atmosphere

A

Article

Spatial analysis of GHG Balances and Climate Change
Mitigation in Rural Areas: The Case of Emilia-Romagna Region

Katia Federico *, Alberto Bonora !, Gianmarco Di Giustino 12, Matelda Reho 12 and Giulia Lucertini 12

Citation: Federico, K.; Bonora, A.; Di
Giustino, G.; Reho, M.; Lucertini, G.
Spatial analysis of GHG Balances
and Climate Change Mitigation in
Rural Areas: The Case of Emilia—
Romagna Region. Atmosphere 2022,
13, 2060. https://doi.org/10.3390/
atmos13122060

Academic Editor: Kai-Jen Chuang

Received: 16 November 2022
Accepted: 7 December 2022
Published: 8 December 2022

Publisher’'s Note: MDPI stays
neutral with regard to jurisdictional
claims in published maps and

institutional affiliations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(https://creativecommons.org/license

s/by/4.0/).

license

1 Departments of Architecture and Arts, Planning and Climate Change Lab, Universita Iuav di Venezia,
S. Croce 1957, 30135 Venice, Italy

2 EPIC—Feeme@luav, Fondazione Eni Enrico Mattei, Palazzo delle Stelline, Corso Magenta 63,

20123 Milan, Italy

Correspondence: kfederico@iuav.it

Abstract: This paper aims to analyse the issue of mitigation and the balance of greenhouse gases in
the rural contexts of the Emilia-Romagna region (Italy) due to climate change. The approach is
based on the experimentation of a methodology, populated by available spatial databases and
refined with a series of technical meetings, where it was possible to weigh availability and
alternative choices within the identified assessment model. The objective of the research is to create
a regional GHG balance map, in order to classify the territory for this specific dynamic. The aim of
this approach is supporting policy decisions related to the Common Agricultural Policy at a
regional level.
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1. Introduction

Climate change and the consequent warming of average temperatures could, in the
near future, have a negative impact both on food production and thus on food security
itself [1], as well as on rural territories and landscapes [2]. Rising temperatures and
extreme events directly impact crops through drought or too intense and concentrated
rainfall, but also indirectly by increasing the presence of pathogens and pests, ultimately
leading to a change in farm management. Furthermore, agriculture and farming
practices, typical of rural areas, are recognised as very relevant factors in the emission of
greenhouse gases (GHGs), and therefore, a direct cause of climate change itself.
Considering this situation, it becomes fundamental that rural territories act on a double
front: mitigation (a), through the reduction of the CO: produced and the consequent
storage and sequestration connected to agricultural practices, and adaptation (b), related
to the effects of climate change in relation to flooding [3].

The objective of the research is to create a regional map of the GHG budget in order
to classify the rural context; thus, the output could be useful both for the relationship
with spatial planning choices, and for place-based actions in agricultural policies that are
adopted at a regional level in Italy.

Given the trend, which is now irreversible in the short term, it is necessary to
implement tools able to preserve certain rural areas and the resulting landscapes. Rural
territories through agricultural practices find themselves both a source and an affected
subject of climate change.

The European Union has ambitious emission reduction targets to reach the Paris
Agreement, with a reduction of at least 40% of GHGs by 2030. This target was further
increased from 50% to 55% as part of the Green Deal programme [4], which aims for
carbon neutrality by 2050. In this context, the area of land use, land-use change and
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forestry (LULUCF) was formally included in the Effort Sharing Regulation (ETS) for the
period 2021-2030 [5], with a binding commitment that emissions from land use are fully
offset by equivalent CO: removal (the so-called ‘no-debt’ rule). Therefore, it becomes
very relevant for territories to understand their potential to absorb and store CO2 and this
can be done through assessment and mapping, especially to support land use decisions
and policies.

