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Analysis of the use of ESs’ classification









Figure 1.3 System boundaries (source: authors’ elaboration based on (Wolf et al. 2010)).

Figure 1.4 Upstream, Core and downstream processes (source: authors’ elaboration based on (Wolf et al. 

Figure 1.5 LCIA stages (source: author’s elaboration based on (Wolf et al. 2010)).



Figure 5.3 Percentage results related to provisioning services in the FU = 1 ha ∙ y . (Source: authors’ 



Table 5.3. Annual results of ESs assessed for each olive farm (FU = 1 ha ∙ y

Table 5.4. Annual results of ESs assessed for each olive farm (FU = 1 tonne of harvested olives ∙ y











(D’Amato et al. 
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–

–
–

D’Amato D, Gaio M, Semenzin E (2020) A review of LCA assessments of forest

–



–

–

–





The expression “Ecosystem Services” was first mentioned in the text “Extinction: The Causes and 

Consequences of the Disappearance of Species” by 

the 1960s and 1970s, with key works such as “Silent Spring” and “Limits to Growth” 

. The term “ecosystem services” in 

entitled “Study of Critical Environmental Problems”. The work made 

of “environmental services” that would be lost if ecosystem functions were severely compr

ecosystem studies discussing the subtle difference between “ecosystem function” and “ecosystem 

” which leads into a debate about anthropocentrism and implicit goals.

In the 1970s, various studies enhanced this field; following “environmental services ” other 

definitions emerged: “public service functions of the global environment” 

, “service functions of the global ecosystem” , “nature's services” and 

“service of an ecosystem” , “functions of the natural environment” 

and lastly “ecosystem services” in the text of 



“ ”

“ ”



“Ecosystem services are the conditions and processes through which natural ecosystems, and the 

and they confer many intangible aesthetic and cultural benefits as well”.

In “The value of the world's ecosystem services and natural capital” by 

“Ecosystem functions refer variously to the habitat, biological or system properties or processes 

y, from ecosystem functions. […] 

which combine with manufactured and human capital services to produce human welfare”.



as more “pedagogical ” focused on raising awareness of the 

of MA, “the ecosystem services are the benefits people obtain from ecosystems ” partly derived from 

scientific contexts. Ecosystem services, being constituted of “benefits ” fall squarely 

•

•

•

•



e three kinds of components: “intermediate” services, direct 

and distinguishes them into five subcategories. The first category refers to “biophysical p

” by which is meant processes not serving human needs directly, such as natural habitats. 



“Ecosystems and Biodiversity” under the green rectangle while the last two are under “Human 

cultural context” under the pink rectangle. This category “services” in the centre is 



“For the purposes of CICES, ecosystem services are defined as the contributions that ecosystems 

specifically to the ‘final’ outputs or products from ecological systems”.

find it irrelevant to the assessment of end service and group it under the ecosystem “functions” instead 

em “services”.





total value, considered to be “social ” is actually the combination of the values that individuals assign 



be labelled “green”. It precludes, for instance, any activity that will not contribute to one of the six 

stated purposes, such as “protection and restoration of biodiversity and ecosystems”.



–



–

Other LCA guides and manuals were also published, for example “Environmental Assessment o

Products”. Volume 1 “Methodology, Tools and Case Studies in Product Development” 

and “Volume 2 Environmental Assessment of Products. Scientific Background” 

•

•





(source: authors’ elaboration based 



(source: authors’ elaboration based 
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(source: author’s elaboration based 



𝐼𝑆𝑖 =∑𝑚𝑗 ∙ 𝐶𝐹𝑖,𝑗



•

•

•

•

•

•

•

•



𝑁𝐼𝑖 = 𝐼𝑆𝑖 ∙ 𝑁𝐹𝑖



–

exposed in “Environmental Life Cycle Costing” by 

•

•

•

•



and comparing costs. Instead, they focus on the concept of “life cycle thinking” and emphasise the 



• Conventional LCC represents the summation of all costs associated with the entire lifetime of a 

• Environmental LCC: The calculation of all costs associated with the whole life cycle of a product 

