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“If all the insects were to disappear from the earth, within 50 years all life on earth would
end. If all human beings disappeared from the earth, within 50 years all forms of life would
Aourish”

- Jonas Salk —
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METHODOLOGIES ANALISYS FOR THE PRESSURE EVALUATION ON
BIODIVERSITY USING THREE CASE STUDIES

1. INTRODUCTION

Bicdiversity describes the existing variety between living organisms and the ecologic
complex they are part of. This includes both, the intra and inters specific diversity and the
ecosystem’s one. Although this is a list of species and natural processes, it is also the material
manifesto of the triumph of life on earth. Indeed, it can be said that this is the picture of the
incredible progress that organisms have made from the primary life forms to the brilliant and
multiple human’s intelligence events. Biodiversity studies need to refer to complex
mechanisms that carried the man to the top dominion position on planet Earth. The knot
between man and biodiversity is, in this case, the key of our development.

However, it is necessary to think about all the benefits that human being takes out from
nature. Many things such as pure water, medications, and services like the fertility of
croplands depend on certain conditions of biodiversity that must be conserved. As a proof of
this, some studies tried to quantify the commercial value of the natural heritage with amazing
results. The economic value of resources was estimated between 16 and 64 billion dollars.
‘This amount represents around 7% of the world’s GDP (Gross Domestic Product). Yet, this
absolute value is not a quantification of biodiversity, which is decreasing constantly, causing
the progressive lack of services, affecting human health and both planetary processes, natural
and human.

As a matter of fact, official data released shows that in the ltast 40 years the natural species
have decreased 40%. Moreover, the ones from internal aquatic systems had a loss of almost
50%. These decreasing rates are significant for mammals, birds, amphibians, the whole coral
barrier community and most of the fishing species.

According to the 2011 IUCN’s red list, more than 19.000 species are threatened’.
Furthermore, the European Red List? shows that 23% of the amphibian, 19% of reptile, 13%
of bird, and 37% of fish species are endangered today. In addition, the EU Biodiversity
Action Plan states that for December 2008 the conservation state is unfavourable for half of
the animal species. Now, on the aspect that regards to the invasive species, the European
Agency points a fast and preoccupant growth. For sure, this will bring remarkable economic
and ecologic consequences.

Biologic Diversity Convention’s third edition of Global Biodiversity Outlook (GBO3)",
brings the assessments about this topic, emphasising on how dependent is the human being
from the ecosystem’s services, and how the future of mankind is tied to the welfare of nature.

In order to act against biodiversity loss, the world leaders requested an initiative aiming to
cut off this negative growth by 2010. Nonetheless, on 2010 this aim was not achieved, and

' The TUCN Red List of Threatened Species™ (Available online at: http://www.iucn.org)
* European Red List (Available online at: htip://ec.europa.eu/environment/nature/conservation/species/redlist/)
* Pearce D., Moran D., The Economic value of biodiversity, IUCN, (First edition on 1994)
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this issue loss has pushed United Nations to create new strategies that shall slow down this
phenomenon for 2020.

Consequently, 2010 was named the International Biodiversity Year. Indeed, it is clear that
biodiversity loss is a huge problem that must be solved while it continues to disappear year by
year.

When someone tries to look for the causes of this loss, it becomes necessary to research
on human activities, particularly on the degradation of natural habitats. In addition, the
insertion of foreign species by commercial activities, the overexploitation of resources, the
pollution and the climate change are factors that enhance the loss of biodiversity.

Consequences of this collective failure could be catastrophic for the whole mankind, if
they are not solved in an express way. Biodiversity is, as a matter of fact, a basic wealth for
all humans’ survival and progress.

Since the last year, the Studio Fieschi developed a methodology to assess the impact
caused by industrial plants on local biodiversity of different sites. Until now, the company has
done three biodiversity Impact assessments using its own technique and the results have been
good. However, the scope of constant improvement leads the Studio Fieschi to test and
validate its own methodology to see which are the strong and the weak point of it.

This document is based on a work made by the Studio by request of an industrial
company. The concern of this company is aligned with the nomination of 2010 as the
international year of biodiversity. As a matter of fact, the Studio work was the quantification
of the local biodiversity arcund the industrial plants owned by this company.

In order to get this information, the sensible areas around each industrial site were
identified to mark them as protected spots and places where the biodiversity can be enhanced.
Besides, if there was any case in which there were not sensible areas, the forests, woodlands
or areas with no anthropic pressure were taken as the sensible spots for biodiversity
enhancement.

As a result, using the Thesis document discussed last year by Valentina Sechi, three
methodologies are going to be tested with three case studies that the company attended for the
last year. This document presents a brief description of the company methodology and how
will it be used for each one of the models that are going to be uvsed. Then, a comparison
between the case studies presented, followed by the results of each method application and
their respective comparison.

In the end, this document is intended to be used as a solid base to any further update for
the method, a basis for any change that can be done to it and a collaboration to improve the
quality of the local ecosystems in which it is employed.

Tecnblie porla Progemazicne ¢ Veluiazione Amhiontale
CORER D201



2. OBJECT AND SCOPE

2.1. Main objective

Validate the methodology used by the Company to evaluate the pressures on biodiversity
by comparing the results obtained in three different industrial sites, after applying three
different methodologies to evaluate the pressures on biodiversity.

2.2, Specific objectives

1. Apply three different methodologies to evaluate pressures on biodiversity.

2. Identify the qualitative and quantitative differences between the applied
methodologies. :

3. Compare the results obtained after using the different methodologies.

4. Determine the most important factors that affect each one of the methodologies.

3. METHODOLOGY

The present document follows the Thesis presented for the COREP course taught on
2009-2010, and elaborated by Valentina Sechi®. In that paper, three methodologies for
evaluating pressures of human activities on biodiversity were described and analysed
(GLOBIO3, IMPACT 2002+ and ReCipe2008). These methodologies are going to be used in
this study to accomplish to objectives proposed in the previous chapter.

The logical process is composed by three main phases, which at the same time are divided
in sub-processes. In first place there is the data acquisition phase, in which the information of
each site is picked up and arranged to fit the models that are going to be tested. In second
place the methodologies are going to be applied on each site, and finally the results are going
to be compared.

As a first approach there is going to be a comparison between sites, and the results of
different methodologies applied each one of them, Afterwards, these results will be compared
in order to find the most relevant differences between them and to judge their suitability for
use in the cases studied by the company.

The figure 3.1 shows the logical process that has been followed in order to complete the
study. The path followed goes from left to right. Each phase was identified with a name, as

LA 1Y

listed: “Data acquisition”, “methodologies application” and “analysis and comparison”.

* Sechi V., “Analisi delle metodologie di valutazione esistenti per determinazione della pressione antropica
esercitata sufla Biodiversitd”. Master Tecniche per la progettazione e valutazione ambientale 2009/2010.
COREP, Studio Maurizio Fieschi.
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Figure 3.1. Methodology process explained by topics and their divisions,

As it was said before, the methodology for this study has its cornerstone in the three
impact methodologies analysed by the previous thesis, produced by Valentina Sechi’. Here,
those methodologies are summarized and explained to the reader in order to familianize him
with the techniques and theoretical base used.