In this case, rural and agricultural territories are given priority, although
cross-sectional studies on the subject are very limited and are generally based on land
cover assessment [6,7]. For example, there are many agro-culture-specific studies; in fact,
several pieces of research have suggested the preferential mitigation benefits of the
albedo management of cropland through practices such as no-tillage or crop
bio-geoengineering [8]. Others study and suggest the different uptake through the
insertion of trees in cultivated land [9]; other work studies the uptake of orchards, olive
groves, vineyards [10], or of wheat, sunflower, etc. [11]. Restoring degraded ecosystems
and creating new ones is essential to improve the provision of ecosystem services at the
landscape level [12], also providing healthy habitats for biodiversity and improving
connectivity between natural areas in urban and rural landscapes across Europe [13]. In
this sense, there is growing evidence that interventions, which address the way land is
used, are both effective and necessary for climate mitigation and adaptation. The IPCC
[14] has highlighted that all scenarios aimed at limiting climate change must rely on tools
that act on changing land use, reducing sources of GHGs through ecosystem
management and sustainable agricultural practices. All of these actions involving rural
and agricultural land have been estimated to have the potential to provide about 30% of
the CO: mitigation needed until 2030 to keep warming below 2 °C [15,16]. Climate
mitigation, i.e., the reduction of climate-altering gases in the atmosphere, can be achieved
either through actions to reduce emissions or through carbon sink sequestration, so as to
stabilise their concentration in the atmosphere around values that will keep the
temperature increase within ‘sustainable’ limits for societies. In the specific theme of
climate change, the concept of “mitigation” can be defined as: a human intervention to
reduce the sources or enhance the storage elements of GHGs, but also consider
interventions to reduce the sources of other substances that have a direct or indirect effect
on climate and climate change [17,18].

In this context, Nature-based Solutions (NbS) are sometimes considered, i.e., those
measures that conserve, restore or enhance ‘forests, wetlands, grasslands and
agricultural land” in order to: reduce CO2 emissions or remove CO: from the atmosphere,
but also to limit the impacts of extreme events (water and heat) through specific
measures such as reforestation, forest conservation and management, agro-forestry,
cropland nutrient management, conservation agriculture, coastal wetland restoration
and peatland conservation and restoration [19,20]. In other words, these measures have
the capacity to support or enhance carbon storage and sequestration. Across Europe,
numerous agricultural and livestock production systems use these types of solutions. The
key principle on which they are based is ecologically based diversification, as it reduces
vulnerability, while at the same time it can increase productivity. Examples of good
practices are: integrated crop-livestock systems, soil organic matter management, mixed
cropping, crop rotations, biological pest control and agroforestry. Climate disaster
resilience is closely related to farms with higher levels of biodiversity [21]; one of the
main limitations found in the application of these actions is the identification of the areas
that need priority intervention [22], such as those ones identified as vulnerable or subject
to risk. In this regard, there are numerous studies that attempt to analyse the territory by
identifying and mapping vulnerabilities and risks due to climate change [23,24].
However, the experiments have almost all been carried out in urban contexts where
permeable and non-permeable surfaces are identified, and where the risk is given by the
presence of man and his infrastructures [25]. On the other hand, the cases of assessments
and mapping related to rural areas, agricultural areas and their landscape are very
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limited. The scientific literature in this sense is mainly focused on specific studies about
agricultural crops, suggesting solutions and tools aimed not so much at land
management and planning but rather at agronomic scale [26,27]. For this reason, a study
like this, based on specific research funded by the Emilia-Romagna region on rural
territories, represents a new approach to climate issues related to agriculture on a
territorial scale. The research developed was built on the already existing data and
information of the Emilia—Romagna region, including the output of previous projects.

2. Materials and Methods

About the European and global mitigation objectives, actions that conserve or
improve carbon stocks have been much studied and implemented in recent years.
Indeed, although the value of such actions has long been recognised within the climate
science community, as successive IPCC reports and the Paris Agreement have shown, the
growing momentum behind the need to achieve ‘zero’ emissions has brought a new
urgency to exploring their potential, especially since the 2019 UN Climate Action
Summit. In fact, while in the past a focus was on managing land use and land use change
in the Global South, in order to mitigate climate change, nowadays a strong focus on
agricultural soil as a carbon sink element is also necessary in more developed regions. A
critical factor shaping carbon storage potential is the nature and organic component of
the soil, particularly organic carbon, and the extent to which organic matter is added to
the soil over time. Good soil management, through the use of agronomic practices geared
towards carbon sequestration, such as the use of cover crops or zero tillage, is thought in
the literature to bring long-term climate mitigation benefits, as soils can effectively
sequester carbon, keeping it out of the atmosphere [28,29]. Currently, soil management in
rural areas, due to current agricultural systems, is not proving effective in this regard;
studies suggest that there is significant loss of soil organic carbon in several regions,
especially in areas such as the Po Valley [30], so that European soils in agricultural areas
are likely to be contributors to rather than absorbers of atmospheric carbon [31].

