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Abstract: Cities are responsible for about 75% of the global greenhouse gas emissions. Various
materials and energy sources, which are mostly produced by the rural areas rather than the cities, are
consumed by the cities, and their waste is released back into the rural areas, thereby causing evident
environmental damages. The Rural–Urban Metabolism approach can offer a comprehensive tool to
understand the flux of resources that cross the urban environments and plan for more sustainable
cities. Considering the strength of the relationship between the urban and rural areas, this paper offers
a new perspective regarding the Rural–Urban Metabolism and its application in the Autonomous
Province of Trento is discussed. The methodological approach consists of four main steps: data
collection and management to support strategic territorial/urban plans; data assessment to critically
evaluate the existing context; data mapping to visualize the data and territorial dynamics; and
finally, the definition of the strategic and integrated development plan and actions. The Rural–Urban
Metabolism proved to be a strategic approach for urban planning and design to monitor the flow of
it, assess the impacts of it and promote more sustainable and circular urban policies.

Keywords: Urban Metabolism; ecological footprint; biocapacity and ecosystem services; human
impact assessment

1. Introduction

Cities cover 2% of the Earth’s land surface [1], but they are responsible for about
75% of the carbon emissions [2]. The relationship between the urban and rural areas is,
therefore, often unbalanced. Cities require huge amounts of natural resources—which are
produced in rural areas, they transform them, consume them, and then release them back
into the surrounding areas. Therefore, the urban areas affect the surrounding territories [3],
exerting pressure on the natural environments such as water systems, agricultural areas,
and ecosystems. On the one hand, as briefly mentioned earlier, cities are closely dependent
on their surrounding areas as they need resources to survive (e.g., energy, food, and
materials) and regenerate the consumed resources (e.g., places to locate the waste, the
decontamination of the polluted air and water, and recreational spaces where the citizens
can regenerate) [4]. This unbalanced relationship could worsen as the percentage of the
world’s urban population is expected to reach 70% by 2050 [5], thereby leading cities
to demand more and more natural resources to meet the needs of their inhabitants, for
example, in terms of the need for food and a greater need to store waste in the peripheral
areas such as the rural areas. Creating a more balanced and sustainable relationship
between the urban and rural landscapes is one of society’s major challenges. Many cities
worldwide are beginning to analyze their dynamics and systems with the aim of reducing
resource consumption, waste production, and pollution.

Bahers et al., 2022, in their accurate review [6], highlighted that several research
projects have been led to us understanding the way in which communities use and manip-
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ulate spaces following the use of different approaches (territorial economic, socio-political,
socio-ecological, governance and urban planning, and modeling), and each approach has
its limitations. They strongly encourage the development of methods that can be used at
a wider level to cross-fertilize the communities and to consider space more consistently
in Urban Metabolism research. The RUM offers the possibility to take into consideration
space more consistently in Urban Metabolism research and to start the cross/fertilization
process that is called for by the research community.

A method to investigate the territories’ sustainability and support the resources’ circu-
larity has been developed during the EIT Climate-KIC “SATURN” project (2018–2021) [7,8].
The method and the tool have been named “Rural–Urban Metabolism”, and they have
been tested in four focus areas of the Trentino region: the Municipality of Trento, the
Municipality of Pergine Valsugana, the Rotaliana Plain, and the Municipality of Arco. The
method is structured in four main stages: the analysis of the territory dynamics and the
quantification of the human impacts on the territory; the monitoring of natural resource
consumption and renovation; the development of a strategic vision (for 20–30 years); and
finally, the management of the data regarding land use, biodiversity, ecological corridors,
and strategies of adaptation/mitigation to climate change. Building on the findings from
the Rural Urban Metabolism study, the actions and ideas to improve the circularity of the
territory, strengthen the connection between the urban and rural areas, and support the
sustainable development of the involved territories are under testing through the use of the
EIT Food-KIC project “HelpFood 4.0” (2022–2025). In particular, the HelpFood4.0 project
focuses on food as a connecting element between the rural and urban areas.

This contribution presents and discusses the results of this methodological approach
to foster sustainable territorial strategies by promoting the enhancement of natural capital
through the use of spatial planning. The paper is structured into five sections: Section 2
illustrates the theoretical and territorial backgrounds of the research, considering the Urban
Metabolism concept; Section 3 describes the methodology that was used to conduct the
study; Section 4 presents the obtained results, which are discussed in Section 5, along with
final considerations and the future outlined research directions.