For the studies done by the company, the methodologies have been limited to the impacts
on biodiversity, keeping outside the impacts on climate change and human health. In the
specific case of the GLOBIO3? methodology, no changes were needed because this one is
aimed to determine the impacts on biodiversity directly. But, this doesn’t happen with
IMPACT 2002+ and ReCipe2008, which are Life Cycle Assessment methodologies. Thus,
not all the impact categories and drivers presented are taken into account to determine the
impact on biodiversity.

However, these methodologies are intended for the Life Cycle Assessment of practically
every process or product, This is the reason why the methodologies have been adapted to suit
the geographic cases studied in the present document, and the work that the company
develops.

The first step for all the study consists in setting up the geographic boundaries of cach
case study. These limits will be named influence zones, and two of them are identified in the
process.

IA (Influence Arca); It is limited by a 5 km radius circumference, which centre is
located on the specific site chosen. Inside this zone, naturalistic sensitive areas are

* Ihidem
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identified, to consolidate the base for the calculation of each methodology pressure
index.

PA (Pressure Area): This area is limited by the perimeter drawn for the points that arc
5 km far away from the boundaries of the sensible areas identified on the state buffer.
Inside the PA, the Pressures are calculated to get the base of each methodology index.
The PA always includes the TA.

The sensible areas are identified as the areas that are protected by government laws like
natural reserves, parks and forests, However, if there is any case where there are no protected
arcas, the ones occupied by forests and with no human intervention will be considered as
sensihle areas.

An example of these areas is shown in figure 3.2, where both of them are clearly
identified.

Figure 3.2, Ares identification for ease study A, Black perimeter identifies the Influence A rea (LA}, mod
red perlmeter marks the Pressare Area (PA)

After setting the geographic boundaries, inside each methodology used in this document it
is possible to identify four clear steps followed, named below:

. Identifving Driving Forces
2. Specifying pressures.
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3. Quantifying impacts.
4. Calculating biodiversity loss.

Figure 3.3 shows & synthetic process diagram.

Anthropic
"r"'l“"'l Impactquantification
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Inaustrial
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i Agricultural |
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Methadology
w“ - = FRinaE Frweiomeist L ——] [ —
Uelan
ATREs

BOUNEIT &% g many

Figure 3.3, Summarized scheme of the steps to apply cach one of the methodologies

Inside the Pressure Area, four categories of Driving Forces are identified.

Industrial activitics
Agricultural arcas
Lirhan arcas
Infrastructures

R e

Each one of these Driving Forces categories is divided in smaller categories depending on
the type of activity that is developed inside this portion of terrain. In the agricultural Driving
Force category, five sub categories are identified: Non irrigated arable land, Permanent
irrigated land, Areas of pastures, Permanent grows and Mixed Crops.

The Urban areas are divided in Continuous and Discontinuous Urban fabric, and the
infrastructure is divided in Railroads and Roads. On the other hand, the industrial activities
are not divided into categories, because their pressures are calculated according to their own
emissions, waste and type of industry. Furthermore, the infrastructure is considered as a
Driving force with no land occupation factor in the methodologies used.

The figure 3.4 shows an example of the Driving Forces identification inside the Pressure
Area (PA), referred to the case study A. It is necessary to say that this identification is made
with GIS software, in order to achieve more reliable results.
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Figure 3.4. Example of Driving Forces individuation inside the PA (Pressure Area), inside case study A

After pathering the Driving Forces, pressures are assessed. Within LA, are considered
pressures for:

. Industrial activities
* Land occupation.

2. Agricultural areas.
* Land occupation according to the different categories of croplands.

3. Urban areas
* Land occupation according to continuous or discontinuous residence density.

4, Infrastructure.
= |t is not taken into account in the issue of land occupation.

Within the PA are considered.

. TIndustrial activities
» Air, water and soil emissions potentially harmful for local biodiversity.

2. Agricultural areas.
= Air and water emissions linked to the use of pesticides and fertilizers.

3. Urban areas
¢ Air emissions linked to urban transportation, heating systems and small industrial
activities.

4. Infrastructure.
* Emissions caused by land vehicles on streets and railroads,
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Table 3.1 summarizes the buffers that are considered to determine the pressures.

Emissions Land Use
Indystrial Activities PA A
Agricultural areas PA 1A
Urban areas PA 1A
Infrastructure PA =

Table 3.1. Reference used for the impact calculation relative to emissions and land use for the 4 used
categories’,

The land occupation also includes any changes through time. This means the changes
from naturalized to anthropized land or viee versa. As a consequence, this factor will only be
counted if there is a land use conversion after applying the methodology.

The basis of each methodology is going to be explained in the next sections, emphasizing
on the use of these tools and without discussing the methodologies since it was done in
previous documents. For the application, the LCA Software Package SimaPro 7.3 was used to
analyse the data and run each one of the models following the specified methodologies.

3.1. ReCipe 2008

This is the methodology used currently by the company to evaluate the impacts on
biodiversity caused by the different projects analysed. However, this is a LCA assessment
methodology that considers every single impact on the environment. Thus, Recipe 2008 has
been adapted in order to calculate exclusively the impacts on biodiversity. It was developed
by RIVM, CML (University of Leiden, Institute of Environmental Sciences, PRé Consultanis,
Radboud Universiteit Nijmegen e CE Delft),

First of all, this methodology works classifying the anthropic pressures into different pre-
defined categories. Each one of these pressures is well defined with a known unit so it can be
easily guantified. This is called a mid point impact category.

After having all the mid point categories quantified, the next step is to take these values
one step further so the damage to the environment can be expressed as a number. This is what
the methodology itself calls an end point category. To make this understandable, the use of
characterizing factors relates the mid point with the end point categories,

OF all the impact categories that the methodology takes into account, the present study
will show just the degradation of the ecosystem around the sites. The aim of this is to quantify
the potential biodiversity loss within the boundaries of the direct impact zone of each one of
the analysed case studies. The methodology summary can be seen in figure 3.5,

* Sechi V., "Analisi delle metodologie di valutazione esistenti per determinazione della pressione antropica
esercitata sulla Biodivessitd”. Master Tecniche per la progettazione ¢ valutarzione ambientale 2009/2010.
COREP, Studio Maurizio Fieschi
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Figure 3.5. ReCipe 2008 methodology scheme.’

The chosen unit to quantify the impacts on the ecosystems is the PDF (Potentially
Disappeared Fraction of Species), which helps to understand how many species will be lost
and for how many years (PDF year).

The PDF values in each different environment are calculated according to the mean
species density (SD)), for each different system (terrestrial, fresh water and marine systems).
Then. the result is a final unique factor that represents the damage on the ecosystem quality
(Ecosystem damage). It is the result of the product between the species density and the sum of
the PDF values found in the previous step.