•







•

•

•

•

•



•

•

•

•

sales value method, which involves allocating costs to a designated “split point” depending on 



to the question “To what extent can input values vary without affecting the conclusions regarding the 

comparison of different options or causing the output values to deviate from a certain value?” 



unity. The phrase “protected natural 

environment” denotes an area that has been conserved to maintain the intrinsic worth of nature, 



→

𝑇𝐼𝑟𝑒𝑓→𝐿𝑈1 = 0.5 ∙ (𝑄𝑟𝑒𝑓 −𝑄𝐿𝑈1) ∙ (𝑡3 − 𝑡2) ∙ 𝐴
is called “time of regeneration” and it is the time necessary for 

𝑂𝐼𝐿𝑈1 = (𝑄𝑟𝑒𝑓 − 𝑄𝐿𝑈1) ∙ (𝑡2 − 𝑡1) ∙ 𝐴

“permanent impacts”. 



(LCA). Global data on the characteristics of potential “natural” land in various biogeographical 

effects of human activities on land use, compared to the idealised “natural” land cover. However, 



‧y while for the land 

established the regeneration time (called in their work “relaxation time”) 

for the category “Carbon Storage Potential”. 



•

•

•



in this “natural area” is then connected with all land

𝑆𝑅𝑟𝑒𝑙,𝑗 = 𝑆𝑅𝑗 − 𝑆𝑅𝑟𝑒𝑓

𝑆 = 𝑐𝐴𝑧



𝑧 = 𝛾 ∙ 𝜎




𝑆𝑖 = 𝑐𝑖 (∑ℎ𝑖,𝑗𝐴𝑗𝑗 )𝑧



𝑆 = 1 − ( ∑ ℎ𝑖𝐸𝐶𝐴𝑖𝑖∑ ℎ𝑖𝐸𝐶𝐴𝑖,𝑟𝑒𝑓𝑖 )𝑧

𝑃𝐷𝐹𝑖 = 1 − 𝑆𝑅𝑖𝑆𝑅𝑟𝑒𝑓



𝐶𝐹𝑜𝑐𝑐,𝐿𝑈,𝑖,𝑗 = 1 − 𝑆𝑅𝑟𝑒𝑙,𝐿𝑈,𝑖,𝑗
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–
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–
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Cycle Assessment: : A “Code of Practice” from the workshop 

Costanza R, d’Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O’Neill RV, Paruelo 
J, Raskin RG, Sutton P, van den Belt M (1997) The value of the world’s ecosystem services and natural 

–

–

–

Daily GC (1997) Nature’s Services: Societal Dependence On Natural Ecosystems. Island Press

D’Amato D, Gaio M, Semenzin E (2020) A review of LCA assessments of forest

–

–



–

–

–

–

Flynn DF, Gogol‐Prokurat M, Nogeire T, Molinari N, Richers BT, Lin BB, Simpson N, Mayfield MM, 

–

–

–

–

–

–



–

–

–

–

–

–

–

–

—
–

—
—

—



—

–

–

–

–

–

–

–

–

–

–



–

–

–

–

for the Club of Rome’s Project on the Predicament of Mankind. Universe Books

–

–

–

(LSF) related to the use of ‘fertile land’ in Life Cycle Assessment (LCA). Journal of Cleaner 
–

Mooney HA, Ehrlich PR (1997) Ecosystem services: a fragmentary history. In: Nature’s services: Societal 
–

–



—
–

–

–

–

–

–

–

–

–

–

–

–

–



—

–

–

–

–

–

Westman WE (1977) How Much Are Nature’s Services Worth? Science –

–



–
–

–



In Conference Procedeeings “La sostenibilità nel contesto del PNRR: il contributo della
”. 

https://doi.org/10.1186/s40066-023-00438-0


2022. The syntax used for the relevant literature consisted of three parts: “ecosystem services” which 

e.g., “life cycle assessment” and the field of 

application “agr*” which includes words like agriculture, agroforestry, agroecosystem, etc. Each part 