2. Background
2.1. Theoretical Framework

The theory of Urban Metabolism (UM) quantifies the flows of the energy and materials
that cross the cities [9]. The metabolism metaphor compares the “urban systems to living
organisms and adopts the metabolic thinking of living organisms to urban operations
because they consume resources from the environment and excrete waste” [10]. The origins
of the concept trace back to the works of the sociologists Karl Marx and Friedrich Engels
and their studies on the social structures that are related to how materials are extracted from
the earth [11]. Marx was the first to use the ‘metabolism’ metaphor in 1883 to describe the
interactions the occur between humans and the raw materials of the earth [12]. Following
the two sociologists, the biologist Patrick Geddes tried to exploit an empirical description of
metabolism at a macro scale [13]. He was the first to establish a “budget”, translating all of
the energy and material inputs or outputs into physical quantities. Until 1965, when Abel
Wolman published “The Metabolism of Cities” [9], the method was not correctly exploited
and developed. In his book, he first investigated all of the fluxes of a hypothetical American
city with one million inhabitants and introduced the concept of a limit on the resources
that can be exploited to obtain a certain output [14]. He also contributed to enhancing the
knowledge about the system-wide impacts of the goods that we produce and waste [14].
Another 30 years would were needed to pass for Herbert Girardet [15] to document
the connections between the Urban Metabolism flows and the cities’ sustainability. He
introduced the themes of a circular economy and circularity into the field of urban planning,
comparing it with the current function of the cities, which follow linear patterns [16].
Nowadays, this concept has become part of several studies worldwide, and since 2010, it has
been extensively applied to urban ecosystem studies [17] and urban planning and design [10].
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The purpose of the study of ecological spaces is to coordinate the relationship between the urban
and natural ecosystems [18]. Therefore, the research on the urban ecosystem that is based on a
material metabolism perspective is meant to be a theoretical supplement to urban ecological
construction as pointed out by Golubiewski [19]. The purpose of these studies is to coordinate the
relationship between the urban and natural ecosystems [18] by reconnecting the rural and urban
areas. To achieve this goal, public authorities (regional governments, municipalities, public
agencies, etc.) need to: analyze the territory’s dynamics and quantify the human impacts on
it; monitor the natural resource consumption and renovation; develop a strategic vision (for
20–30 years); manage the data regarding land use, biodiversity, ecological corridors, and the
strategies of adaptation/mitigation to climate change; and finally, effectively communicate
the results of the process. Most public authorities do not have the capacity to collect,
manage, and process these datasets due to a lack of human resources and them having a
single system for consulting, visualizing, and processing the data. The fragmentation of
the information, and thus of the decision-making process, is a problem that plagues public
administrations. Rhodes [20] indicates that public administration fragmentation is the first
issue that affects public governance. Two types of fragmentation can be distinguished:
horizontal fragmentation refers to the number of units within the same area (e.g., the
number of municipalities in a given area); while vertical fragmentation refers to the number
of institutions or actors that act in the same area [21]. The fragmentation of the institutions
increases the management costs and creates the loss of efficiency [20]. This problem affects
not only the smaller municipalities, but also the larger ones. The main disadvantages
are economic, distributional, organizational, and strategic [22]. That which is linked to
excessive fragmentation is the loss of the advantages of the economies that are of scale, there
being fewer servants, there being fewer human resources, and there being less territorial
development. From the point of view of spatial planning, fragmentation means that it is
impossible or difficult to promote the supra-local policies that could benefit the area [22].
Data centralization could support and speed up the decision-making process and make it
more consistent with the real needs of the territory.

According to Bahers et al. [6], who carried out an accurate review of 448 publications,
the role of space management in the metabolism of the cities deserves a deeper under-
standing. In particular, the authors call for the use of a multidisciplinary perspective. This
research focuses on this increasing body of research in the field of Urban Metabolism studies
that are applied to spatial planning management, thereby proposing a multi-disciplinary
approach that combines the quantitative and qualitative data. To embrace multiple perspec-
tives and approaches to urban planning, a co-participatory approach has been adopted,
involving a diverse sample of actors: politicians, technicians, private citizens, members of
various associations and economic representatives.

2.2. Context

The methodological approach was tested in the Autonomous Province of Trento, Italy,
between 2020 and 2021. The research framework has been represented by the EIT Climate-
KIC “SATURN” (2018–2021) project, whose acronym stands for “System and sustainable
Approach to virTuous interaction of Urban and Rural LaNdscapes” [7]. The project’s pilot
case studies are of three city regions: Birmingham (UK), Göteborg (SWE) and Trentino (IT).
The project’s starting points were the controversial and separate dynamics of built and
natural growth that affect European territories and lead to the generation of fragmented
climate policies and the fragmented management of the cities and the adjacent landscapes.
The goal was to identify innovative ways to manage the peri-urban environments and
reconnect the urban and rural settings [7]. To deal with these challenges, the Rural–Urban
Metabolism (RUM) has been developed as a territory’s reading tool and a holistic and
interdisciplinary approach to support innovative and sustainable territorial development.
The term “Rural”, which is prefixed to the well-known concept of Urban Metabolism,
underlines the need for a reconnection between the rural and urban landscapes. This
remarks that the relationship between the urban and rural areas are negatively affected
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by landscape fragmentation and the weaknesses of the governance models. However, the
aim is to bring together the resilience strategies against climate change by reconnecting
the urban and rural landscapes in a multi-functional and multi-level territorial system.
Consequently, the mapping of the macrosystems that influence the territory’s development,
including its sustainability, is the main aim of it.

