ecosystems with the
greatest capacity to provide ecosystem services, both in terms of abundance and variety.

3.2. Determination of Biophysical and Economic Coefficients

Below is a figure (Figure 5) representing the biophysical and economic unit values of
the ten ESs analyzed (mean in the case of provisioning ESs and median for regulating ESs,
see Sections 2.4 and 2.5 in Section 2). The values are associated with the macro classes of
land use and land cover.

Land 2023, 12, x FOR PEER REVIEW 7 of 24 
 

for example, used the INVEST software for the quantification of erosion protection and 
flood mitigation ESs [49,60]. 

The choice of methodologies and software to be used often depends on data availa-
bility [61]. Moreover, the economic and biophysical value of an ecosystem service can be 
calculated by different methodologies. For example, the economic value of the global cli-
mate regulation ES can be estimated either by the market price or the social cost method 
[2,62]. This can lead to unit coefficients of different orders. 

The variety of methods and software used for some ESs produces data with a large 
range of values (MIN and MAX). 

Furthermore, it is highlighted that biophysical and economic values are strongly in-
fluenced by the spatial context. For example, erosion protection and flood mitigation ser-
vices are closely related to vegetation cover, geology, lithology, soil gradient, altitude, etc. 
[63–65]. We also observed that many authors have used the same biophysical and eco-
nomic coefficients to estimate ESs. For example, the work of Nowak et al., 2006 [66] and 
Escobedo & Nowak (2009) [67] was used to estimate the air purification service. From the 
bibliographic review (see Appendix A) we observed that for some classes of land use, there 
is a lack of biophysical and economic coefficients for the provision of ESs. The reason is 
dual: (1) the scientific literature is limited; and (2) some land cover classes have no or low 
potential capacity to provide services as indicated by Burkhard et al., 2014 [26]. In this 
sense, we have found that in the literature, there is a marked majority of studies on the 
ecosystem services provided by forests, compared to other ecosystems. This trend in the 
literature can be attributed to the fact that forests are among the ecosystems with the great-
est capacity to provide ecosystem services, both in terms of abundance and variety. 

3.2. Determination of Biophysical and Economic Coefficients 
Below is a figure (Figure 5) representing the biophysical and economic unit values of 

the ten ESs analyzed (mean in the case of provisioning ESs and median for regulating ESs, 
see Sections 2.4 and 2.5 in Section 2). The values are associated with the macro classes of 
land use and land cover. 

 
Figure 5. Biophysical and economic values (EUR 2022) per hectare and LULC macro class used for 
the quantification of ES. Macro class codes correspond to urban areas (100), urban green areas (141), 
arable land (210), permanent crops (220), pastures (230), heterogeneous agricultural areas (240), for-
ests (310), shrub and/or herbaceous vegetation (320), non and sparsely vegetated areas (330) wetland 
and water bodies (500). In water purification ESs the letters N and P stand for nitrogen and phos-
phorus, respectively. 

Figure 5. Biophysical and economic values (EUR 2022) per hectare and LULC macro class used
for the quantification of ES. Macro class codes correspond to urban areas (100), urban green areas
(141), arable land (210), permanent crops (220), pastures (230), heterogeneous agricultural areas
(240), forests (310), shrub and/or herbaceous vegetation (320), non and sparsely vegetated areas (330)
wetland and water bodies (500). In water purification ESs the letters N and P stand for nitrogen and
phosphorus, respectively.

The weighting by macro classes allowed us to obtain a distribution of the coefficients
also for those land cover classes in which data was not available from our bibliographic
research.

The values reported thus represent the annual (biophysical and economic) flow of ESs
for each land use and land cover macro class.
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3.3. ES Supply in the Years Investigated and Their Variation