Each human activity acts on the land with a pressure due to air, ground and water
emissions, resources consumption or land use. Then, each anthropic pressure is referred to an
impact category on which it is going to act. Most of the pressures are related to the
biodiversity loss, expressed under the concept of Biodiversity Loss Potential (BLP).

| Goackoap M.J., Helungs R, Huibregts M., Do Schrywar A Stnuis J._ Van Zeim R, RaCiFe 2008, A Ife cyce mpact assessment
miethad which comprises hanmonized category indicstors = the midpaint and tha andpoint level; First edition Rapor || Characteisation:
E January 2008, milp feesw bca-recipe net
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The BLP measures the potential impact caused by the anthropic pressures acting in terms
of the disappearance of specie over a determined peried. For example, if a BLP value is 2,0
specie year, this would mean cither that there are 2 species missing in a period of one year, or
that there is just one specie missing in the lapse of 2 years. It is important to take into account
that BLP is always referred to the 1A (Influence Area), so it does not necessarily means that

this specie is endangered.

The list of Impact Categaries contributing to BLP is summarized in table 3.2.

Impact categories | Abbr,  Unit
Terrestrial Acidification TA BLF
Aguatic Eutrophication FE BLF
Termesirtal Toxicity TET |BLP
Aquatic Toxicity FET |BLF
Marine Toxicity ' MET |BLP
Agricultural land occupation | ALO | BLP
Urlan land oecupation ULO |BLP
Industrin fand pcoupation Lo | BLP
Land transformation MLT |ELP

Table 3.2, Impact categories with their relative characterization factor®

The impact categories are aggrepated through characterization factors.

To calculate the total anthropic pressures, cach one of them is translated and quantified in
single impact categories through the characterization factors that belong to each pressure and
category. A pressure is able to affect one or more categories.

For each impact category the BLP is estimated under the formula.

BLPei=XZP;- Oy

In which:
. BLP¢;: Potential loss of specie of the impact category { in one year.
- Pi: Pressure [
. Qi: Characterization factor that links the pressure P, with impact
category 1,

' Sechi V., “Analisi delle metodalogic di valutazione esistenti per determinazione della pressione antropica
esercitata sulla Biodiversita™, Master Tecniche per la progettazione e valutazione ambientale 200972010.

CORER, Studio Maurizic Fieschi
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This count is made for all the identified anthropic pressures, P; which is aggregated in the
single impact categories. In the end, the BLP value is extracted.

The BLP wvalues are translated into the normalized API (Anthropic Pressure Index).
adimensional.
The formula used to calculate the API is reported below:

ED =PDFhﬂ S'-Dh!ﬂ *+PDF e SDgy + PDFmw 5Dy

* ED= Ecosystem Damage (PDF in specie-year)
= PDFq = Terrestrial system characterization factor in PDF m]'}'ear
8Dy = Species density for the terrestrial system, in specie/m’

* PDFg = Aquatic system characterization factor in m*-vear
*  SDg, = Species density for the aquatic system in specie/m”
* PDF,= Marine system characterization factor in m® year

= 8Dy, = Species density for the marine system in specie/m’
Specte density (SD)

The species density calculation is made considering the following factors:
= The total amount of speci¢s present in the area.

*  Their distribution in the different systems (carth, water and marine)

® The surface and volume used

The ReCipe2008 model links the anthropic pressures due to emissions and land
occupation with a limited number of impact categories (midpoint), connected with a damage
category (eadpoint). This is shown in table 3.3; it shows the midpoint categories and their
measure units. Just below, table 3.4 shows the characterization factors correspondent to each
endpoint category for the Ecosystem Quality list.

Impact category Abbr. | Unit Indicator Limit
Freshwatcr | 7 I
piisi i FE kg (P 1o freshwater) Fhasphorus concentration | year kg /m*
Murins entrophication | ME kg (M 1o freshwater) MWitrogen concenirstion | year kg fm”
i : : kg (I4DCR to industrial  Hazard-weighted ¥

Terrestrial ecotoxleity | TET | soll} Rl e : m vaar
Freshwater seotoodiedly | FET kg (14DCR 1o freshwater gﬁﬂ%'{'@ud i yoar

g . kg (14-DCBT to marine | Hnzard-weighted 1
Mlarine ecotoxicity MET Wi s F " year
Land isccupation Lo m ranne {urban laed) | Dhecupation e yenr
Mutueral fznd | | [ 3
piaigal L | WLT | - {netarnd lnnd} I Transformation m
Climate change CC | kg {CO2 to alr) { Infra red radiation force Weyear-m’
Terrestrial seidification | TA | kg (502 o wir} | Base saturation m’ year

Table 3.3. Midpaint impact categories and indicators with their own measure uniis.”

* Sechi V., “Analisi delle metodologie di valutazione esistenti per determinazione della pressione antropica
esercitata sulla Biodiversit”. Master Tecniche per la progettazione e valutazione ambientale 2009/20 10,
COREP, Studio Maurizio Fieschi
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Impact categories Characterization factors

Abbr. Umit Name | Albr.
cC kg (COF to air) | Global warming potential | GWP
TA kg (S0° to uir) Terrestrial acidification potential TAP
FE kg (P to freshwater) Freshwater gutrophication polential FEP
ME kg (M i freshwater) Marine eutrophication potential MEP
TET kg (14DCB "t industrial soil) Tetrestrial ecotoxicity potential TETP
FET  |kg{14DCB" 1o freshwater) Freshwater ecotoxicity potential FETP
MET | kg(14-DCB’ to marine water) Masine ecotoxicity potential METP
Loy | m* fanno Land cccapation potential ALOP
MLT | m*/anno (natural land) Matural land transformation potential = NLTP

Table 3.4. Midpoint and charactertzation factors corresponding to the Ecosystem Quality™

The conversion from midpoint to endpoint factors is made with a set of determined factors
given by the literature found. Databases like ECOINVENT are taken into account, and other
factors are estimated with mean data for each country or region that is studied. However these
values are given initially by the methodology, so this document will not treat the way they are
obtained.

3.2. IMPACT 2002+

The second applied methodology for this document is IMPACT 2002+, Tt is another Life
Cyele Assessment (LCA) model, developed by the Risk and Impact Modelling group from the
Michigan University, under the leadership of Prof. Olivier Jolliet.

It is characterized by the connection of each result of the Life-Cycle Inventory with a
determinate impact on the environment. These impacts are represented in the midpoint
categories as “kg of equivalent substance™, for each impact category identified.

For the case studies shown in this document, the impact categories that are taken into
account are: Terrestrial ecotoxicity, Freshwater eutrophication, Terrestrial and Aquatic
acidification/nitrification, and Land occupation.

IMPACT 2002+ groups the categories and impacts that are alike inside each midpoint
categories where some damage can be associated. Figure 3.6 shows the schematic diagram of
the midpoint categories and the damages that are associated for each one of the first
mentioned.

Besides, this methodology provides three different units on each of its components o
quantify the impacts caused on the environment. At the midpoint level the “kg of equivalent
substance”™ is used to quantify the damage in common units for each category. Going on
further, at the Damage Level, the “PDF-m2-yr” (“Potentially Disappeared Fraction of species
per m2 per vear™) is the unit to “measure” the impacts on ecosystems. Finally, the unit used to
normalize all the results is the “point™, which are equal to “pers-yr™. A “point” represents the
average impact in a specific category “caused” by a person during one year in Europe.

I Thidem
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In the results presented for this methodology, the results are presented in “points”. First of
all because this is unit is the normalized one for IMPACT 2002+ and because the results
obtained in “PDF m2-vr™ have a magnitude order way of around 107, Besides, the authors of
the methodology recommend using the normalized results for comparisons between the
different case studies.