The territory under which the RUM has been tested is mainly mountainous, and it
is crossed by the Adige valley where Trento is located, which is the local capital. About
540,000 inhabitants live in Trentino, and a fifth of them live in Trento. The territory is
mainly covered by forests (61%) and agricultural areas (34%). More than 50% of Trento’s
Province surface area is covered by forests, while about 20% of it is for agricultural use. The
residential areas cover about 7% of the surface, and the roads and infrastructure occupy 3%
of Trento’s territory [23]. The Adige River, which flows through Trento from north to south,
and the Fersina stream, which flows through the city from east to southwest, are its two
main waterways. The city of Trento has experienced a significant urban expansion north-
ward and toward the hillside hamlets of Cognola, Povo, and Villazzano in recent decades.
Trento is a tertiary centre with significant industrial activity in Trento Nord’s periphery
and significant intensive agricultural activity in Trento Sud’s rural areas, particularly in
the production of apples and grapes [24]. Based on this background, the new pilot areas
are being implemented in the framework of the EIT Food-KIC project “HelpFood 4.0” in
order to evaluate the CO2 emissions calculation of the productive agricultural lands, the
CO2 absorption diversification of the natural elements (not only trees), the urban–rural
reconnection and the biodiversity enhancement.

3. Materials and Methods
3.1. Methodology

Urban Metabolism studies are mainly based on two approaches. The first one is based
on energy equivalence, according to Odum (1983) [25], and the second one is based on the
flow of material resources [26–28]. Urban metabolism research has also been linked to urban
sustainability indicators, urban greenhouse gas emissions, Urban Metabolism mathematical
models and policy analysis, and sustainable urban form design and landscape planning [10,22].
The approach to Rural–Urban Metabolism is mainly based on the second one. The Material
Flow Analysis represents, in fact, a crucial evaluation technique for assessing the material
exchange between human activity and the environment by various authors [29] as it is
usually based on an interdisciplinary approach considering the ecological, social, and
territorial planning disciplines and perspectives. Additionally, the Material Flow Analysis
offers useful information about the distribution of the goods in a region. These details
serve as the foundation for the Ecological Footprint computation, and by extension, for an
understanding of the environmental constraints that these fluxes have on the ecosystems on
land and in water [30–32]. This challenge is linked to both the first “Metabolism” concept
that is adopted to the city—which was defined by Karl Marx—and its latest theoretic
developments, which are often concentrated in the material and energy flows analyses [11].
Commonly, the Urban Metabolism (UM) tool analyzes the fluxes of the materials and
energy that crosses the cities and territories [33]. In the Rural–Urban Metabolism tool,
the infrastructural, food, and green systems dynamics are mapped for their roles as the
elements of reconnection in the urban–rural strategies. Rural–Urban Metabolism has been
thought to support the mapping of the different dimensions of sustainability, including the
social ones.

The method practically consists of interlinked steps (Figure 1):

1. Data collection and management to support the strategic territorial/urban plans;
2. Data assessment to critically evaluate the existing context;
3. Data mapping to visualize the data and territorial dynamics;
4. Definition of the strategic and integrated development plan and actions.
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The active participation of local stakeholders is fundamental to achieving the objectives
of creating strategic visions and plans. The stakeholders are first mapped, and then, they
are analyzed. The Visual Toolbox for System Innovation by Climate-KIC [34] can be used
in this stage. This step is strictly connected with the ‘Visioning’ tool, and it is used as
an instrument to validate, guide, and support the strategic decisions towards sustainable
territory development.

To estimate the inhabitants’ impact on the environment, their Carbon Footprint (CF)
has been calculated as an indicator of the overall Ecological Footprint since the carbon-
related cycle represents the biggest impact on the ecological footprint [35–37]. The assess-
ment of the Ecological Footprint follows a consumption approach that accounts for the
amount of resource use that is required to satisfy the consumption of the inhabitants and
the corresponding pollution emissions.