The application of the coefficients found to the Italian land cover in 1990 and 2018
returned the results summarized in the figures below. In particular, Figure 6 shows the
breakdown of the economic value of services in the most recent year, 2018.
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It can be seen that the service that obtains the highest economic value is food produc-
tion with a detected value of about 41.5 billion. This is followed by groundwater recharge
(about 16 billion), air purification (about 15.5 billion), erosion protection (about 10 billion)
and flood mitigation (about 6.5 billion). Finally, with even lower, but still significant values,
we find forage production (about 3 billion), climate regulation (almost 3 billion), and timber
supply (about 1.5 billion). Water purification and the supply of undergrowth products,
especially mushrooms, close with values in the hundreds of millions. Note that those
shown are the values of the annual flows (in 2018) of the ten ESs investigated. The total
economic value of annual ES supply flows in 2018 is about 97.5 billion. Regarding the
change in the annual flows of ES, Figure 7 shows the economic fluctuation of each ES
supply determined by LULC changes over the period 1990–2018.
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It can be seen that the greatest change in absolute terms is attributable to the agricul-
tural production service, with a loss in annual supply estimated at around 615 million.
This is followed by a reduction of about 280 million for the groundwater recharge service.
The other services show reductions of an order of magnitude smaller than the first two
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and concern the ESs of flood mitigation (−68 million), forage production (−54 million),
erosion protection (−49 million) and water purification (−18 million). At the same time,
for three ESs, we noted an increase in annual supply. In particular, the largest increase is
for the ES of air purification with +136 million, followed by relatively smaller increases,
i.e., +22 million for timber supply and about +1 million for the supply of mushrooms.
We can therefore see that seven out of ten services show negative changes, two of which
(agricultural production and groundwater recharge) in the order of hundreds of millions.
Overall, the LULC changes in the Italian context that have occurred in the 28 years between
the two years investigated, have led to a net reduction in the total annual flow of the
considered ESs of EUR 927 million. Finally, the change, expressed in percentage terms, in
the biophysical supply of services in 2018 compared to 1990 is shown below (Figure 8). The
change in ESs, in this case, has been calculated in percentage terms to obviate the different
units used to quantify the different ESs (Mg of CO2 sequestered, m3 of runoff avoided, etc.).
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In terms of percentage change, it can be seen that the service that varies the most is
water purification, with about +5% (or about +1.9 million kg of pollutants removed) in
2018 compared to 1990. The service that varies the least is that of global climate regulation,
with a reduction of only 0.04% (or about 31,000 fewer Mg of CO2 sequestered). Of the
negative changes, the largest is agricultural production, with a reduction of just over 1%
(almost 1 million Mg of agricultural products) compared to 1990. In only two cases (water
purification and erosion protection) are the changes found to be the opposite of what was
found for the respective economic analysis (see Figure 7). This can be attributed both to
the different coverage of land uses in terms of biophysical and economic unit coefficients
found in the literature, as well as to the values found, which in some cases differ in the
magnitude of service provision.

3.4. Economic Variation of ES Supply Concerning the Permanence and Transitions Categories

Concerning the analysis of ES supply variation (Figure 9), the results highlight a rele-
vant economic increase related to the agricultural intensification (+EUR 1677 M) and, con-
versely, a great decrease linked to evolution to complex system categories (−EUR 1521 M).
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In the first case, the increase is due to 77% of the changes toward both arable land
(210) and permanent crops (220) from heterogeneous (240) and from forests (310, 320, 330).
A low increase, corresponding to 1%, is caused by changes from open spaces with little or
no vegetation (330) toward heterogeneous agricultural areas (240).

In the second case, 66% of the transitions toward heterogeneous agricultural areas
are caused by changes from arable land (210), 33% are caused by changes from permanent
agricultural areas (220), and the rest are caused by changes from forests (310).

Permanence also generates a variation in ESs. This category includes areas in which
there are different types of land use permanence such as (i) permanence of permanent crops
(olive grove, vineyard, orchard), (ii) permanence of arable land and pastures, (iii) perma-
nence of artificial surfaces and (iv) permanence of heterogeneous agricultural areas. This
variation depends on the different coefficient values associated with each land use and
the consequent value variation: e.g., in economic terms, the loss of pastures in favor of
arable areas gives rise to an increase in food production of more than EUR 3000/ha. For
this reason, it is possible to detect ES variations.

Furthermore, since the coefficients for macro classes were obtained on the basis of the
values assigned to CLC Level III classes and weighted for the respective macro class areas
in 1990 and 2018—the final coefficients for macro classes in 1990 and 2018 do not always
coincide. This also allows for the internal variability of the specific macro classes in the
two years that were considered and leads to possible variation even in the permanence of
the same macro class.

The results of the economic variation analysis are presented in Table 1, summarized
for single ESs and single transition categories. Table 1 shows the economic variation of ES
supply based on the phenomena of LULC permanence and transition. Between 1990 and
2018, we experienced an economic loss of ESs estimated at EUR 927 million as a result of
transition and permanence processes. Evolution into complex systems is the transition that
has caused the major loss of ESs (EUR 1521 M). Through evolution to complex systems,
productive agricultural systems have been fragmented into different mosaics leading to
the loss of all ESs except for the ecosystem service of mushroom production. Evolution
to complex systems, permanence, urbanization and forest extension have resulted in an
overall loss of agricultural production of EUR 625 million. For example, in rural areas, the
abandonment of agricultural areas has favored the growth of forested areas, which has led
to an increase in all regulating services and some provisioning services, such as timber and
mushrooms. Another relevant result is the high increase in economic value associated with
agricultural intensification due to increased food production.
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Table 1. Economic variation of ES supply (in 2022 EUR millions) summarized by transition categories.