An estimated 86% of European agricultural areas have soil organic carbon losses
caused by erosion due to the use of traditional, non-conservative tillage techniques [32-
34], with greater losses in intensive systems than in those with lower levels of intensity
[35]. Studies suggest that soil organic carbon loss varies within different farming systems,
both due to the specificities of topology and climate, and according to land management
practices [36].

The selected case study is the Emilia-Romagna region, in the centre-north of Italy,
which covers an area of 22,510 km? and has a population of 4.4 million inhabitants [37].
The climate is temperate sub-continental, with hot and humid summers and cold and
frosty winters, tending to sublittoral only along the coastal strip [38]. According to the
Corine land cover 2020 dataset elaborated by the Emilia-Romagna region with
Copernicus data [39], the area is covered for 35.75% by artificial surfaces, for 30.05% by
agricultural areas, for 0.91% by forests and semi-natural areas and for 33.29% by water
bodies without considering the lagoon (Figure 1).

In the last year, in the Italian context, there has been a strong process of urbanisation
that has led the Emilia-Romagna region to suffer a strong loss of potential agricultural
land (8.93%) [40]. Considering the limited experimentation of the assessment and
mapping of mitigation related to climate change effects, for this specific study, an ad hoc
methodology was developed and tested, based on the general methodology proposed by
the IPCC [41].
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Figure 1. Study area map.

2.1. Mapping Approach

The aim of this study is to test a methodological model for the assessment of GHG
balance focused on rural and agricultural land, wuseful for mitigation
studies/interventions. As can be deduced from the scheme in Figure 2, agriculture and,
more generally, land use are both a source of CO: emission and absorption, so the
assessment and related mapping of mitigation capacity will have to consider both
positive and negative variables and determinants.

l )

EMISSIONS PROCESSES

behaviors
CLIMATE AGRICOLTURE
CHANGE AND LAND USE focktolozs

ABSORPTION governance

T MITIGATION | «

Figure 2. Methodology for assessing the GHG balance. From this figure it can be deduced that
agriculture and more generally land use are sources of both CO2 emission and absorption. Where
there is absorption, mitigation occurs, while where there is emission, there is an impact that can be
mitigated through specific processes.

The assessment of the climate—gas balance cannot be summarised through a
number, but must be interpreted by interpolating different information references. The
more spatial data available, the greater the considerations regarding the degree of
mitigation capacity of the territory. Here too, mapping plays a central role in identifying
the priority areas for intervention and the most efficient measures with respect to the
analysed territory (where and how).
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The geospatial assessment of mitigation was based on regional geodatabases from
which layers were selected to meet the objectives of the paper. Following the mitigation
equation (3), the selected layers were divided into two main categories, as shown in Table
1: emissions and absorption capacity. In the first category, there is (i) INEMAR
(INventario EMissioni ARia) emissions and in the second one there are: (ii) agricultural
crops and potential carbon sequestration; (iii) agronomic practices; (iv) presence of
hedgerows and rows; and (v) potential carbon sequestration (ES-CST).

Table 1. Information layers and related elements identified.

Main Factors Layers Description Source *
. . INEMAR emissions related to the Emilia—-Romagna
Emissions (i) . ) .
agriculture and livestock sector Regional Geoportal
(if) Agricultural crops and AGREA, Emilia-Romagna
potential carbon sequestration Region
. . . Emilia—-Romagna
(iii) Agronomic practices .
Absorption Regional Geoportal
P . AGREA, Emilia—Romagna
(iv) Presence of hedges and rows .
Region
W) Potential carbon sequestration Emilia-Romagna
(ES-CST) Regional Geoportal

* Link to the data source available in the “Data Availability Statement” section.

The used approach regarding the construction of the cognitive framework and the
mapping includes two phases, as illustrated in Figure 3:
1. Assessment and mapping of GHG emissions.
2. Assessment and mapping of GHG absorption.

These steps were developed using different spatial criteria to quantify different
properties.