•

•

•

Alternative keywords such as ‘life cycle analysis’ and ‘ecological functions’ were excluded to 

broader terms such as ‘environmental impact assessment’ were avoide

standard terminology (e.g., ‘Life Cycle Analysis’ 

instead of ‘Life Cycle Assessment’), it ensures that the retrieved literatur



“Refine Results” tool of the databases used to exclude reviews and editorial material and include only 



The section “General information” considers all information related to the publication of a paper 

ssified into “mass ” “land ” 

“energy ” and “economic value related”. Similarly, system boundaries have been classified 

into three groups: “cradle to gate ” “cradle to grave ” and “gate to gate”. The “well to tank” system 

nsidered in some papers, was interpreted as a “cradle to gate” system boundary.



approach applied. The term “criteria” refers to how the allocation was made, e.g., through physical 

term “approach” refers to how the 

∙





“habitat change ” one of the five drivers of ESs 

∙ ∙ ∙

of the driver “habitat change ” one of the five 

∙



areas. The category “Others” 

D’Amato et al. (2020)





tegory “Other” considers the supply of other materials, e.g., lithological material 

. The category “Others” considers regulating services 



–

purification are jointly considered. The category “N/A” (8) mean

economic valuation “is the most appropriate way to account for cultural services since these services 

are truly anthropocentric in nature”.



–



•

•

•

•

•

•

•

•

•

•

view. In this review, only six papers operate using double FUs. As reported in “Material and methods” 



•

•

•

•



were grouped data obtained from experts’ judgement, data obtained from simulations, and 



used the “classical” end



The assessment of LCC was performed in parallel to LCA starting from LCA’s steps and considering 

“land tickets” 

–



methodology to study the regulatory service “soil erosion ” and the 

(“traditional” Podolian system, Specialized extensive system, Cow



Analysis of the use of ESs’ classification



ecoregions, which are “relatively large units of land containing a distinct assemblage of natural 

nge” 



Reference situation is a “standard” condition for assessing environmental impacts related to 

• Applying “Potential Natural Vegetation (PNV)”: “which describes the expected state of 

mature vegetation in the absence of human intervention” 

•

•

This review represents, to the authors’ knowledge, the first overview of LC methodologies applied 

were “provisioning” and “regulating” 

services, even though there is an interest in “cultural” and “supporting” services. Identifying from the 



“regulating” and “supporting” service.

of different aspects of ESs, in particular, “regulating” services such as Biotic Primary Production 



–

–

–

–

–

–



–

–

–

–

D’Amato D, Gaio M, Semenzin E (2020) A review of LCA assessments of forest

—

–

–

–



M (2007) Quantifying and mapping the human appropriation of net primary production in earth’s 
–

–

–

–

–

Assessment : provisions and action steps. Publications Office

–
–

–

–

–



–

–

–

—
–

–

–

Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND, Powell GVN, Underwood EC, D’Amico JA, Itoua 

–

–

–



–

–

–

–

Styles D, Börjesson P, D’Hertefeldt T, Birkhofer K, Dauber J, Adams P, Patil S, Pagella T, Pettersson LB, 

–

–

–

–

–





, a framework is defined as “a set of beliefs, ideas

used as the basis for making judgments, decisions, etc.”. Based on this definition, the studies can be 

Conference Procedeeings “30 anni di Life Cycle Assessment: sviluppi metodologici e applicativi”. 

oral contribution (it will be published in the future in “Lecture Notes in Networks and Systems” 



ed into two distinct types: “biophysical” frameworks, which focus exclusively on 

environmental valuations, and “monetary” frameworks, which include economic valuations 

’s framework

Blanco (2018)’s framework

Wenk and Brandão (2010)’s framework

Brandão and Milà i Canals (2013)’s framework

Alejandre et al. (2019)’s framework

Saad et al. (2013)’s framework

Cao et al. (2015)’s framework

Núñez et al. (2013)’s framework

Liu et al. (2018)’s framework

Xue et al. (2014)’s framework

Ecotope formation’s framework

Alejandre et al. (2022, 2023)’s framework



“biophysical ” M= “monetary ” B+M= “both evaluation”









perceptions, while support services are considered “already provided” as they







–

–



–

–

–

–

–

–

–



–

–

–

–

–

–

—
–

–

–

–



Arkema K, Lonsdorf E, Douglass J (2018) InVEST User’s Guide

–

–

–

–





The SustainOlive project, an acronym for “novel approaches to promote the SUSTAINability 