Perm. Urb. Ag. Ext. Ag. Int. For. Ext. Etcs Other Tot

Food −853 −342 43 1883 −653 −822 129 −615
Fodder −54 −19 21 40 −29 −22 8 −54
Timber 41 −3 −4 −11 2 −4 1 22

Mushroom 5 −2 −1 −9 2 4 0 1
Global climate

regulation 32 −16 −5 −36 20 −1 5 0

Air purification 462 −34 −31 −475 278 −77 12 136
Groundwater recharge −306 −30 130 373 76 −558 34 −280

Water purification −14 −2 0 −3 1 0 0 −18
Erosion 41 −73 −29 −90 84 −3 20 −49

Flood mitigation −13 −38 −12 5 19 −38 11 −68
Tot −659 −558 112 1677 −197 −1521 220 −927

Conversely, the highest decrease associated with this transition category is linked to
air purification.

On the other hand, to explain the major negative variation, the study highlighted
that the evolution toward complex systems that occurred between 1990 and 2018 led to a
remarkable decrease in economic value because of the great loss in food production and in
groundwater recharge. In general terms, the total variation is mainly related to the negative
fluctuation of food production and groundwater recharge.

Concerning urbanization processes, it should be noted that these processes are about
one percent in area (out of the total of permanence and transitions) and include the increase
of green urban areas (+1049 ha) and sports areas (+14,386 ha).

These two subclasses, and in particular, green urban areas (CLC 141), in contrast to
the other urban areas (e.g., continuous urban fabric), provide ESs that are in some cases
even relevant and certainly fundamental for communities in cities [68,69]. In fact, through
a coefficient search, we found that green urban areas generate ESs such as global climate
regulation, air purification, groundwater recharge and flood mitigation (see Figure 5). In
our review, we found the highest values for the flood mitigation service, with an average
economic value of EUR 175 per hectare of green urban area.

To analyze the spatial distribution of the economic variation in the investigated time
period, the regional administrative boundaries have been overlaid as shown in Figure 10.
Our study demonstrates a certain clustering of value fluctuation. In large areas in the
central area of Veneto, (NE), and in Sicily (S), for example, the study highlighted strong
decreases of economic value in the order of more than −EUR 800 M. This variation was
caused in most of the cases by agricultural land abandonment (Etcs transition category)
that determined, in turn, the great loss of food production. In the named regions, the
decreases were only in part contrasted by ES increases generated by forest permanence.
As far as negative variations are concerned, in the western part of Valle D’Aosta region
and in the Piemonte region (NW), it is possible to detect large areas of increases of more
than +EUR 100 M. These phenomena are linked to forest permanence and specifically to
the transformation from scarce vegetation cover toward higher vegetation abundance.

Zonal statistics applied at the regional variations pointed out that at both average
and sum levels, seventeen out of twenty regions have experienced decreases in economic
value. Fluctuation was especially negative in Sicily and Veneto while, on the contrary, was
strongly positive in Valle d’Aosta.
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4. Discussion

This work belongs to the growing body of literature that seeks to estimate the value
of natural capital and the impacts of LULC changes on the ESs it provides. Some au-
thors [31,32,34] have used transition matrices to study LULC and landscape changes. For ex-
ample, Assefa (2012) [30] used these matrices and the coefficients of Kindu et al. (2016) [70]
to assess ESs. In many cases, to assess the ES variation at the level of biomes, the coefficients
of Costanza et al. (1997, 2014) [21,22] are used. In our study, we have used biophysical and
economic coefficients at a spatial scale of greater dictum (Corine) which are thus potentially
more useful for studying the processes of permanence and transition. Since ESs are the
basis for human well-being and survival, spatial transformations can have very significant
impacts on multiple domains of well-being [22,71,72]. The results obtained in this paper
can contribute to the international debate on the need to study and understand how LULC
changes affect the ES provision [73–76]. For example, while the increase in agricultural
areas at the expense of natural and semi-natural environments leads to an increase in agri-
cultural production services, it also leads to a reduction in the provision of other services
such as carbon absorption, air purification, etc. The processes of land transformation are
also influenced by several factors including socio-demographic dynamics [77–79]. The
depopulation of mountain and rural areas in favor of urban and coastal areas causes the
transformation of the territory. For example, in rural and mountainous areas, the abandon-
ment of agricultural areas and pastures causes various phenomena such as soil erosion,
hydrogeological instability and loss of biodiversity. Even in urban areas, soil consumption
produces a loss of ESs with risks to the safety and health of citizens. Urban flooding has
become increasingly frequent due to increased urbanization and climate change [80]. Urban
green spaces can play an important role in reducing flooding [81]. Investing in urban green
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spaces and green infrastructure could therefore help strengthen the resilience of territories
against climate change.