INEMAR emissions + Agricu]lural crops and potential carbon sequestration
(Agriculture and Livestock sector) + \/ Agronomic practices

Presence of hedges and rows

+ v Potential carbon sequestration (ES-CSP)

EMISSIONS ABSORPTION

'

GHG BALANCES

Figure 3. Schematic of the layers considered for the assessment and mapping of the GHG balance.

2.2. Step 1: Assessment and Mapping of GHG Emissions

The evaluation of the Emilia-Romagna region’s rural territory emissions was based
on a cognitive framework based on the layer: (i) INEMAR emissions. The regional
inventory of atmospheric emissions is carried out through the INEMAR software, a tool
developed and progressively updated in the framework of an interregional convention
that currently involves, in addition to Emilia-Romagna, other Italian regions. The
reference methodology implemented in INEMAR is the EMEP-CORINAIR methodology.
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Emission data are returned at municipal level. The classification of emissions according
to this methodology involves the use of the SNAP (Selected Nomenclature for Sources of
Air Pollution) coding and estimation according to it. The anthropogenic and natural
activities that can give rise to emissions into the atmosphere are divided into 11
macro-sectors, including “Energy production and fuel processing”, “Industrial and
Non-industrial combustion”, “Road Transport”, “Agriculture and Livestock”, “Waste
treatment and disposal” and others. Based on this research activity, the study will focus
on Agriculture and Livestock (macro-sector 10), which in turn is divided into 6 sectors
(Table 2):

. Fertilizer Crops;

e Crops without fertilizers;

. Enteric fermentation;

e  Wastewater management with reference to organic compounds;
e  Wastewater management related to nitrogen compounds;

e  Particulate emissions from livestock farms.

Table 2. INEMAR emissions by sector (expressed in tonnes/year).

SECTOR NOx PTS PM10 PM25 NH3 vOC N20 CH4
1. Fertiliser Crops 405.1 10,183.4 25,666 12375 2715.6
2. Crops without
fertilisers

10929 1099.2 8739

4. Enteric

: 50,531.2
fermentation

5. Wastewater

management with

reference to 58.4 19,508.9
organic

compounds

9. Wastewater
management
related to nitrogen
compounds

10. Particulate
emissions from
livestock farms

34,603.8 3679.8

8724 5154 2322

This emissions inventory considers different air pollutants, whose data are
expressed in tonnes/year, where:

¢ NOx: nitrogen oxides—indirect greenhouse gas;

e PTS: total suspended dust;

e PMI10: dust with a diameter of less than 10 mm;

e  PM2.5: dust with a diameter of less than 2.5 mm;

e NH3: ammonia;

e VOCs: volatile organic compounds—indirect greenhouse gases;

e N2O: nitrous oxide—greenhouse gas;

e CH4: methane—greenhouse gas.

The result is an information layer in which the territory is characterised by
agricultural GHG emissions on a municipal scale. About the information layer, a
normalisation of the values was followed, according to the Equation (1):

A= (X — Xmin)/(Xmax — Xmin) (1)

where:
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e X =value considered;
e Xmin =minimum value of the class of the specific layer;
e  Xmax = maximum value of the class of the specific layer.

2.3. Step 2: Assessment and Mapping of GHG Absorption

The second phase consists of the study of the territorial capacity to absorb
climate-altering gases in terms of (ii) agricultural crops and their potential carbon
sequestration; (iii) agronomic practices; (iv) presence of hedges and rows; (v) potential
carbon sequestration (ES-CST).

The presence of (ii) agricultural crops plays an important role in the production and
storage of CO:z from and in the soil, an illustration of which is the fact that, on average,
ploughed land emits 2 to 3 times more GHG into the atmosphere than land left fallow
[42]. The presence of crops, in fact, helps the mixing of soil and organic particles as it
breaks up soil aggregates, thus favouring the production of CO2. Although agricultural
soils are also a significant source of carbon dioxide emissions, the choice of a certain type
of crop rather than another can favour greater carbon dioxide capture [43]. The proposed
methodology is based on the layers of crop graphs, to which each individual crop is
assigned a scale of values (‘high’, ‘medium’, ‘low’) based on the biomass production by
the crop under consideration, intended as a proxy for the carbon stored in life cycle. In
addition, for each crop, a dichotomous value “Yes’ or ‘No’ was assigned based on the
potential to vary its carbon storage in the soil according to tillage techniques (Appendix
A). These values were assigned following (10) interviews conducted with local
agronomists and agricultural scientists in the first phase of this research and from the
study of agronomic manuals [44-46]. It may be misleading considering an intensive
agricultural crop with high CO2 uptake capacity, such as beet or maize, in the same way
as a forest or fruit crop with much longer growing cycles and negligible soil movement
[47].