Figure 3.6: shows the midpoint categories that are taken into account for the analvsis.
There are ten arrows that go from the midpoint categories to the “Ecosystem Damage”
category. But, of these ten arrows there are six thal are not taken into account inside the
methodology that will be applied.

These six that are not taken into account are: Ozone laver depletion, Photochemical
oxidation, Aquatic acidification and Eutrophication and acidification. In this particular case
the lack of information in the methodology cause the omission of this data. Photochemical
oxidation is known to have an impact on the growth of plants. However, currently no
available studics were able to support calculations of the damage on ecosystem quality due 1o
photochemical oxidation.

Figure 3.6. IMPACT 2002+ structurc. From the LCI results, to the damage categories identified."

The damage categories are represented as it is shown in table 3.5, where the factors are
named one by one and the amount of equivalent substance is shown for each one of the cases,

"' Humbert S., Margni M., Jolliet O, IMPACT 2002+ User Guide, Draft for Version 2.1, Industrial Ecology &
Life Cycle systems Group, GECOS, Swiss Federal Institute of Technology Lausanne (EPFL), CH-1015
Lausanne, Switzeriand

METIROIILOGEIES AMALISYE FOM THE PRESSURE EVALLIATIN 01N BICHY VERSITY [ISTRi HED CASE STLIHEY 13
yithomio Fremosl RS
BIINENE P b "|"|_l|'|l+\.-'||'|'-_ ¢ Valubszioes Amhiantsies

COEER 20000011



However, the only categories that are used in this document are the ones that are referred to
the Ecosystem Quality damage category.

| Mormalized

Midpoint category Midpaint reference Damage unit | g sty
I.p:uh. ecalaicity kg Triethylene glycol- eq into water | PDF n:;i-urmn point
Tervestrial ecotoxicity kg Triethylena glycol- eq into soil | PDF m2-anno | point
Terrestrial acidification/mrification | kg 50;-cq into air | PIDF m2-anmo | point
Aguatic acidification kg 50;-eq into air [ nda® n'a

Aquatic entraphication | kg PO, eq into water | nia® n'a

Land occupation Ecosystem quality | m® Organic arable land-eq year | PDF m2-anho  point

Table 3.5, Midpoint categories, references damage units and normalised damage units for Impaet 2002+

The way how the results are presented in the methodology is almost the same as they are
presented in the ReCipe2008 case. There are a number of factors that link the results of the
Life Cyele Inventory with pattern substances and then they are normalized to a standard unit.
However, this will be explained below.

IMPACT 2002+ works associating numerical factors to quantify the environmental impact
of each anthropic pressure. The main characterization factors are:

1. CF" (Midpoint characterization facior in Kge,) that allows the evaluation of the
Midpoint Score (SM).

2. DF® (normalized damage factor in point (pers vear)): It allows the evaluation of
the Damage Score (SD).

The final quantification of the impacts is estimated as shown below:

- Midpoint score (SM) = E (emissions;CF™;)
- Normalized Damage score (SDN) = I (emisvions; -DF" )
- Damage score (SD) = E (emissionsDF"™ ) — Not recommended —

3.3. GLOBIO3

The GLOBIO3 methodology differs from the two methodologies presented previously. It
is not a Life Cycle Assessment methodology, but it is a model that is based on cause-effect
relationship between the pressures acting on biodiversity and their possible consequences in a
determinate period. This methodology uses the software package IMAGE 2.4, which divides
the terrain in squared cells and models through time the information related to the impact due
to the Driving Forces.

2 Image 2.4, Bouwman AF; Kram T; Klein CGoldewiik K, fntegrated modeling o global enviranmenial change. An ovérview
of IMAGE 2.4, Methedands Eovironméntal Asseasment Agency (MNP, Bilthaver, Qctober 2006
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As a matter of fact, the main issue with this methodology is the availability of data that
allows the knowledge of the current state of the environment. However, secondary
information was used to estimate the main values of main biodiversity in the whole earth.

The unit of measure used by this methodology is the MSA (Main Specie Abundance),
which is defined by the correlation between the drivers and the presence of native species in a
determined cell in which the terrain was divided. In fact, this indicator expresses the
relationship between the current status of biodiversity and a hypothetical original status.

Translating this information to a mathematical formula, it is notable that it is a result of a
linear combination between the factors mentioned above. For each Driver there is a MSA
obtained, and in the end the sum of each one of those MSA will build the gross MSA
indicator. Particularly, the expression can be summarized as:

MSA; = MSA;ui-MSANMSARMSA - MSAcg

Where:
“i” is the cell where the calculus has been done.

MSA,; is the total value for the cell 7

MSAui Land Cover/Land Use driver,

MSAn;: is the abundance relative to the Atmospheric N deposition driver,
MSA);: is the abundance relative to the Infrastructure development driver
MSAF: is the abundance relative to the Fragmenitation driver

MSAcc;: is the abundance relative to the Climate Change driver

After calculating the MSA for each cell in the space studied, the methodology follows its
path calculating the mean of the MSA values found. The final result will be a single value of
MSA that can be used to express the biodiversity indicator as follows.

MSA=2 MSA;-A;/ T A;

Where:
MSA; is the MSA of a determinate region,
MSA,; is the gross MSA value for the cell
A; The area of the cell i

However, this methodology presents a series of concerns that have to be considered when
it will be applied.

In first place, it counts the primary vegetation observed as an environment with no human
intervention, then, it considers the MSA as a good biodiversity indicator, and areas with
different species density are considered with equal weight on the final calculations. As a
consequence, environments with low biodiversity such a deserts and extreme environments,
have the same value than environments such as rainforests or tropical ecosystems.
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Furthermore, this methodology presents a wide scale of application. The data was
managed to be used in a world/region scale. This means that the cells analysed have a
considerable size and the methodology cannot be applied to regional or local environments.

Since the study presented is a type of local biodiversity, the methodology GLOBIO3 is
not used to determine the anthropic pressures on biodiversity.

4. Sites. Case studies presented.

Three different industrial sites were used in order to analyse the described methodology.
The sites were selected by the Company who ordered the study, and they present different
land distributions and sites of naturalistic interest. The sites will be named with the letters A,
B and C, respectively.

In this chapter, the sites will be described one by one. The different area types will be
identified and other important information gathered from the data management will be shown.
However, the data will be treated just in terms of areas and percentages, excluding the
influence factors and their value.

4.1. Site A

The site A lays in the middle of an agricultural area, mainly non-irrigated and irrigated
arable land, mixed crops and pastures. Inside the Influence Area (14), there are a total of
6.389 ha of land which is used for agriculture, while in the Pressure Area (PA); the total
agricultural land goes up to 15.676 ha.

However, there is also presence of an urbanized portion of land. Inside the (IA) there are
271 ha; while inside the PA there are 1.125 ha. The industrialized zones in the area
surrounding the plant go up just to 259 ha inside the PA, and it is all concentrated inside the
TA.

At the same time, the extension of the infrastructure inside the analysed zone goes up to
26 km for railroads, and to 449 km for streets and roads.