” is an international initiative comprising a consortium 

https://sustainolive.eu/






climate impacts caused by secondary particles (e.g., SO₂ and NOₓ) due to uncertainties in their 



→

→

→

→

→

— —



•

•

•

•

•

However, “ uality time” is not implemented in LCA software as well as provisioning services

•

•

•

•

•

•

•



𝐴 = 𝑅 ∙ 𝐾 ∙ 𝐿𝑆 ∙ 𝐶 ∙ 𝑃



𝐸𝑅 = −(𝑅 ∙ 𝐾 ∙ 𝐿𝑆 ∙ 𝐶 ∙ 𝑃)



the “Global Rainfall Erosivity ” a rainfall 

𝐾 = 2.1 ∙ 10−4 ∙ 𝑀1.14(12 − 𝑂𝑀) + 3.25(𝑠 − 2) + 2.5(𝑝 − 3)100 ∙ 0.1317 ∙ 𝑆𝑡

𝑀 = (%𝑠𝑖𝑙𝑡 +%𝑓𝑖𝑛𝑒 𝑠𝑎𝑛𝑑) ∙ (100 −%𝑐𝑙𝑎𝑦)



–

stones≤10%

25%≤stone<50%
stones≥50%



𝐿 = ( 𝜆22.13)𝑚




𝑆 = 10.8 ∙ sin 𝜃 + 0.03       𝑖𝑓 𝜃 < 0.09𝑆 = 16.8 ∙ sin 𝜃 − 0.50       𝑖𝑓 𝜃 ≥ 0.09




𝐶 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝑒[−𝛼∙ 𝑁𝐷𝑉𝐼(𝛽−𝑁𝐷𝑉𝐼)]

 

𝑁𝐷𝑉𝐼 = (𝐵𝑎𝑛𝑑 8 − 𝐵𝑎𝑛𝑑 4)(𝐵𝑎𝑛𝑑 8 + 𝐵𝑎𝑛𝑑 4)

𝑃 𝑓𝑎𝑐𝑡𝑜𝑟 = 0.2 + 0.03 ∗ 𝑠𝑙𝑜𝑝𝑒



•

•

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑜𝑠𝑡 (𝐼𝑡𝑎𝑙𝑦): 𝑙𝑒𝑣𝑒𝑙𝑙𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 (𝐼𝑡𝑎𝑙𝑦) = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑜𝑠𝑡 (𝑐𝑜𝑢𝑛𝑡𝑟𝑦): 𝑥





Parameter Database Spatial 
coverage Temporal coverage Pixel size Reference

R factor Global Rainfall Erosivity 
Database World Data collection since 

2013 for elaboration

30-arc-sec 
(~1kmx1km at the 

Equator)
Panagos et al. (2023)

Kst factor High-Resolution Dataset for 
Europe Europe 2014 500mx500m Panagos et al. (2014)

Kksat 
factor Global soil erodibility World N.A. 1kmx1km Gupta et al. (2024)

LS factor

LS factor (Slope Length and 
Steepness factor) for the EU

European Union 
(28 countries) 2015 100mx100 and 

25mx25m Panagos et al. (2015)

N.A. World N.A. 1-arc-sec (~30mx30m 
at the Equator) Software SAGA

C factor

Cover Management Factor 
for the EU

European Union 
(28 countries) 2010 100mx100 Borrelli and Panagos 

(2020)

N.A. World N.A. 1-arc-sec (~30mx30m 
at the Equator) Sentinel 2

P factor
Support Practices factor (P 

factor) for the EU European Union 2010, 2016
30-arc-sec 

(~1kmx1km at the 
Equator)

Panagos et al. (2020)

N.A. World N.A. 1-arc-sec (~30mx30m 
at the Equator)

Software SAGA and 
Lufafa et al. (2003)

Source: authors’ elaborations. 