The calculation of the inhabitants’ Carbon Footprint is fundamental to identifying
the part which have the main impacts on the analyzed territory that will be subsequently
mapped to visualize those areas in which action is most needed to implement more sustain-
able processes. The calculation of biocapacity and the ecological footprint of the territory
shows the ecological balance (or unbalance) of the territory, while the qualitative inter-
views shed light on the economic and social sustainability of certain modes of production
and consumption. The Ecological Footprint Analysis (EFA) quantifies and evaluates the
Environmental Carrying Capacity (ECC), and it is based on the Material Flow Analysis
(MFA) [38]. The EFA estimates the number of natural resources that are required by a
city (or a region) for it to function. The Biocapacity (BC) analysis defines the capacity of a
territory to renew the resources that are consumed by the people and the processes and its
ability to assimilate the waste. By comparing the EFA and the BC of a certain region, it is
possible to determine whether the territory is a debtor or a producer of the natural resources.
When the Ecological Footprint (EF) is greater than the Biocapacity (BC) is, then the territory
is defined as a ‘biocapacity debtor’, thereby indicating that the territory’s consumption of
the natural resources and services is greater than the capacity of its ecosystems to supply
them [39,40]. On the contrary, when the Ecological Footprint is less than the Biocapacity is,
the territory is called a “biocapacity reserve,” meaning that the territory’s availability to
generate natural resources and services is greater than the residents’ demand is [39,40].

According to Świąder [36], the CF of the household consumption has been assumed as
being composed of CF of Food (Food Consumption and Food Waste); the CF is composed
of Housing (Sewage, Water, Garbage, Electricity, and Gas); the CF is composed of Mobility
(Public and Private Transports); while the CF is composed of goods and services [36]
(Figure 2). These categories have been chosen according to Tukker [41] by considering that
food and drink, transport, and housing account for 70–80% of the entire lifecycle impact of
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the products and Froemelt et al. [42], who calculated that the households’ consumption is
responsible for “65% of global greenhouse gas emissions and 50–80% of total land, material,
and water use”. Therefore, the estimated categories can be considered to be good indicators
of the total emission amount. The data sources are reported in Appendix A.
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The second indicator that has been calculated has been the Biocapacity (BC), which is
the capacity of a territory to produce the natural resources. The biocapacity of the Trentino
region has been calculated following Świąder [36] by multiplying the physical area by
the appropriated Yeld Factor and Equivalence Factor, thereby aiming to obtain the most
ecologically productive land uses. To estimate the BC value, it is necessary to divide the
territory into homogenous areas that correspond to cropland, forests, or the forest products,
grazing land, fishing grounds, built-up land, and the carbon footprint. The remaining
areas can be grouped into Non-productive areas. The Global Footprint Network gives a
definition for each land use [43].

The Biocapacity has been calculated by multiplying the physical area by the appro-
priated Yield Factor and Equivalence Factor, thereby aiming to obtain the ecologically
productive land uses [36]. The territory has been divided into homogenous areas that
correspond to cropland, forests, or forest products, grazing land, fishing grounds, built-up
land, and the carbon footprint. The remaining areas can be grouped as Non-productive
areas according to Monfreda [43]. This territory’s classification is based on local land use
maps or the Corine Land Cover Map. Finally, the biocapacity value has been divided by
the number of inhabitants to obtain the per capita biocapacity index.

3.2. Data

The method involved the collection of quantitative, qualitative, and cartographic
data. Numerical and cartographic data are fundamental to estimate the resources that
are consumed by the inhabitants, and thus, to calculate their ecological footprint on the
territory. On the other hand, qualitative data are useful for a deeper knowledge of the
territory and for identifying which aspects that it is a priority to act on and with which
approach to balance the resources that are used with the resources that are produced by the
territory. Finally, maps are the basis for spatializing the resource flows in the territory and
for calculating the biocapacity.

According to Świąder [36], a hybrid methodology combining the Top-Down and
Bottom-Up data-gathering methods was used to quantify the consumption of the residents.
This makes it possible to collect the data with a high degree of precision, while also having
a decent chance of comparing the findings to those of the other case studies. The Top-Down
methodologies, which use national or regional data to provide aggregate conclusions, are
highly standardized techniques that allow for easy comparisons to be made (NUTS3 level).
The primary drawback of these approaches is that they occasionally fail to accurately
capture the local circumstances. However, because they are more distinctive to the local
circumstance, the Bottom-Up techniques are less similar and more representational of the
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setting. The evaluation of the ecological footprint uses a consumption-based methodology
that takes into consideration the resources that are needed to meet the human consumption
needs as well as the resulting pollutant emissions. Following Świąder [36], the number of
resources that are needed is determined using both the Top-Down and Bottom-Up methods,
and in certain situations, a hybrid method combines the two. The Top-Down technique
uses regional or national data to provide the aggregate values (which correspond to the
NUTS3 level). In the second stage of the RUM methodology, these data are scaled at the
urban level. This highly uniform approach guarantees that the findings can be compared
to those from other cities or areas. As the statistics are gathered at the national level, the
Top-Down method occasionally does not accurately represent the local situation.