The summarized data containing site A, information is reported in tabled.1.
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. Influence | Pressure

Activity lumt Pl
Agr. 1. Nor-lrrigated arable land ha 757 fh-267
agr. 2. Permanent ircigated land ha [1.100 E:J_z_g
Agr. 3. Areas of pastures ha_[306 1)
A, 4. Permanent grows ha |0 105

5. Mixed Crops. ha fi.22%6 5421
[int. 1. Railroads lem - s
lini. 2. Roads ke - 349
[Urb. 1, Continuous urban fabric ha |0 ]
[Uth. 2. Discontinuous urban fabric | ha pr1 1125
TOTAL URBAN AREA lha
Hm

Table 4.1. Area distribution summary for the site A

The total area of the Pressure Area (PA) is 22.733 ha. The land shape and land
distributions are shown in figure 4.1. The red X points the approximate location of the
analysed industrial site.
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Figure 4.1. Land distribution for site A
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The total sensible or non impacting area goes up to 5.673 ha, which represents the 24.95%
of the Pressure Area (PA). Inside the Influence Area (1A), the non impacting portion goes up
to 935 ha, which represents the 11,90% of this area. Figure 4.2 and figure 4.3 show the land
occupation distribution in the Influence and Pressure areas respectively.

Relative land occupation on LA
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Figure 4.2, Land Occupation distribotion inside the Influence Area for the case A.
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Fignre 4.3, Land Occupation distribution inside the Pressure Area (PA) for the case A

The distribution of the industrial sites found inside the area of study is shown in the table
4.2. The “Activity description”™ column shows the IPPC definition of the industry from which
the information was taken out. The Activity Code refers to the IPPC code form the 2008/1/EC
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Directive of the European Parliament. Then, the third column marks if the values were taken
directly from the industrial site (marked with an X), or the information available on databases
was used. If the values were taken directly from the industries (primary data), they are shown
in table 4.3, in which are summarized the emissions measured in situ.

Activity description SNI:: Activity code* E:::: IPmii:::DnlUnil]
Plants for the pre-treatment (operations such as washing, bleaching, 1 6.2 4500] ton
mercerisation) or dyeing of fibres or textiles where the treatment capacity | 2 6.2 100008 ton
exceeds 10 tonnes per day. 3 6.2 6000} ton
tallations for the disposal or recovery of hazardous waste. 4 5.1 42000} ton
5 5.1 2000] ton
Surface treatment of substances using organic solvents 6 6.7 X

" Activity code from:; DIRECTIVE 2008/1/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCILI

Table 4.2, Industrial activities identified in the study area of site A.

Substance I Unit lAmm;mt

Air emissions

Nitrogen Oxides kg/y 29,00
hosphorus total kg/y 232,008
Water emissions

Aluminium kgfy 2,004
Nitrite kgly 752,00
Sulfate kgly 4763,00
ron Kg/y 24,00
Zinc kefy 16,00
[Boron kg/v 10,00
Chloride kgfy 2183,00
{Fluoride kgfy 2,008
IEhosphorus total kgfy 156,00

Table 4.3. Direct emissions values for case study A.

4.2. SiteB

As the A site, there is a predominance of agricultural land. However, the urban land use is
larger than in the previous case. As it is shown in table 4.4, the agricultural area total goes up
t0 4.478 ha in the IA, and 13.926 ha in the PA. Furthermore, the urban area total is 5.350 ha
(counting continuous and discontinuous urban fabric).

Now, in the infrastructure topic the data is very similar to the one found in the site A (less
than 500 km), moreover neither the A nor the B site have infrastructure inside the Influence

Area (IA).

METHODOLOGIES ANALISYS SR THE PRESSLRE BVALUATICN ON BIODIVERSITY LSING THREL Cas) STURINS 19
A Preziost Ribero

Trentehe pey 1a Progetlasione e Valniasdone Ambieniale

CORER 20E-2011



i Influence | Pressure
Activity Unit A N
Agr, 1. Mon-Irrigated arable land ha (2694 7 500
Agr. 2 Permanent irrigated land ha u
Agr. 3. Areas of pastures ha [L.063 B 327
|Agr. 4. Permanent grows ha © 4
Agr. 5. Mixed Crops. ha 91 a0
|AGRICULTURAL LAND TOTAL ha Joras h3.926
Bindustry - industrial Areas ha [5o1 o1
linf. 1. Railroads km A
Inf. 2. Boads km | L]
rh. 1, Continucous wrban fabric ha po3
fish. 2. Discomtinuous urban fabric ha fL249  jdd7
TOTAL URBAN AREA ha f249  [5.350
on Influent Area ha [1.356 ksi17
ITOTAL AREA ha [7554 25,294

Table 4.4. Area distribution summary for site B

In figure 4.4 below the area distribution of the site B is shown. The total area of the
Pressure Area (PA) goes up to 25.294 ha.

In the other hand, the sensible or non impacting area identified inside the Pressure Arca

(PA)is 5.517 ha, whi
(IA), the zero impact
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The land occupation distribution is shown in figure 4.5 and figure 4.6, for the TA and the
PA respectively, The comparison between the cases is shown in title 4.4, Site comparison™.
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Figure 4.5, Land Oecupation distribution ingide the InMuence Area (1A) for case B,
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Figure 4.6. Land Occupation distribution inslde the Pressure Area (PA) for case B,

Once again, the industrial activities for the study area were identified, giving as a result
the values shown in tahle 4.5, The activities that are marked with an X in the “Direct Values™
column are considered later in this section.
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Site Activi i . -
ACTIVITY DESCRIPTION : ctivity | Direct 1 o o IndexfUnit
No. Code * Value
K_ombustion installations thermal input over 50 MW L 11 x 9.000.000.000 M]
2 1.1 12.600.000 M]J
Surface treatment of metals and plastic materials where the vats 3 2.6 97920 |ton
'volume exceeds 30 m3. 4 2.6 374.400 ton
5 41.a 15.800 |ton
Chemical installations for the production of simple hydrocarbons 6 4.1b 000} ton
7 41.¢c 35.000 |ton
8 42e X
9 3.1 74498 {ton
10 . 894 |t
Installations for the disposal/recovery of hazardous waste with a 5.1 3 e
. . 11 3.1 74500 |ton
capacity exceeding 10 ton/d.
12 5.1 522 |ton
13 5.1 1415 |ton
lants for the production of paper and cardboard 14 6.1.b 41321 |ton
[niensive rearing of poultry or pigs 15 6.6.b X
Surface treatment of substances using organic solvents 16 6.7 470 |ion
(consumption over 150 kg/h) 17 6.7 X

* Activity code from: DIRECTIVE 2008/1/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCILI

Table 4.5. Industrial activities identified in the study area of site B,

The direct emissions values are reported in table 4.6, just as it was done for the case study
A. These emissions provide the information for the pressures generated by the industrial

activities in the case studies.