𝑀𝐹 = 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∙ (1 − 𝑠𝑒𝑎𝑙𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟)



Parameter Database Spatial 
coverage

Temporal 
coverage Pixel size Reference

Soil type
Harmonized World 
Soil Database v1.2 

(HWSD)

World

N.A. 30-arc-sec 
(~1kmx1km at 
the Equator)

Nachtergaele 
et al. (2012)

Distance 
surface to 

groundwater
Global water table 

depth
Fan et al. 

(2022)

Sealing factor

Harmonisation, 
mosaicing and 

production of the 
Global Land Cover 

2000 database

2000 Fritz et al. 
(2003)

Source: authors’ elaborations.





≥7.5

𝑃𝐹𝐶 = (𝐶𝐸𝐶𝑒𝑓𝑓𝑐𝑙𝑎𝑦 + (𝐶𝐸𝐶𝑒𝑓𝑓𝑂𝑀 ∙ 𝑝𝐻 𝑓𝑎𝑐𝑡𝑜𝑟)) ∙ 𝑠𝑒𝑎𝑙𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟

Parameter Database Spatial 
coverage

Temporal 
coverage Pixel size Reference

Clay and 
silt share

Harmonized World 
Soil Database v1.2 

(HWSD)
World N.A.

30-arc-sec 
(~1kmx1km 

at the 
Equator)

Nachtergaele et al. 
(2012)

CECeff_clay

AD-HOC-
ARBEITSGRUPPE 

BODENKUNDE 
(1996, 2005)

OM share Nachtergaele et al. 
(2012)

pH Nachtergaele et al. 
(2012)

pH factor
AD-HOC-

ARBEITSGRUPPE 
BODENKUNDE 

(1996)
Bulk 

density
Nachtergaele et al. 

(2012)



Sealing 
factor

Harmonisation, 
mosaicing and 

production of the 
Global Land Cover 

2000 database

2000 Fritz et al. (2003)

Source: authors’ elaborations.



•

•

•

𝑆𝑂𝐶 = 𝑆𝑂𝐶𝑟𝑒𝑓 ∙ 𝐹𝐿𝑈 ∙ 𝐹𝑀𝐺 ∙ 𝐹𝐼



•

•

•

•

•

•



considered as “Tree” and “No Tree”. The former label considered 330 points, so it is possible to calculate 

𝑆𝐸 = √𝑝𝑞𝑁
n is the total number of points classified in a label, e.g. as “Tree” 



𝑆𝐸 = √0.33 ∙ 0.671000 = 0.0149

𝑆𝐸 = √𝑛𝑁



–

𝐸𝐹 = 𝑀𝐶 + 𝑁𝐶 + 𝐷 + 𝐴𝐼

𝐷 = 𝑆𝑅 + 𝑆𝐷2



𝜎 = √ 𝛼 ∙ 𝛽(𝛼 + 𝛽)2 ∙ (𝛼 + 𝛽 + 1)
 

𝛼 = 𝜇 ∙ (𝜇 ∙ (1 − 𝜇)𝑠2 − 1)𝛽 = (1 − 𝜇) ∙ (𝜇 ∙ (1 − 𝜇)𝑠2 − 1)


𝐷𝑉𝐴𝑅 = [𝑆𝑅 + (1 − 1𝜌)] + 𝑆𝐷2
𝜌 = 𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠 ∙ (1 − 𝜎)

 𝜌 = 𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠
𝜌 = {𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠 ∙ (1 − 𝜎)                             𝑖𝑓 𝜎 > 0 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠 > 1𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠                                               𝑖𝑓 𝜎 = 0 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠 > 1



𝐷/𝐷𝑉𝐴𝑅 = {  
  [𝑆𝑅 + (1 − 1𝜌)] + 𝑆𝐷2                              𝑖𝑓 𝜎 ≥ 0 𝑎𝑛𝑑 𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠 > 1𝑆𝑅 + 𝑆𝐷2                                                                          𝑖𝑓  𝑣𝑎𝑟𝑖𝑒𝑡𝑖𝑒𝑠 = 1