Contrarily, the Bottom-Up strategy makes use of the local data by involving the local
stakeholders directly and utilizing the information that is supplied by them as well as by
the surveys. It more accurately represents the local circumstances, but since it is so closely
tied to the setting, its outcomes are scarcely transferable to other regions. A Material Flow
Analysis forms the foundation of the accounting approach, which then adapts the steps to
the unique requirements of an Ecological Footprint Analysis. A “systematic assessment
of flows and stocks of materials within a system specified in location and time” is the
manner by which Brunner and Rechberger described the MFA [38]. It is based on the first
law of thermodynamics, which states that matter cannot be generated or destroyed. As a
result, the sum of the material and energy imports and the locally produced goods which
are consumed locally, which result in there being fewer exports, determines the overall
quantity of the resources.

The qualitative data were collected during meetings with the local stakeholders and
during workshops that were organized during the “SATURN” project. From the dialogue
with the technicians, experts, and administrators, it was possible to identify the main criti-
calities and the opportunities that were offered to develop projects to make the territories
that are concerned increasingly circular and more sustainable.

The cartographic data were collected from local databases—which are available on
the geo-cartographic portal of the Province of Trento; the national data—these are mainly
available on the website of the Italian Institute of Statistics; while the European data—these
were used for the Corine Land Cover land use mapping (https://land.copernicus.eu/pan-
european/corine-land-cover, accessed on 5 September 2022). The following table (Table 1)
shows the Corine land use categories that were present in the Autonomous Province of
Trento and their reclassification according to [43].

Table 1. Land use reclassification in the SATURN project’s areas, 2021. Elaborated from Corine Land
Cover (2018) by the authors.

Identification Corine Land Use Category Reclassification

1.1.1 Continuous urban fabric Infrastructure
1.1.2 Discontinuous urban fabric Infrastructure
1.2.1 Industrial or commercial units Infrastructure
1.2.2 Road and rail networks and associated land Infrastructure
1.2.4 Airports Infrastructure
1.3.1 Mineral extraction sites Unproductive
1.3.2 Dump sites Unproductive
1.4.2 Sport and leisure facilities Grazing lands
2.1.1 Non-irrigated arable land Cropland
2.2.1 Vineyards Cropland
2.2.2 Fruit trees and berry plantations Cropland
2.3.1 Pastures Grazing
2.4.1 Annual crops associated with permanent crops Cropland
2.4.2 Complex cultivation patterns Cropland

2.4.3 Land principally occupied by agriculture, with
significant areas of natural vegetation Cropland

https://land.copernicus.eu/pan-european/corine-land-cover
https://land.copernicus.eu/pan-european/corine-land-cover
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Table 1. Cont.

Identification Corine Land Use Category Reclassification

3.1.1 Broad-leaved forest Forest
3.1.2 Coniferous forest Forest
3.1.3 Mixed forest Forest
3.2.1 Natural grasslands Grazing
3.2.2 Moors and heathland Grazing
3.2.4 Transitional woodland-shrub Forest
3.3.1 Beaches, dunes, sands Infrastructure
3.3.2 Bare rocks Unproductive
3.3.3 Sparsely vegetated areas Unproductive
3.3.5 Glaciers and perpetual snow Unproductive
4.1.1 Inland marshes Grazing
4.1.2 Peat bogs Grazing
5.1.1 Water courses Inland fishing ground
5.1.2 Water bodies Inland fishing ground

3.3. Objective

The final objective was to develop a comprehensive and flexible tool to guide decision-
makers and policymakers in the implementation of multi-functional landscapes. The
RUM’s purpose is to improve system thinking and the circularity of the policies to trans-
form the current linear approach to planning into a more circular vision. This is a challenge
whose aim is the “transition from a linear perspective to a networked and cyclical per-
spective, in which wastes become new inputs, reducing dependence on the hinterland
for resources” [33]. The conception of the research moved from the observation that the
current western lifestyles are no longer sustainable and have significant impacts on the
environment. Therefore, having a clear understanding of the balances, or imbalances, be-
tween the resource consumption and the capacity of a territory to regenerate them should
be the starting point for the territorial strategies, policies, and plans. The Rural–Urban
Metabolism is, thus, considered a tool to explore the territory’s dynamics and develop
strategic scenarios and plans for a more sustainable future. Moreover, the RUM can be
used as an instrument to investigate the relationship between the urban and rural areas and
imagine the increasing connections from an ecological and social perspective. To achieve
this goal, it is necessary to work at the beginning in a deeper analysis of the territory, and
then, on the governance level in accordance with the public administrations and local stake-
holders. The RUM supports innovative landscape management through the combination of
scientific, quantitative, and analytical approaches with qualitative participatory processes.
It can be used to build a shared territorial vision through a set of visioning workshops
together with the local stakeholders. Because the RUM is meant to be a tool that can also be
used by non-experts, and in context, the approaches that are replicable and scalable have
been preferred.