Substance | LUnit | Amount
Air emissions
Nitrogen Oxides kgfy | 256.000,00
Ammonia keafy 38.000,00
Water emissions
Ammonia kg/y 3,09
lAnionic phosph. Esthers  kgfy 3,09
Arsenic kgiy 15,70
Cadmium kg/y 0,31
Chromium kefy 84,40
Chromium ion kgly 30,88
Chromium IV kegly 0,31
Copper kgly 6,18
Cyanide kefy 78,60
Tron. kgfy 0,31
Lead kgfv 0,31
Manganese kefy 031
Mercury kgfy 1,60
Nickel kgly 90,98
iINitrate kagfy 379,76
Nitrite kgfy 3.09
Sulfate kgly 7.749,11
Zinc kgfy 30,88

Table 4.6. Direct emissions values for the case study B
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4.3.

Site C

The third site under analysis for this study is a site that again is mostly agricultural, but it
has a considerable Urban Land occupation. In fact, it is superior to the proportion on the other
two case studies. The gross agricultural portion total in the Pressure Area (PA) is 16.265 ha,
and inside the Influence Ares (IA) it occupies 3.965 ha. To illustrate the case study C table
4.7 is shown below with a report summary.

- .. [Imfiuence | Pressore
Activity Unit| ™ e
pagr. 1. Non-lerlgated arable land ha 5% 1.002
Agt. 2, Permarent irvigabed land ha |0 [
.3, Areas of pastures ha 1 28
ET- 4. Permanent grows ha [0 1
r. 5. Mixed Crops. ha |3.735 [15.056
ICULTURAL LAND TOTAL 965  [16.266
- industrial Areas ha P27 b2y
finf. 1, Ratiroads km - s
finf. 2. Roads km ks |
[Urh. 1, Continuous urban fabric ha o i
[Uirh. 2. Discontinuous urban fabric ha P.260 2637
E:::um&

Table 4.7. Area distribution summary far case C

The land distribution is shown also in figures 4.7 and figure 4.8. This, together with the

cartographic information completes the description of the Land Occupation for the case C.
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Figure 4.7. Land Occupation distribution within the Influence Area (1A) for the case C.
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Figure 4.8. Land Occupation distribation within the Pressure Area (PA) for the case C.

As in the previous cases, the land distribution scheme is shown in figure 4.9.
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Figure 4.9, Land ase distribution for site T,
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The area of the sensible areas considered inside the IA is 1.302 ha, it represents the
16,58% of the total IA. Besides, inside the PA there are 7.264 ha, which is the 27,42% of the

total area.

To complete the description of the site C, it is necessary to consider the industrial
occupation and the emissions for this study area. Table 4.8 shows the distribution of the
industrial sites found and their respective emissions.

] Site | Activity [ Direct|Producti .
Site No. code:y [Valued Index mtl
[Plants for the pre-treatment of fibres or textiles where the treatment capacity exceeds 10 tonnes 1 6.2 X 4 -
2 6.2 4.02(4 ton
Installations for the surface freatment of substances using organic solvents 3 6.7 X 4 -

Activity code from: DIRECTIVE 2008/1/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCILI

Table 4.8. Industrial activities identified in the study area of site C.

The direct values emissions are reported in table 4.9, these values correspond to the primary
information gathered from the industries within the Pressure Area of this case study.

Substance l Unit I Amount
Air emissions
[Nitrogen oxides | kg/ly 215.000,00
NO2 kgly 129.333,00
[Phosphates ke/y 5.310,00
Sulfur oxides kgfy 273.000,00
VOC as C kgfy 41.986,00
Water emissions

Cadmium kgly 0,45
(Chromium kgfy 0,09
Lead kgly 0,90
Nickel kgfy 7,20
{Phenol kgfy 0,15
IPhosphates kgfy 36,00
Il’hosphorous kgfy 0,36

ine kgfy 5,70

Table 4.9. Direct emissions values for the case study C

Unlike site A, this site is very close to an urban area. It will be seen in the comparison that
this is a very important factor for the land distribution, and then for the quantification of the
pressures in the results comparison chapter.
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4.4. Site comparison

As a first analysis, this section will show the main similarities and differences between
each one of the case studies. As a summary, the relative values conceming to the total areas
for each use are shown in table 4.10. The Pressure Area (PA) is considered for this analysis.

Influent Area
c PA (ha| AGRICULTURE INDUSTRIAL| URBAN [NON-INFLUENT
ase 2 (ha) (ha) (ha) AREA (ha)
Site A 22,833 15.676 259 1.125 5.773
Site B 25294 13.926 501 5350 5.517
Site C 26.494 16.266 327 2637 7.264

Table 4.10. Main areas comparisom between the 3 case studies, in hectares (ha)

The site that has more agricultural area is site C, while the one that has more industrial
areas and more urban coverage is site B. Moreover it is interesting to observe the amount of
land that is occupied and affect the environment and specifically biodiversity. in this study,
this area is larger in site B, followed by site C and in last place, site A.

However, these absolute values are transformed to values referred to the total area of each
case study. The results are shown in table 4.11. This data is referred to the gross Pressure
Area of each case.

INFLUENT
Case PA (ha)| AGRICULTURE | INDUSTRIAL | URBAN ARlé A
Site A 22 833 68,66% 1,13% 4,93% 74,72%
Site B 25.294 55,06% 1,98% 21,15% 78,19%
Site C 26,494 £1,40% 1,23% 9,95% 72,58%

Table 4.11. Relative occupation values for each site, inside the PA

In order to make a qualitative interpretation, this data was set up to fill figure 4.10, shown
below.
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Land gecupalion comparison
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Figure 4,10, Comparison beiween the land cccupation of the three case studies inside the PA

To complete the comparison it is necessary to consider the analysis of the case studies just
inside the Influence Area (IA), the closest to the sensible zones considered and the one that is
affected by the land use factors,

The amount of occupied area inside the (LA) is reported in absolute values in table 4.12.
The total area is the same for the three case studies, according to the methodology.

Values reported in ha
Case aﬁmmnmnlmmamr. INFLUENT
AREA
Siite A 6389 2% 21 935
Site B 4744 501 1249 1.356
Site C 3.965 327 2360 1502

Table 4.12. Absolute area accupation inside each one of the Influence Area.

Using the values on table 4.12, and using 7.854 ha, which is the total area of the [A, it is
possible to build table 4.13, with the relative values of land occupation.

NON-
Case | AGRICULTURE | INDUSTRIAL | URBAN | INFLUENT
AREA
Site A B1,35% 3,30% 3,45% 11,90%
Site B 60,45% 6,38%, 1590% | 17.27%
Site: 50, 45% 4,16% 2878% | 1650%

Table 4.13. Relative land occupation values for the case studies inside the Influence Area (1A)
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Once again, the difference between the case studies is reported as a composed histogram,
in order to identify the differences easily. Figure 4.11 below shows the result of the analysis.
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Figure 4.11. Land Use inside the [A, given in relative values.

As it is shown in the figure above, the land use inside the Influence Area is quite different
for the different case studies. In effect, the site A has a predominant agricultural surrounding,
site B has a considerable amount of urban surrounding and site C has even more land used for
urban occupation.

5. RESULTS

This section shows the anthropic pressure results for each site using each methodology. In
first place, it shows the ReCipe 2008 results, because this is the actual methodology used by
the company for the case studies. Then, the results given by the other methodology are shown.

The analysis performed takes under consideration the area distribution given in chapter 4.
In that section the different activities and distributions were shown.