In the specifics of the distribution of the coefficient values collected in our database,
we found the following features: (i) the range of values is generally greater in the regulating
ES than in the provisioning ones; (ii) the range of values is generally greater for economic
values than for biophysical ones; and (iii) the range of values generally increases as the
studies considered increase (and therefore the number of coefficients extracted), e.g., for
forest classes. The first point can be explained largely by the fact that the analysis of
provisioning services is very often based on point accounts, which can be found in official
statistical systems, whereas regulating services are not often included in this type of
statistics but are evaluated employing heterogeneous methodologies, which often have a
higher degree of approximation. Concerning the second point, the higher variability of
economic values compared to biophysical ones stems from the fact that the latter suffers
from a double variability since they are both usually derived from biophysical values (with
their intrinsic variability), and from the use of non-standardized economic values (see the
social cost of carbon, as a case in point).

The economic supply values of the ESs found for the two years are in some cases
within the ranges found in other works at the national level [82] while in other cases,
they are outside these ranges. The difference can be attributed, at least in part, to the
methodologies of employed analysis. A good example in this sense comes from the
quantification reported in the IV report on Italian natural capital [82] where, through the
use of ARIES technology, the economic value of a service is estimated based on the degree of
protection of potentially floodable assets (calculation of avoided damage). On the contrary,
in our work, the economic coefficients extracted from the literature refer mainly to the
‘replacement cost’, i.e., the cost of building a lamination basin that can collect a given
amount of rainwater. We estimated the annual cost of the infrastructure as a function of the
construction cost [83] and the average infrastructure duration of 25 years.

At the same time, the same report attributes the value of the groundwater recharge
service in 2018 at approximately EUR 14,073 million (values as of 2018), similar to the value
found in our study (16,115 million), especially if we consider that our values are indeed
attributed to land cover in the year 2018, but are discounted in economic terms to 2022.

Concerning the total economic change in services from 1990 to 2018 found in our
paper, although at first glance it may not seem particularly relevant (a decrease of about
EUR 927 million out of a total supply in 1990 of 98.5 billion), this becomes more significant
if one considers that the change found concerns only the difference in the supply of ESs
generated by land cover in 2018, compared to land cover in 1990. Our results therefore
do not include the total annual changes in ES supply that occurred between 1990 and
2018, but only the differential between the supply capacity in 1990 and that in 2018. If we
hypothetically assume a linear trend of decreasing ES supply in the 28 years between 1990
and 2018, we would have to count (i.e., sum) the losses that occurred year by year over the
entire period. The final accounting would be higher in this case.

Our study thus highlights how the capacity of the Italian territory to generate ecosys-
tem services has decreased in 2018 compared to 1990. As reflected in the international
literature [21,22,84], the decrease in ecosystem services is a global issue. IPBES [8], for exam-
ple, calculates that globally from 1970 to 2019, 14 of the 18 ESs analyzed are decreasing. The
increases are only in the ES of potential food and bioenergy production resulting from the
expansion of agricultural land globally. However, agricultural area expansion (along with
urbanization and deforestation) is among the land-use changes that most impact other ESs.
In our case, economic ES supply variation was analyzed through the transition categories
approach to point out the weight that each land-use change had on the ES variation. In
this sense, this study finds a remarkable correspondence between food production and
agricultural intensification, which is the most important factor of the total fluctuation. This
correspondence can be found especially in some regions, such as Veneto and Sicily.