MC degree Description Examples

1 Initial communities in the 

initial stage

(old ecosystems) arctic tundra, tropical rainforests, 

prairies, coral reefs, differentiated mixed forest, 

beech forest

2 Initial communities and short 

life additional communities

Alluvial forests, grazed forests, raised bogs

3 Long life addition communities Forests, coppice forests, hay meadows, dry 

grassland

4 Stable communities (stable 

with external conditions)

Gardens, parks, vineyards

5 Climax communities Field, turf



Value Description Examples
5 Close to 

natural

Rock, moor, water, tundra, high mountains, lightly thinned or grazed 

forests, dunes, moors, salt marshes

3 Semi-natural Forestry, meadows, pastures, former quarries, heaths, dry grasslands, 

landscape parks

1 Far from 

natural

Forest monoculture, orchards, parks, farm gardens, intensively used 

meadows and pastures, unvegetated bodies of water, arable land, garden 

areas, sports turf, viticulture, loose rural development, intensively used 

fishponds

0 Artificial Sports areas, landfills, turf, soil excavation areas, peri-urban development, 

ind. commercial areas with low sealing, campsites, railway facilities, 

sealed areas, technogenic areas, buildings, landfills with basic sealing, 

closed inner-city development, ind. commercial areas with high sealing

Number of species Value
> 40 Initial communities in the initial stage

31 – 40 Initial communities and short life additional communities

21 – 30 Long life addition communities

11 – 20 Stable communities (stable with external conditions)

1 – 10 Climax communities

Height of vegetation unit 50 – 100% 25 – 50% 5 – 25%



High wood (10-20 m) 1 0.6 0.3

Low wood (< 10 m) 1 0.6 0.3

Bush (higher than 2 m) 1 0.6 0.3

Low bush (lower than 2 m) 0.5 0.3 0.2

Grass higher than 30 cm 1 0.6 0.3

Grass lower than 30 cm 0.5 0.3 0.2

Numeric values Description Proportion of vegetation damaged

5 No affected 0 %

4 Slightly affected 1 – 2 %

3 Compromised 2 – 5 %

2 Damaged 5 – 20 %

1 Seriously damaged 20 – 50 %

0 Extremely damaged > 50 %
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Country Italy Spain Greece Portugal Morocco Tunisia

Location Apulia Andalucía Peloponnese Évora Tangeri-Tetouan-Al Hoceima
Sousse 

Governorate

Production mode
Org./

Intg.
Intg. Org. Intg. Org. Conv. Org. Conv. Org. Org.

Conv./

Org.
Org.

Size of farm (ha) 18.45 17.60 255 30 2.2 1.3 470 220 5 2 24 136

Plant density
(trees ha-1)

240 200 156 143 160 230 190 60 100 157 1000

Water management Irr. N.I. Irr. Irr. N.I. N.I. Irr.

Conduct system Intv. Trad. Trad. Trad. Trad. Trad. Intv. Trad.

Orography Plain Max 16° Slope Max 6% Plain Slope Plain Plain

Mechanisation level Medium-high High Medium-high Medium Low Low High Medium

Yield (t ha-1) 10.5 9 3.4 5.7 3.3 2.2 2.5 3 3.1 0.7 4.7 4.3

: authors’ elaborations.





ES Group ES Method

Provisioning

Crop growth capacity

EPS2015Production capacity for fruit and vegetables
Wood growth capacity
Fish and meat production capacity

Regulating

Soil Erosion Resistance
LANCAMechanical Filtration

Physicochemical Filtration
Ecotope Formation Baitz 2002

shows the results expressed in 1 hectare ∙ y

1 tonne of harvested olives ∙ y

indicator “decreased production capacity of ” 



relationship between the quantity of nitrogen and the quantity of fish for the category “Fish and meat 

" considering NO, while for the category “wood growth capacity ” the positive 

negative values because it represents the soil’s resistance to the water erosion process. The maximum 