5.1. Results for ReCipe 2008 methodology

As ReCipe 2008 is the methodology chosen by the company to elaborate the studies
nowadays, the results are shown in first place. In the end of the section the results for each
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case will be compared too with the scope of giving the reader an idea of how the values
obtained are different for each one of the cases.

5.1.1. Site A

As it was seen before, this site is the one with less Urban Land Occupation, it also has the
second bigger agricultural area and has the smaller industrial occupation of the sites selected
to make the comparison.

In first place, table 5.1, shows the values obtained after applying the methodology to each
category considered. All values are expressed in PDF (Potentially Disappeared Fraction of
species), specie-year.

Driving Terrestrial Freshwater | Terrestrial | Freshwater | Agricultural |Industrial land| Urban land | Total for
Force acidification | eutrophication | ecotoxicity | ecotoxicity | land occupation | occupation | occupation | category

A griculiure 9,856E-03 1,745E-04 1,933E-02 9,465E-05 1,151E+00 0,000E+00 L,0C0E+D0 | 1,180E+00
Industrial 6,435E-07 6,942E-06 4,602E-04 3,998E-08 0,C00E+00 5,005E-02 0,060E+00 | 5,052E-02
Infrastructure | 1,189E-03 0,000E+00 2,784E-04 8A477E-08 0,C00E+00 0,009E+00 0,000E+00 | 1,467E-03
[Urban 6,341E-03 0,000E+00 4,328E-03 2,776E-06 0,000E+00 0,0G0E+00 5,230E-02 | 6,297E-02
[Total 1,739E-02 1,815E-04 2,439E-02 9,755E-05 1,151E+00 5,005E-02 5,230E-02 | 1,295F+00

Table 5.1. PDF results for case study A. All values expressed in PDF specie-year

However, it is convenient to express the absolute values as a percentage to get an idea of
the contribution of each Impact Category and/or Driving Force. This transformation is shown

in table 5.2.
.. Terrestrial | Freshwater | Terrestrial | Freshwater| Agricultural JIndustrialland} Urbanland | Total for
Driving Force] . ... . P . . . . . .

acidification | eutrophication | ecotoxicity | ecotoxicity |land occupation| occupation | occupation | category
Agriculture 0,76%) 0,01% 1,49% 0,01%] 88,85%) 0,00% 0,00% 91,12%
yindustrial 0,00% 0,00% 0,04% 0,00%| 0,00%, 3,86% 0,00%| 3,90%|
Bnfrastructure 0,09% 0,00% 0,02% 0,00%) 0,00% 0,00% 0,00% 0,11%;
fUrban 0,49% 0,00% 0,33% 0,00% 0,00% 0,00% 4,04% 4,86%
[Total 1,34% 0,01% 1,88%] 0,01%] 88,85% 3,86% 4,04%]  100,00%

Table 5.2. Relative resulis for the case study A. The total impact is considered as 100%.

With the results of the table, two graphics can be built. The contribution for each Driving
Force, in figure 5.1 and the contribution for each Impact Category in figure 5.2.
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Diriving Forces relative impact for Case Study A (ReCipe 2008 Methodology)
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Figure 5.1. Driving Farces relative impact for Case Study A
Impact Categories relative effect for case study A (ReCipe 2008 methodology)
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Figure 5.1, Impact categories relative effect for case study A

5.1.2. SiteB

For the case study B the same results are presented as in case A. This site is characterized
by having the biggest industrial area, but also the biggest non influent area on the field. Table
5.3 and table 5.4 show the result of the calculations for the impact on biodiversity.
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Divivine Force Termesirial | Freshwater | Terestrial | Freshwater | Agricultural | Indostrial land| Lirban land | Total for each

S mddiﬁﬂﬁunlnlﬂphi:alim eenfoxicty | ecotoxdieily | lamd occapation | eccupation | osccupation | Driving Force
Agriculmre 15566 1629600  SR74ENS 7.DSRE-0H SO7IE-ON  O000E0]  0000EHM] 8,237E-01)
|industrial 1,232 1 MEE-T 4 5E-07]  2006E-04 {1, -+ SEOXE-G O/OONEHN] 9, 437E-02{
[sdrstructure (LOOGE 1.566E-0  3518E-06] 1.538E-05 {0, 00E S DOOOESO0] 0, 000E+00 1,568E-02]
[urban 0L OD0E-+} 5159600 33ME05  2.679E-08 0L 00E-+00) oo00E-00  2,4108-00) 2,926E-0}
(Total 1,568E-04 BSISE-DZ  9.580E-05  2A50E-05 8,071E-m) 962602 2 4108-01] 1,230F+00Y

Table 5.3. PDF results for case study B. All values expressed in PDF specie-year

Thivini Haroe Termesirial |  Freshwaber |Terresinal] Freshwater |  Aprcaltural Induosirial land | Urban land | Total for each

B jacidification| eutrophication |ecotoxicty] ecotoxicity | land occupation occupation occupation | Dviving Foree
A griculturs et | L32%  600% 0,00% 65,651 % e 6,95%)
[indnstrial i, D 0,14%4 ALK | L | i, 0 7 A5% B, 0%
[infrastructure 00 1279 000 0,00 0 0,00% noow  127%
Lirhan i, 0 -I,'J?‘rbl A (K 0,007k i, 0 0,007 15,553 23, 7RO
[Total 0,01% sosnd oo 0,00%| 65,61% 7.85% 19 100,00%

Table 5.4, Relative resulis for the case siudy B. The total impact is considered as 1060%.

With the relative values established, the impact graphics can be built. They show the
impacts by Driving Force, figure 5.3, and the effects by impact category, figure 5.4.
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Figure 5.3. Driving Forces relutive impact for Case Study B
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Impact Categories relative etfect for case study B (ReCipe 2008 methodology)

..

Terseslzkal ecidsficalboen

Terrestrinl scotoxiciby

Agricolbaral

Urban lasd pecapaticn

land pooapation

Figure 5.4, Impact categories relative effect for case study B

5.13. Site C

The results for site C are shown as absolute values in table 5.5 and in relative values in
table 5.6. These tables show the total values of impact either for each Driving force than for

each impact category.