4. Results

As mentioned before, the Trentino Province, an Italian Alpine Region that is located in
Northeast Italy, represents the case study in which the Rural–Urban Metabolism tool has
been tested.

An analysis of the Carbon Footprint of the inhabitants of the Province of Trento shows
that the categories “Transport”, “Services and Goods” and “Food” have the greatest impact
in terms of their CO2 equivalent production. Each category has also been investigated
from a spatial point of view to visualize the Ecological Footprint as well as to support
the policymakers in driving the ecological-based territorial transformation. Indeed, the
visualization of the main territorial systems can be useful to visualize and analyze the
interconnections between the natural, built, and social systems. There are four layers which
have been explored: the green and blue systems; the mobility systems; the touristic systems;
the food system.
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Transport accounts for 61% of the emissions that are produced, which is equivalent to
about 1.53 tCO2eq per citizen. The data were calculated from the average kilometers that
were traveled by Italians with private cars, and these were broken down by the category
of cars that were registered in Italy (petrol, diesel, hybrid, and electric). The data on
the kilometers that were traveled by local public transport were taken from the publicly
available local datasets. When comparing the kilometers that were traveled by the private
versus the public means of transport, it turns out to be much higher for the former, thereby
significantly influencing the total emission output.

A map of the mobility system can be useful to understand the flux of the human
activities in the analyzed region. The mobility system can be divided into public and
private transport. The heatmap of the bus stops represents the accessibility of the public
transport system. Private transport is divided into slow and fast mobility to highlight the
different ways of moving into and outside of the territory. It was decided to include the
touristic system into the mobility system map to show the flows of the people and resources
and their distribution over the territory as this is one of the main economic sectors of the
region. If it is connected with the transport map, it is possible to visualize the possibilities
of the movement of tourists in the area and thus, deduce their way of moving around and
accessing the sites of interest. In the mountain areas, it is particularly interesting to map the
ski lifts and ski areas. In Figure 3, we report the layers of the anthropic landscapes map.
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Figure 3. Map representing the anthropic systems of the Trentino Hub. Authors’ elaboration in the
framework of the EIT Climate-KIC SATURN project, 2021.

The category “Services and Goods” includes the calculation of the housing facilities.
The data were obtained from the data about the local electricity, water, sewerage and
gas utilities and from an estimate of the average consumption of the inhabitants in terms
of them purchasing goods and services. This category was found to be responsible for
approximately 29% of emissions, which is equivalent to 0.73 tCO2eq.



Sustainability 2022, 14, 13964 10 of 16

The third category, in terms of its impact, is related to food consumption and waste,
which accounts for 9.3% of the total emissions, or 0.23 tCO2eq. The data on the average
amount of food consumption comes from research that was carried out by the Italian CREA
Institute on the regions of north-eastern Italy, and they are weighted according to the
percentage of the female and male population. The high consumption of animal products,
such as meat and dairy products, is the cause of the emissions. The food system map
shows the heatmap of food sales and distribution points and the food-productive areas. In
this way, it is possible to visualize the food accessibility of the studied region and relate
it to other systems, such as the mobility and settlement systems. The addition of specific
layers, such as the presence of the organically cultivated areas and a variety of products,
makes it possible to observe the levels of support for the biodiversity that is provided by
the local agricultural areas. Some areas could hide some critical features from a sustainable
point of view: the so-called ”dark side of the green side”. For instance, the crops that
are treated with chemicals, pesticides, and fertilizers could have a negative impact on the
environment. Therefore, a hierarchy of the green areas based on the sustainability of the
different cultivation or management methods could be discussed and proposed. In Figure 4,
we report the layers of the food landscapes map.
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Figure 4. Map representing the food system of the Trentino Hub. Authors’ elaboration in the
framework of the EIT Climate-KIC SATURN project, 2021.

The carbon footprint of Trentino’s inhabitants turns out to be 2.55 tCO2eq, which when
rendered in terms of global hectares (gha) for it to be compared with the biocapacity, which
equals 2.72 gha. The map in Figure 5 shows the average biocapacity of the Trento case
studies according to the different land use classification.
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Figure 5. Map representing the biocapacity of the Trentino Hub. Authors’ elaboration in the frame-
work of the EIT Climate-KIC SATURN project, 2021.