Land 2023, 12, 2173 14 of 24

In our opinion, an added value of this work is that the approach adopted allows for the
distinction of spatial processes that lead to “synergies” and “trade-offs” in the provision of
ESs. Synergies consist of a simultaneous increase or decrease in service provision as a result
of the same driver of change (LULC changes in our case), while trade-offs involve opposite
changes in service provision [85]. A good example in terms of trade-offs comes again from
agricultural intensification which brings increased food and forage production but at the
expense of many other services (notably air purification, erosion protection and global
climate regulation). These results are in line with the international literature [86,87] and
derive from the simplification of the landscape that agricultural intensification brings with
it. In particular, in the Italian case we analyzed, the processes of agricultural intensification
mainly involved [87] the transition from heterogeneous agricultural and semi-forested
areas to arable land and permanent crops (vineyards in particular). A possible solution
to mitigate the adverse effects of agricultural intensification on the provision of many
regulating ESs is offered by “agroecology”, which seeks a better balance between purely
productive outputs and the conservation of natural capital [88–92].Another exemplary
case concerns reforestation processes, which account for almost 14% in area of the total
permanence and transitions, and generate a positive synergy for all ESs, but the trade-offs
are those typical of agricultural areas such as food and forage production. In this case,
synergies involve those ESs that are typically generated by forests and also defined in the
literature as “bundles of ESs” [93], namely “a set of associated ESs that are linked to a given
ecosystem and that usually appear together repeatedly in time and/or space” [94]. Other
examples of synergy, in this case with negative effects, are urbanization and evolution into
complex systems transitions.

The former, as might be expected, leads to a reduction in all ESs, while the latter in
almost all. In fact, urbanization (except in the case of the establishment of urban green
areas), leads to a major loss of natural capital and generated ESs. While the evolution to a
complex system involves a significant net reduction in ESs, because, as we have noted, this
transition occurs primarily at the expense of agricultural and forestry land uses which are
known to provide high provisioning (the former) and regulating (the latter) services.

In general, the practice of analyzing spatial dynamics in terms of synergies, trade-offs
and ES bundles can be a useful tool for managing a territory with greater awareness and
in our opinion should be integrated into spatial planning processes. In particular, the
results of this study on trade-offs and synergies arising from LULC changes could be a
good information basis for specific cost–benefit analyses and/or for informing local spatial
planning on the many complex effects of certain decisions.

Limitations of the Study and Future Steps

It is important to highlight that in this paper, the economic estimation of ESs was
carried out using benefit transfer. Benefit transfer is a method that allows for a relatively
quick assessment of the value of ecosystem services, but at the same time can be a source
of errors in the assessment. One of the main errors in the use of benefit transfer is what
the literature refers to as ‘generalization’, i.e., the lack of correspondence between the
site from which values are taken (‘study site’) and the one to which they are transferred
(‘policy site’) [44,95,96]. To limit this approximation, in this work, the CLC class at Level
III was used as the initial minimum unit of analysis. To the best of our knowledge, this
level of detail is used in very few studies, as most refer to biomes with lower resolution.
Thus, using this level of detail, values can be transferred between land use and land
cover units with a fair degree of correspondence. Furthermore, it should be emphasized
that our case study is the entire Italian national territory, which, with its multitude of
climates, biomes and territorial configurations, already presents intrinsic variability in
the provision of ecosystem services. In this sense, therefore, the variability of the values
that we have found in our study, may even be less than the variability that would be
obtained by analyzing Italian biodiversity with other, more analytical methods. Similarly,
applying a single method of analysis for the entire Italian territory would not necessarily



Land 2023, 12, 2173 15 of 24

lead to greater precision in estimation, since in any case, it is very likely that it would
have to resort to approximations or generalizations to include the great variability of the
structures, processes and conditions of Italy’s natural capital that underlie the generation
of ecosystem services. We believe, therefore, that the benefit transfer method used herein
fits well with the purpose of this work, which does not reside in a punctual and local
analysis of the provision of ESs, but in the most representative, albeit approximate, value
of the average capacity to provide ecosystem services. In our study we tried to acquire as
many articles as possible to extrapolate ES biophysical and economic unit values for land
cover classes. Despite our efforts, not all ESs potentially generated in the Italian territory
have been considered. This is probably also reflected in the results, e.g., we found that
the main drivers of the ES economic value variation at the national level can be associated
with the decrease in food production that, despite the boost of agricultural intensification,
is reduced by other transitions (e.g., urbanization, forest expansion). In this regard, it
is necessary to point out that, by not counting all possible ESs provided by forests, our
study inevitably underestimates the economic value of reforestation. Among the services
provided by forests and not valued in this study, we find, for example, recreational and
heat wave mitigation services. Counting, among others, these two services could certainly
increase the economic value obtained from reforestation processes. In any case, it should
also be noted that many of the ESs provided by forests are not accounted for in an official
market and therefore their value is more difficult to derive. In this sense, new accountings
such as the SEEA framework [97] are therefore crucial, precisely in order not to further
neglect the benefits provided by forests.