In the analysis of element (iii) agronomic practices, those with minimal or no tillage,
namely those that do not envisage the use of ploughing, were not taken into account and
are associated with zero CO: emissions due to a different diffusivity of the gases in the
soil, which are less free to move [48]. About this specific reason, a specific layer was
considered in the methodology, derived from a layer provided by the Emilia—-Romagna
region with respect to the specific commitments of the second pillar. On this layer, a
selection was made with respect to those soils that fell within the commitment
“10.1.04 —Conservation agriculture and increase in organic matter’ of the RDP, which
finances agricultural enterprises to meet the additional costs and lost revenues resulting
from commitments arising from the introduction of conservation agriculture, as opposed
to conventional agriculture. Although it is true that the use of these techniques depends
first and foremost on the willingness of the farmer, who could also implement these
actions on a voluntary basis, it was nevertheless decided to consider this layer as a
significant proxy for the presence of these practices in the territory.

The layer (iv) related to the presence of hedges and rows certainly represents an
informative reference level of information with respect to the mitigation capacity of an
agricultural context. Such elements, in fact, are generally positioned in marginal portions
of agricultural land, often not used for agricultural production, thus determining an
additional net sequestration of CO: for these spaces.

Only the CST service, i.e., the (v) carbon sequestration potential, the information
layer considered necessary to assess the potential capacity of soils to store carbon
dioxide, was considered for the analysis with respect to exposure. The layer was
produced for the entire lowland as part of the SOS4LIFE project [49]. Maps of the
ecosystem services provided by soils for the lowland area have been published and are
freely downloadable, containing the mapping of several ecosystem services including;:

- BIO: Habitat for soil organisms;
- BUF: Protective capacity;
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- CST: Carbon stock (potential);
- PRO: Biomass production;

- WAR: Deep water infiltration;
- WAS: Water reserve.

For each of the (4) individual information layers, a normalisation of the values was
followed, according to Equation (1).

The maximum observed value is set equal to 1, and the value 0 indicates the relative
minimum in the area considered, which is the entire Emilia-Romagna plain. A complete
mapping of the ecosystem service for the entire Emilia—Romagna region is not available
for this layer, since there are no values for the Apennines. Carrying out this operation in a
GIS environment made it possible to obtain 4 layers, with the same scale of values
expressed from 0-1 and therefore comparable. This made it possible to aggregate the
aspects examined and to obtain a general overview based on Equation (2):

B = (Xii + Xiii + Xiv + Xv)/4 )

where:

e  Xii=agricultural crops and their potential carbon sequestration;
e  Xiii = agronomic practices;

e Xiv =presence of hedges and rows;

e Xv=potential carbon sequestration (ES-CST).

3. Results

Based on the equations shown and the geospatial processing carried out in GIS, it is
possible to assess the GHG balance. To do this, the two layers obtained (GHG emissions
and GHG absorption, respectively) are further processed using Equation (3):

GHG = E—A 3)

where:
e GHG = GHG balance;
e E=GHG emissions;
e A =GHG absorption.
To produce this map (Figure 4), a matrix was created in which the different layers
were used and processed according to a mesh structure consisting of cells with a side of 1
km.

min

A Q 2% 50 km
|| S——]

Figure 4. GHG balance map. In this image, as the spectral gradient changes towards red, areas with
a positive GHG balance are identified.
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In Figure 4, the main result on the spatial distribution of the GHG balance is
displayed, from which it is possible to identify areas with a positive GHG balance and
thus a higher presence of non-absorbed pollutants.

Approximately 2,212,064 ha of “emissive” area was mapped, of which the “Low”
and “Medium-Low” GHG balance classes account for about 44%, while 25.37% fall into
the “High” and “Medium-High” classes, as reported in Table 3. The middle class is the
largest, reaching almost 31% of the total.

Table 3. Detail of the surfaces of the GHG balance classes.