To deepen of the biocapacity analysis, the green and blue systems were elaborated.
This map represents the forests, pastures, crops, and urban green areas as parks and gardens.
The green systems’ map could be the basis for the analysis of the ecological corridors. A
further step that we took was the evaluation of the diverse green systems. The following
layers, which were downloaded from the open data catalogues, were added to the map of
the Green and Blue system (Figure 6).
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As mentioned before, the Rural–Urban Metabolism is a territory’s reading tool that
aims to analyze the cities and their surroundings from a socio-ecological perspective.

Its final aim is to support the transition of the territorial plans—including both of the
urban and rural areas—toward a circular and sustainable future. Therefore, the final step
of the RUM process is a report that summarizes, visualizes, and envisions the analysis into
the strategic scenarios (Figure 7) that are to be delivered to the local administrations for
their further development activities and plans.
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Figure 7. Results of the internal visioning workshop. Authors’ elaboration in the framework of the
EIT Climate-KIC SATURN project, 2021.

To increase the integration of the RUM into the administrative actions, the involvement
of a wide range of local stakeholders is needed. The representatives of local associations
and NGOs, politicians, public administrators, and representatives of the private sectors
can be included in this. The creation of a strong network of actors can support and deepen
the analysis of the territory, and this can help to define new possible elements and areas
of socio-ecological connectivity. Moreover, a multi-disciplinary and multi-stakeholder
approach could be the driver for a better integration of the different perspectives, needs,
and opportunities into the final visioning strategic plan and further, promote better relations
between the different sectors of public administrations.
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In the framework of the SATURN project, the experimental design projects have been
developed as testbeds for experimentations at the DICAM-University of Trento through
Master’s and Bachelor’s Degree theses, PhD research, and an explorative design in the
Landscape Architectural Course, with a final production of 13 Master’s and Bachelor’s
theses, two PhD research, and four design experimentations in these courses.

5. Discussion and Final Consideration

The RUM methodological approach has been developed in the Trentino Hub, but it
has been designed to be replicable and scalable for other territories to increase the potential
for the developed methodology in order for it to be used and for the process to become a
part of the planning procedures. To facilitate the replicability of the method by professionals,
technical officers, or local administrators, who may not be experts in the Urban Metabolism
field, it has been deemed necessary to simplify the model in comparison to other Urban
Metabolism examples. This adaptation has led to a decrease in the calculation precision, but
as this is not the main aim of the RUM tool, it has been considered to be a necessary change.

The results deriving from different cities and regions could be compared to deepen
the understanding of the territorial dynamics. To simplify and speed up the process,
the implementation of a GIS plugin is under development. Considering that, at this
stage of development, the RUM tool is still a rather long process from a data collection
perspective, the automatization of the data elaboration phase could simplify and accelerate
the workflow. In particular, the plugin will be related to the ‘Ecological Footprint Analysis’
and the ‘Biocapacity Analysis’, and it will compare the two to determine if the territory
could be considered to be a natural reserve or a biocapacity debtor. The plugin could also
offer the opportunity to change some territorial features and variables virtually quickly
in order to imagine and test different scenarios and compare them, as well as to compare
different territories using a common input data set.

Starting from the results that emerged from the calculation of the carbon footprint and
the biocapacity and from the mapping of the impacts that they had, through a participatory
planning process together with the main local actors, sustainability plans, and strategies
have been drawn up. By implementing the EFA and the BC into spatial management, it is
possible to improve the planning of long-term natural resource consumption, provision, and
regeneration. The Ecological Footprint Analysis, which was compared with the territory’s
biocapacity, allows the understanding of the relationship between the natural resource
supply and demand. Moreover, it could be a tool that is used to develop the connection
between the urban and rural landscapes when it is accompanied by strategic visions
and plans to promote the green areas as fundamental resources for the environment and
for social well-being. The RUM has appeared to be relevant to policymakers because it
divides the complex functioning of the landscape systems into subsystems in order to
count the (un)sustainability of each flow. By doing so, it shows the relationship between
the subsystems and helps to identify the drivers of the resources’ uses and the pollution
emissions, i.e., the impacts of the energy and materials flow on the environment. In doing
so, the acquisition of both of the quantitative and qualitative data through a participatory
approach has been fundamental to identify the key elements of resource consumption
with the help of the stakeholders. This process of the local actors’ involvement has been
important also to create interest in the approach and to collect different perspectives
toward the design of a masterplan and a list of priorities’ actions for the future territorial
development with a more sustainable and circular relationship between the urban and
rural areas.
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Appendix A

In this section will be provided data sources utilized for the calculation of the inhabitants’
carbon footprint. All the reported data websites were last accessed on 5 September 2022.