Among the ESs not analyzed in this paper are cultural services in particular. Due to
methodological challenges, cultural ESs are rarely fully considered in ES assessments [98].
In fact, research on cultural ESs requires alternative assessment approaches that draw on a
wide range of social science tools and methods [99]. Therefore, to integrate cultural ESs
into our evaluation, specific investigations of biophysical and economic evaluations should
be conducted for CLC classes at the national scale.

In the future, it will be necessary to try to include, through specific coefficients, the
contribution of cultural ESs to the overall provision of services, but this operation requires
a deep reflection from a methodological point of view and careful use of the results. In fact,
cultural ESs, by their very characteristics, are related to the cultural capital of populations
and this makes the interaction between man and the environment that is the basis of
cultural ESs [84] extremely variable—for the same land use, or even for the same biomes
or ecosystems. One of the future challenges of our research is to implement specific
survey methods such as participatory approaches [56,57] or the use of the Social Values
for Ecosystem Services (SolVES) software to have biophysical and economic coefficients
for cultural ESs. Furthermore, to expand the database that we created, we aim to improve
the literature research using other search engines such as Web of Science (WOS) and to
review the keywords. We will also expand the bibliographic research considering a broader
time than the one considered. This would allow us to find more articles from which to
extract biophysical and economic coefficients and obtain greater coverage in terms of the
considered ESs.

Finally, the methodological combination applied in this study also allows an analysis
of the trade-offs and synergies of ESs resulting from LULC changes, which are potentially
very useful in spatial planning processes. Future research directions in this regard could
explore the role of synergy and trade-off analysis in order to meet the specific ES demands
found in a given area. In the same way, it would be very useful to further investigate
the relationship between provisioning and regulating services, providing suggestions on
how to optimize service provision with a view to balanced spatial planning that generates
‘win-win’ results, according to the identified needs.
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5. Conclusions

Compared to other studies conducted in Italy, the original contribution of our research
is to present an approach for assessing the impacts of LULC changes on the provision of ESs
using the combination of transition matrices with biophysical and economic coefficients
from the literature. In comparison to ISPRA (2022), which analyzes the impacts of land
consumption, urbanization and infrastructure on the landscape and ESs, we analyzed the
assessment of ESs as a function of the transition and permanence processes over a broad
period (1990–2018). Furthermore, compared to the IV report on Italian natural capital [84],
we extrapolated a large set of biophysical and economic data from the literature. This
analysis could be used to predict future scenarios to support mitigation and adaptation
strategies and policies.

The proposed approach is versatile and can be applied in other spatial contexts since
the matrices and coefficients are associated with Corine land use classes. In fact, by knowing
the extent of land cover classes and the unit values (biophysical and economic) per hectare,
it is possible to estimate both the supply of ESs and its resulting variation due to changes
in LULC. In this sense, the results of this study can also be used as a predictive tool in
regional or urban planning. The negative consequences of soil sealing, for example, cannot
be completely mitigated by afforestation interventions (in case, e.g., of environmental offset)
since the significant ES loss is not compensated by the possible increases.

The presented approach has been applied to implement the study by Marino et al.,
2022 [48] and provide a synthesis of the variations in the economic value of ESs observed in
Italy in the period 1990–2018 caused by the transition and permanence processes. The study,
of which this work is a part, is oriented to promoting methodologies for the estimation
of ESs, contributing to enriching the scientific literature on this topic. In fact, there are
many studies in the literature and the authors (Appendix A) have used different software,
methodologies and approaches to quantify and assess ESs at the biome level [22], ecosystem
level [100], and land cover classes (see studies listed in Appendix A). The study by land
cover classes has the advantage of measuring, with greater precision and detail, the impact
of land transformation processes on ES supply. Furthermore, the constant updates of Corine
data at a European level allow applications at different spatial and temporal scales.

The results of this study are open to comparison, to improve the proposed approach
to ES assessment, to update the coefficients from new studies and to deepen the spatial
distribution through the use of some geographic detectors (e.g., Markow chain and Gini
coefficient). However, our challenge will be to augment the database with other coefficients
(biophysical and economic) by improving the literature review. The proposed approach
may be functional for monitoring ESs at spatial and temporal scales as a function of land
transformation process support for the implementation of SEEA Ecosystem Accounting
(SEEA EA) to account for ESs [97]. Environmental accounting tools can support public
decision-makers in choosing policies and strategies for global and local governance.
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Appendix A

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are
listed in the references.
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Coefficient
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Coefficient Study Area