Class of Vulnerability Surface (ha) Percentage of Total GHG Balance
Low 508,619.4 23.00%
Medium-low 459,984 .4 20.80%
Medium 682,158.3 30.84%
Medium-high 391,985.2 17.72%
High 169,316.9 7.65%

In the Apennine zone, it is possible to observe a predominantly negative balance,
which therefore presents a lower quantity of CO: equivalent emitted than that
sequestered. This is by virtue of a context characterised by the presence of the Apennine
ridge and passes, which favour a high level of potential sequestration on the ground,
thanks also to the consistent presence of tree elements and in particular cow pastures,
heaths, mountain grasslands in the higher altitudes and chestnut groves and mesophyll
broadleaf forests in the lower zones. The GHG balance of the lowland area is considered
neutral overall under an average emission scenario and an average sequestration
capacity by virtue of a complex agrarian mosaic. In detail, two areas are characterised by
a positive balance due to high emissive content, namely the area between Parma and
Reggio Emilia and the area from Ravenna to the Comacchio Valleys. The considerable
emissions related to the provinces of Parma and Reggio Emilia are linked to the large
number of cattle farms (Figure 5) in the area for dairy production; in fact, these areas are
characterised by the production of multiple Protected Designation of Origin (PDO)
products (such as Parmigiano Reggiano and Prosciutto di Parma) and a Protected
Geographical Indication (PGI) product. Parma, with 12 supply chains in the PDO and
PGI food sector, is Italy’s leading province in terms of economic value generated, with a
turnover of EUR 1.1 billion, equal to 18.3% of the national IG food sector [50].

[} 25 50km

(b)

Figure 5. Presence of farms. In this image it is possible to see how the concentration of farms (b)
settles in Parma and Reggio-Emilia (a), characterised by a positive balance due to the high number
of dairy farms.

The area between Ravenna and the Comacchio Valleys, on the other hand, has a
high balance due in part to the consistent production of industrial and horticultural crops
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(such as the Pera dell’Emilia-Romagna PGI and the Pesca e Nettarina di Romagna PGI),
and also due to the strong presence of aquaculture, which has a significant Life Cycle
Assessment (LCA) impact on emissions. In the hillside area, from the point of view of
climate-altering gases, there is a substantially neutral balance between the quantities of
equivalent CO: emitted and sequestered. This fact depends on an average emissive
framework of the rural territory and a discrete level of potential storage on the ground
and a good presence of tree elements even in the productive agricultural context,
characterised, furthermore, by crops with a high photosynthetic capacity. The areas of the
high hills and mountains of Emilia-Romagna are characterised by a decidedly low
emission profile with respect to the balance of climate-altering gases, thanks to a high
storage capacity due to the significant surface area covered by woods and a moderate
emission of pollutants in the agricultural context; in fact, the autumn—winter arable crops
represent a limited source of emissions.

4. Discussion

This study investigated and described a developed methodology for the spatial
analysis of mitigation applied to the rural context of the Emilia-Romagna Region. The
study shows a step-by-step guide on how to develop an approach to identify the GHG
balance and the areas with the greatest presence of greenhouse gases that are not
absorbed and/or sequestered. Although the use of a more detailed database should allow
for the more in-depth knowledge of performance, the proposed methodology permits a
relevant assessment at a regional scale, which is mainly useful for policy making and
spatial planning decisions [51]. Moreover, the advantage of this approach is the ease with
which it can be replicated in other spatial contexts, through the definition of local proxies.
These must be based on available information layers, usually held by the local
government, or which can be obtained from satellite data [3].

The analysis conducted, considering the specific limitations, can represent a good
starting point for assessing mitigation. The limits identified can be briefly summarised as
follows:

e  withregard to the datasets used, a limited availability of some uniform layers for the
whole regional area (e.g., the Potential Carbon Sequestration, which does not cover
the whole area);

e the lack of dynamism of some layers with respect to the real evolution of the
territory (e.g., the INEMAR emission data date back to 2017, although the updating
of the regional inventory of atmospheric emissions should be carried out at least
every three years);

e  the techniques used with respect to agronomic practices depend on the willingness
of the farmer, who could also implement these actions on a voluntary basis;

e the inevitable approximation of reality, resulting from the use of a limited set of
layers.