Categories Data Sources

General information

https://www.sciencedirect.com/science/article/abs/pii/S147
0160X15005269
https://www.sciencedirect.com/science/article/pii/S1462901
119312869
https://data.world/footprint
https://www.istat.it/it/dati-analisi-e-prodotti/contenuti-
interattivi/popolazione-residente

Food

https://www.crea.gov.it/web/alimenti-e-nutrizione/-/
indagine-sui-consumi-alimentari
https://publications.jrc.ec.europa.eu/repository/handle/JRC96121
https://comune-info.net/wp-content/uploads/Giulio-Vulcano-
Spreco-alimentare-Abstract-Comune-info.pdf
https://www.ecircular.it/wp-content/uploads/2020/10/
RAPPORTOSPRECOALIMENTARE_279_2018.pdf
https://www.sciencedirect.com/science/article/pii/S0959652
618328233

https://www.dicam.unitn.it/1745/progetto-helpfood-40
https://www.sciencedirect.com/science/article/abs/pii/S1470160X15005269
https://www.sciencedirect.com/science/article/abs/pii/S1470160X15005269
https://www.sciencedirect.com/science/article/pii/S1462901119312869
https://www.sciencedirect.com/science/article/pii/S1462901119312869
https://data.world/footprint
https://www.istat.it/it/dati-analisi-e-prodotti/contenuti-interattivi/popolazione-residente
https://www.istat.it/it/dati-analisi-e-prodotti/contenuti-interattivi/popolazione-residente
https://www.crea.gov.it/web/alimenti-e-nutrizione/-/indagine-sui-consumi-alimentari
https://www.crea.gov.it/web/alimenti-e-nutrizione/-/indagine-sui-consumi-alimentari
https://publications.jrc.ec.europa.eu/repository/handle/JRC96121
https://comune-info.net/wp-content/uploads/Giulio-Vulcano-Spreco-alimentare-Abstract-Comune-info.pdf
https://comune-info.net/wp-content/uploads/Giulio-Vulcano-Spreco-alimentare-Abstract-Comune-info.pdf
https://www.ecircular.it/wp-content/uploads/2020/10/RAPPORTOSPRECOALIMENTARE_279_2018.pdf
https://www.ecircular.it/wp-content/uploads/2020/10/RAPPORTOSPRECOALIMENTARE_279_2018.pdf
https://www.sciencedirect.com/science/article/pii/S0959652618328233
https://www.sciencedirect.com/science/article/pii/S0959652618328233
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Categories Data Sources

Housing

https://www.recyclingweb.it/Articles/tecnologie/carbon-
footprint-della-gestione-delle-acque-reflue-come-risorsa-nelle-aree-
metropolitane.htm
http://kilowattene.enea.it/KiloWattene-CO2-energia-primaria.html
https://www.certifico.com/component/attachments/download/12818
https://www.sciencedirect.com/science/article/pii/S0959652618328233
https://www.siciliacquespa.it/FileUpload/FCKFiles/file/Carbon%
20Footprint/2011__CFSiciliacque.pdf
http://kilowattene.enea.it/KiloWattene-CO2-energia-primaria.html
https://www.certifico.com/component/attachments/download/12818
http://www.statweb.provincia.tn.it/annuario/(S(r0dbpg45e2did2
jxbflwut45))/grafico.aspx?idg=12.2
https://www.terna.it/it/sistema-elettrico/statistiche/
pubblicazioni-statistiche#:~:
text=Dati%20statistici%202021&text=Il%20fabbisogno%20di%20
energia%20elettrica,%2C9%25%20rispetto%20al%202020.
http://kilowattene.enea.it/KiloWattene-CO2-energia-primaria.html
https://www.certifico.com/component/attachments/download/12818
https://www.snam.it/it/trasporto/adempimenti-reporting-
autorita/PCS_Convenzionale/
https://www.certifico.com/component/attachments/download/12818
http://www.statweb.provincia.tn.it/annuario/(S(dkgbjb3
4ztcyblzico4cke45))/tavola.aspx?idt=14.04
https://www.emerald.com/insight/content/doi/10.1108/97817863
59513-013/full/html

Mobility

https://www.anfia.it/it/dati-statistici/immatricolazioni-italia
https://www.aci.it/laci/studi-e-ricerche/dati-e-statistiche/open-
data.html
https://www.umweltbundesamt.de/sites/default/files/medien/
1968/publikationen/co2_emission_factors_for_fossil_fuels_
correction.pdf
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