Food production
Council for Agricultural
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est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Italian Alps

Häyhä et al., 2015 [36]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
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Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
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Pettenella et al., 2021 [106] ✕  
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Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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[52] 
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Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Alpine forests (Italy)

Vysna et al., 2019 [100]
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lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
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White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
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Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
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Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Europe

Pedroso et al., 2018 [104]
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Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Natural Park of Serra de São
Mamede, Portugal

Bernetti et al., 2013 [105]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 
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Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest area of Tuscany (Italy)

Pettenella et al., 2021 [106]
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Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
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Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
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eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forests in the Veneto region
(Italy)

Hein et al., 2011 [107]
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Forests in the Veneto region 
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est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
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White, 2015 [108] ✕ 
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Hoge Veluwe protected forest
(Netherlands)

White, 2015 [108]
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Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Land 2023, 12, x FOR PEER REVIEW 17 of 24 
 

Conflicts of Interest: The authors declare no conflicts of interest. 

Appendix A 

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Protected areas in England and
Scotland

Marchetti et al., 2018 [109]
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Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
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Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Italians forest

Mushrooms supply
Schirpke et al., 2015 [101]
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Forage production 
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São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
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Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Natura 2000 Sites (Italy)

Bernetti et al., 2013 [105]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Toscana Region (Italy)

Global climate
regulation

De Jong et al., 2016 [110]
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Forage production 
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Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Limburg Province
(Netherlands)

Remme et al., 2016 [111]
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Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
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São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
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eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Limburg Province
(Netherlands)

Marino et al., 2021 [2]
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Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Biophysical 
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Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

National Parks (Italy)

Schirpke et al., 2015 [101]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Natura 2000 Sites (Italy)

Morri et al., 2014 [83]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Apennines and coastal areas
(Italy)

Häyhä et al., 2015 [36]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Alpine forests (Italy)

Cervelli et al., 2022 [112]
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Biophysical 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Vesuvius National Park (Italy)

Paletto et al., 2015 [113]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Austrian Alps

Bernetti et al., 2013 [105]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest area of Tuscany (Italy)

White, 2015 [108]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Protected areas in England and
Scotland
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Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forests (Great Britain)

Xue et al., 2001 [115]
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Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Changbaishan Mountain
Biosphere Reserve (Northeast

China)

Marino et al., eds (2023) [60]
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Biophysical 
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Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Monte Amiata e Mugello,
Toscana (Italy)

Marino et al., eds (2023) [116]
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Biophysical 
Coefficient 
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Food production 
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Città metropolitana Roma
Capitale (Italy)

Air purification

De Jong et al., 2016 [110]
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Limburg Province
(Netherlands)

Remme et al., 2016 [111]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Limburg Province
(Netherlands)

Duarte et al., 2021 [117]
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Appendix A 

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Salt marsh plant species of six
Portuguese transitional

systems

Marino et al., 2021 [2]
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Appendix A 

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Land 2023, 12, x FOR PEER REVIEW 17 of 24 
 

Conflicts of Interest: The authors declare no conflicts of interest. 

Appendix A 

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

National Parks (Italy)

Bottalico et al., 2016 [54]
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Appendix A 

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Florence (Italy)

Manes et al., 2014 [53]

Land 2023, 12, x FOR PEER REVIEW 17 of 24 
 

Conflicts of Interest: The authors declare no conflicts of interest. 

Appendix A 

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Rome (Italy)

Hein, 2011 [107]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Hoge Veluwe protected forest
(Netherlands)

White, 2015 [108]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Protected areas in England and
Scotland

Marino et al., eds (2023) [60]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Monte Amiata e Mugello,
Toscana (Italy)

Water regulation

De Jong, 2016 [110]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Limburg Province
(Netherlands)

Remme, 2016 [111]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Limburg Province
(Netherlands)

Duarte et al., 2021 [117]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Salt marsh plant species of six
Portuguese transitional

systems

Schirpke et al., 2015 [101]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Natura 2000 Sites (Italy)

Bernetti et al., 2013 [105]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Toscana Region (Italy)

Hein et al., 2011 [107]
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Hoge Veluwe protected forest
(Netherlands)

Esen et al., 2023 [118]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest in Southern Aegean
region of Turkey

Xue et al., 2001 [115]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Changbaishan Mountain
Biosphere Reserve (Northeast

China)

Water purification
Duarte et al., 2021 [117]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Salt marsh plant species of six
Portuguese transitional

systems

Marino et al., eds (2023) [60]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Land 2023, 12, x FOR PEER REVIEW 17 of 24 
 

Conflicts of Interest: The authors declare no conflicts of interest. 