Therefore, further exploration and practical implementation is necessary to obtain
important knowledge and fill existing gaps. This type of study can influence both the
choice of certain mitigation strategies and the areas of application and can be applied and
adapted, in particular, in the definition of actions resulting from agricultural policy and
landscape planning. Furthermore, the research can be deepened with the definition of a
GHG risk classification in the study area, so that the methodology discussed in this paper
can become a tool that can make important additions to landscape planning instruments
such as the Regional Landscape Plan or Rural Development Plans.

Future implementations, which concern the definition of a risk classification, can
guarantee greater detail, depth and knowledge of the territory.
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5. Conclusions

This article highlights how the issue of mitigation and GHG balance can be
investigated on a large regional scale in rural territory, and how this method represents a
new approach to agriculture-related climate issues on a territorial scale.

This method can be replicated for the assessment and mapping of different factors,
which persist in parallel, and could allow a synoptic vision of territories with respect to
climate change. This paper provides a methodology capable of assessing mitigation in
rural contexts, which could be extremely important in future Common Agricultural
Policy, where giving priority in action to the most vulnerable territories—such as with
the Nitrate Directive —is an important act of resource efficiency, in order to finance more
result-based actions. In conclusion, it is clear that without an extensive planning and
political process promoted by public administration and local commitment, it is not easy
for private citizens and farmers to work synergistically to minimise negative effects and
GHG emissions.
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https://agreagestione.regione.emilia-romagna.it/agrea-file/ (accessed on 23 February 2022);
potential carbon sequestration (ES-CST):
https://ambiente.regione.emilia-romagna.it/it/geologia/suoli/suoli-pianificazione/servizi-ecosistem
ici-del-suolo (accessed on 1 April 2022).
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Appendix A. CO2 Sequestered for Type of Crop.

Dependent on Soil Working

Type of Crop CO: Sequestered Techniques
ACHILLEA Low Yes
GARLIC Low Yes
AGRETTO Low Yes
ALTEA Low Yes
AMARANT High Yes
ANETO Low Yes
COMMON ANISE Low Yes
ARACHID Low Yes
OAT Medium Yes
BARBABIETOLA High Yes
BASIL Low Yes
WHITSPIN High Yes
BIETOLA Medium Yes
BORAGE Medium Yes
HEMP High Yes
MISCANTHUS SINENSIS High Yes
SUGAR CANE High Yes
CARROT Low Yes
CAULIFLOWER Low Yes
CABBAGE RAPA Low Yes
CHICKPEA Low Yes
CETRIOL Low Yes
CHENOPODIUM QUINOA Low Yes
CHICKBERRY Low Yes
CYCLAMIN Low Yes
CHICORY Low Yes
COLZA Medium Yes
CORIANDOL Medium Yes
CRESCION Low Yes
CUMIN Low Yes
CHIVE Low Yes
MEDIUM HERB High Yes

HERBS High Yes
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FACELIA
BEANS
FARRO
STRAWBERRY
NUTS

IRIS
SUNFLOWER

WHEAT DURUM/TENERO

SANDWHEAT
GRANTURCO
HYPERICO
HYSSOP
RASPBERRY
LAVENDER
GRAIN LEGUMES
LENTILS
LINEN
LOIETTO
LUPINELLA
ALMOND
MINT
PEPPERMINT
LEMON
BLUEBERRY
NITROGEN-FIXING MIX
WALNUT
OLIVE
BARLEY
PANICO
PEAK

RAFFIN
RAVIZZONE
RICE

CELERY
SEGALA

High
Medium
Medium
Low
High
Low
High
Medium
Medium
High
Medium
Medium
Medium
Low
Medium
Medium
Medium
High
Medium
High
Low
Low
Medium
High
Medium
High
High
Medium
Medium
Medium
High
Medium
Medium
Low

Medium

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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SEEDSAL Medium Yes
SENAPE Medium Yes
SOYA Medium Yes
SORB Medium Yes
SORGUM Medium Yes
TOPINAMBUR Medium Yes
TRITICAL Medium Yes
TRITORDEUM Medium Yes
VECCE Medium Yes
VERBENA OFFICINALE Low Yes
VINE High Yes
SAFFRON Low Yes
PUMPKIN Medium Yes
ZUCCHINO Low Yes

Source: interviews conducted with local agronomists and farmers and agronomic manuals.
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