. Annual results of ESs assessed for each olive farm (FU = 1 ha ∙ y

€ ha

€ ha

€ ha

€ ha

–



€ ha

2.43∙10 8.67∙10
2.43∙10

1.21∙10

2.43∙10

1.21∙10

9.13∙10

2.56∙10

1.28∙10

2.56∙10

2.43∙10

1.21∙10
2.43∙10 1.91∙10 1.91∙10 1.28∙10 1.28∙10

€ ha
–

1.92∙10 1.92∙10
2.49∙10

2.68∙10
2.49∙10 2.12∙10 2.12∙10

1.84∙10

1.85∙10
9.06∙10 1.82∙10 1.82∙10 1.60∙10 1.60∙10

€ ha –

authors’ elaborations.



Percentage results related to provisioning services in the FU = 1 ha ∙ y . (Source: authors’ elaborations).



. Annual results of ESs assessed for each olive farm (FU = 1 tonne of harvested olives ∙ y

€ ha

€ ha

€ ha

€ ha



€ ha

2.77∙10 1.16∙1

8.26∙10

4.13∙10

5.58∙10

2.79∙10

9.39∙1

3.35∙1

1.39∙1

6.95∙1

1.33∙10

6.65∙10

1.02∙10 8.79∙1
3.58∙10

3.19∙1 3.52∙1

€ ha

2.19∙10 2.55∙1

8.47∙10

9.11∙10

5.72∙10 7.77∙1 1.15∙1
1.00∙10

1.01∙10

3.79∙10 8.39∙1
3.42∙10

3.98∙1 4.40∙1

€ ha

authors’ elaborations.



services computed with EPS (2015d) translate the indicator “Decreasing production capacity ” and 

Erosion Resistance (ER) shows “ambiguous” results considering the minimum and maximum 



that soil erosion results in a cost estimated between €0.7 and 14.0 billion for the EU

following MA’s classification. 





upholding the assets according to this ecological program amounts to €120 per hectare.

–



–

–

–

—



–

Horn R, Domżżał H, Słowińska

–

–

il territorio dell’U.E. Tesi di laurea

–

–



ES Group ES Method

Regulating Air purification i-tree canopy
Soil Organic Carbon LANCA

Supporting Ecotope Formation Baitz 2002





€ 





Ecotope Formation (EF) refers to the landscape’s capacity to create ecological structures 

entire farm’s ecological dynamics. To take into account this complexity, a modification to 

𝐸𝐹 = 𝑀𝐶 + 𝑁𝐶 + 𝐷𝑉𝐴𝑅 + 𝐴𝐼



𝐷𝑉𝐴𝑅 = [𝑆𝑅 + (1 − 1𝜌)] + 𝑆𝐷2





€ y €

The column “years of life cycle from constant phase” refers to the life cycle stage of

–



€ ha



Greece, EF values are slightly lower than 10 because of the parameter of “Species Richness ” 

given per hectare and are shown in terms of both carbon stock (tC ha⁻³) and economic value (€ 

ha⁻³)

€ ha



The column “tC ha⁻¹” represents the total carbon stock per hectare, whereas “€ ha⁻¹” represents 

the Spanish STS system exhibited the highest economic valuation, reaching up to 606.14 € ha⁻¹.

18.87 tC ha⁻¹, with economic returns significantly lower than other STS farms.

€ ha



tC t⁻¹), corresponding to the highest economic return (529.31 € t⁻¹). This suggests that specific 

of olives, with values as low as 4.54 tC t⁻¹, indicating lower 

11.28 tC t⁻¹, which also translates into 

206.07 € t⁻¹). 

(Pe’er et al., 2019)





(European Commission, 2021a, 2021b, 2021c; Pe’er et al., 2019)

integration of cover crops that strengthen the ecosystem’s ability to deliver multiple services.
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Flanagan K, Uyarra E, Laranja M (2011) Reconceptualising the ‘policy mix’for innovation. 
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–



–

–





for the maintenance of heritage under this ecological initiative is €120 per hectare
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Pereira P, Bašić F, Bogunovic I, Barcelo D (2022) Russian
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