Appendix A 

Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Monte Amiata e Mugello,
Toscana (Italy)
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Water purification

Marino (eds), 2023 [116]
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Città metropolitana Roma
Capitale (Italy)

Piaggio et al., 2021 [119]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest areas (Costa Rica)

Mueller et al., 2014 [120]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest in northern Arizona
(USA)

De la Cruz et al., 2009 [121]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Pico da Vara Special Protected
Area (Portugal)

Matero et al., 2007 [122]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Finnish forests (Finland)

Erosion protection

Esen et al., 2023 [118]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest in Southern Aegean
region of Turkey

Duarte et al., 2021 [117]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Salt marsh plant species of six
Portuguese transitional

systems

Schirpke et al., 2015 [101]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Natura 2000 Sites (Italy)

Marino et al., eds (2023) [60]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Monte Amiata e Mugello,
Toscana (Italy)

Mastrorilli et al., 2018 [123]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Calabria Region, Italy

Morri et al., 2014 [83]
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Apennines and coastal areas
(Italy)

Häyhä et al., 2015 [36]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Alpine forests (Italy)

Pedroso et al., 2018 [104]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Natural Park of Serra de São
Mamede, Portugal

Xue et al., 2001 [115]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Changbaishan Mountain
Biosphere Reserve (Northeast

China)

Flood risk mitigation

Esen et al., 2023 [118]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest in Southern Aegean
region of Turkey

Duarte et al., 2021 [117]
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Table A1. Bibliographic references of biophysical and economic coefficients. Note: The articles are 
listed in the references. 

ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Salt marsh plant species of six
Portuguese transitional

systems

Marino et al., eds (2023) [60]
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ES Sources 
Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Biophysical 
Coefficient 
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Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Monte Amiata e Mugello,
Toscana (Italy)

Morri et al., 2014 [83]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Apennines and coastal areas
(Italy)

Mastrorilli et al., 2018 [123]
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[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Biophysical 
Coefficient 
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Coefficient Study Area 

Food production 
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search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Calabria Region, Italy

Marino et al., 2023 [49]
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Biophysical 
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search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 
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Biophysical 
Coefficient 

Economic 
Coefficient Study Area 

Food production 
Council for Agricultural Re-
search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Città metropolitana Roma
Capitale (Italy)

Broadmeadow et al., 2018
[124]
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Biophysical 
Coefficient 
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Food production 
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search and Economics, 2022 

[52] 
✕ ✕ Italy 

Forage production 

Schirpke et al., 2015 [101]  ✕ ✕ Natura 2000 Sites (Italy) 
Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 

Tardieu et al., 2015 [102] ✕ ✕ Natural and semi-natural 
areas (France) 

Timber supply 

Grilli et al., 2015 [103]  ✕ Italian Alps 
Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 
Vysna et al., 2019 [100] ✕ ✕ Europe 

Pedroso et al., 2018 [104]  ✕ Natural Park of Serra de 
São Mamede, Portugal 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

Pettenella et al., 2021 [106] ✕  
Forests in the Veneto region 

(Italy) 

Hein et al., 2011 [107] ✕ ✕ Hoge Veluwe protected for-
est (Netherlands) 

White, 2015 [108] ✕ ✕ Protected areas in England 
and Scotland 

Marchetti et al., 2018 [109] ✕ ✕ Italians forest 

Mushrooms supply 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 
Bernetti et al., 2013 [105] ✕ ✕ Toscana Region (Italy) 

Global climate regula-
tion 

De Jong et al., 2016 [110] ✕  
Limburg Province (Nether-

lands) 

Remme et al., 2016 [111]  ✕ Limburg Province (Nether-
lands) 

Marino et al., 2021 [2] ✕ ✕ National Parks (Italy) 
Schirpke et al., 2015 [101] ✕ ✕ Natura 2000 Sites (Italy) 

Morri et al., 2014 [83] ✕ ✕ Apennines and coastal ar-
eas (Italy) 

Häyhä et al., 2015 [36] ✕ ✕ Alpine forests (Italy) 

Cervelli et al., 2022 [112]  ✕ Vesuvius National Park (It-
aly) 

Paletto et al., 2015 [113]  ✕ Austrian Alps 

Bernetti et al., 2013 [105]  ✕ Forest area of Tuscany (It-
aly) 

White, 2015 [108] ✕ 
✕ Protected areas in England 

and Scotland 
Willis et al., 2003 [114]  ✕ Forests (Great Britain) 

Forest in Great Britain (GB)
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