: r Terrestrial Freshwater | Terrestrial | Freshwater | Agricultural |Induostrial tand | Urban land | Total for each
Driving Farce | @ idification | eutrophication | ecotoxicity | ecotoxicity | land occupation | occupation | occupation | driving force
A gricultaral 1505840 1596604 1,607E-01]  3.067E 7, mazE-m| 0000E-00  0,000E+0 8,794 01
[industrial 7.368E-013 0000E+0  5e0E0d  1,132F-05 OLOO0E-H] SIO0E0N  O000EW00  7647E-2

[ntrastrucsure 4,538E-1] 0,000E00 2349600  5.074E-0d 0, CO0E-HE DOODE  GONEW| 3,308

{ithan 1,A87E-02 0,000E+00]  0000E+00  D,000E00 0,000E+00]  D.000E+00]  4.362E-01 4 511E-01|
T otal 4, 682E-02f 1596E-04  1901E-01]  3,132E-04) 7 032E-01 630E-08  4362E]  1sa0E«00|

Table 5.5 PDF resulis for case study C. All values expressed in PDF specie-year
Driving F Terrestrial Freshwater Terrestrial | Freshwaler Agricultural | Industrial land | Urban land Total by
ME OTCR | acidification eutrophication | ecotoxicity | ecotoxicity |land eccupation | occupation | occopation | driving foroe

A griculiural 1,04%) oo 11164 0.02%] 48,297 00 e | 51,077
fincustrial {151%3 0,007 0.41% 0,00%] [ 4,79 o, 5,31%
finirastructure 11,66% 0,00 1,63% 0,005 0,00 0,00 0,00% 2,00
[Uirhan 1,09 0,000 000 0,005 D,00% a0, 20 31,32%
[Total 3,354, 0,01 13,200 0,00% 48,83%) 4,597 30,205, 100,005

Table 5.6. Relative results for the case study C, The total impaet is considered as 100%

Using the data in table 5.6 the figure 5.5 and figure 5.6. that show the distribution of the
impact on biodiversity for the Driving Forces and the impact categories.
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Drriving Porces relative impact for Case Study C (ReClipe 2008 Methodology)
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Figure 5.5, Driving Forces relative impact for Case Study C
Impact Categories relative effect for case study C (ReCipe 2008 methodology)
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Figure 5.6. Impact categories relative elfect for case study C
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5.2. Results for IMPACT 2002+ Methodology

The experimental results for the IMPACT 2002+ Methodology were obtained using the
Sofiware package SimaPro 7.3.™ They are presented separately and then, just as in the
ReCipe methodology, compared for each case study in order to differentiate the results and
get information about the methodology.

5.2.1. Casestudy A

As a first approach, the total result for each Impact and Damage Category is presented in
table 5.7, with the total value expressed in “points”, the normalized unit of the methodology

used.
Aquatic [Terrestrial] Terrestriall Land Total
fecotoxicitylecotoxicity| acid/nutri joccupation}

Agr. 1. Non-Irrigated arable Iandl 1,65 738,35 69,78 3.154,05 3.963,83
Agr. 2. Permanent irrigated Iand 3,89 1.310,22 32,69 923,07 2.269,87]
A gr. 3. Areas of pastures 0,98 164,12 26,35 0,00 191,45
Agr. 4. Permanent grows 0,01 3,04 3,76 0,00 6,36
Apr. 5. Mixed Crops. 4,49 1.131,31 140,96 0,00 1.276,76
[Total Agriculture 11,02 3.347,09 273,55 4.077,12] 7.708,7
[Industrial Activities 0,00 0,00 0,00 159,011 159,01
I'Land Use Urb. Cont. 0,00 0,00 0,00 0,00 0,00

and Use Urb. Disc. 0,00 0,07 239,14 189,89 429,10
[Total Urban 0,00 0,07 239,1 159,89 429,10
|Rail Roads 0,00 0,22 2,83 0,00 3,06
[Roads 551 106851 24973 000] 132375
[Total Infrastructure 5,51 1.068,73 252,57 0,004 1.326,81
[TOTAL 16,53f 4.415,89 765,25 4.426,02 9.623,69

Table 5.7. Resulis in absolute value for the case study A, Values expressed in points

These values can be translated now to relative values of impact in order to get a better idea
when the comparison is made. For now, the total impact on biodiversity is of 9.623,69 points.
Table 5.8, presents a summary of the relative values obtained after dividing the results for the
total impact.
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Agquatic | Terresirial | Terrestrial Land

ecotondcity | ecotoxicity | acidinutri joccupation

Agr. 1. Mon-Irrigated arable land] 02 o TN 0, 73%4 JLTTHN] 41.19%
. 2 Permanent irrigated land 004 13,61%] 0,343 3.59% 23.59%

3. Areas of pastures omsl  1mw ozem|  ooom] 1909

. 4. Permanent grows 0005 Q% I:I,ﬁ:il l}.m‘}'_'d_ 0,07

. 5. Mixed Crops. 005%  11.75% L 0,00%] 13,27%
otal Agriculture :m:j‘ 34, 284%| 4237 so.10%)
[Industrial Activities 0 1:;3 0.00%|  165%  165%
[Land Use Urb, Cont, 0,00%] 0,00% 0,00r%) G00%]  0.00%
|Land Use Urh. Disc, 0,00%4 0% 2.48%] 1L97%]  446%
ratal Lirban 000%  000%  248%]  1ovd]  aaet
[Rail Roads 000%  0.00% om%]  ooo] 0o
[Roads 006%  11,10% 2, 5% 0,00%)] 13.76%
Total Infrastructure {0, 06 11,17% el e 0,00 13,790
TOTAL 017% 45,897 TO5%  45,99% 100,00%)

Table 5.8. Relative results for case study A, IMPACT 2002+ methodology

The first graph that can be obtained from the values in previous tables is the impact for
each damage category, shown below in figure 5.7,

impact by Damage Category
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Figure 5.7, Damage Categories relative contribution with Impact 2002+, case study A

If the solution is presented from another side, the contribution of each Impact Category is
represented in figore 5.8.
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Figure 5.8. Impact Categories contribution in relative values, case study A

Grouping the total values by category, figure 8.9, is obtaned.

_1m 1 Summarized Impact Calegorias contribution Case Study A
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Figure 5.9, Summary for Impact Categories in case A

5.2.2. Case B

The results for case study B are presented in table 5.9, as absolute values and then in
table 5.10 as relative values. For case study B the data was set in the same order as in case
study A so it can be compared with the other two models.
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Aquatic | Terrestrial | Terrestrial Land Total
ecotoxicity | ecotoxicity | acid/nuiri |oceupation

Agr. 1. Non-Irrigated arable land| 2,050 919,216 86,879 2.261,57¢] 3.269,72
Agr. 2. Permanent irrigated land 0,000, 0,000, 0,000 0,000 0,00
[Agr. 3. Areas of pastures 0,406 68,143 10,942) 2.261576] 2.341,07]
A gr. 4. Permanent grows 0,000 0,000 0,000 0,000 0,00
Agr. 5. Mixed Crops. 3,148 793,274 98,838 0,000 895,26
Total Agriculture 5,604 1.780,63 196,66 4.523,15] 6.506,05
{Industrial Activities 61,809 186,525 175,841 306,977 731,45]
ILand Use Urb. Cont. 0,001 0,591 1.979,561 0001 1.980,15
|La.nd Use Urb. Disc. 0,001 0,282 945,603 874.971) 1.820,86]
Total Urban 0,00 0,87 2.925,16| 874,97} 3.801,0

[Rail Roads 0,003 0,288 3,690 0,00 3,98
[Roads 5,641 1.093,533 255,583 0,00] 1.354,7§
Total Infrastructure 564 1.093,83 259,27 0,00 1.358,74
TOTAL 7306  3.062,15] 353694  5.705,30] 12.397,25)

Table 5.9. Results in absolute value for the case study B. Values expressed in points

Aquatic | Terrestrial | Terrestrial| Land Total
ecotoxicity | ecotoxicity | acid/nutri | occapation
Agr. 1. Non-Irrigated arable lan 0,02% 7,41%! 0,70%| 18,24%] 26,37%)]
Agr. 2. Permanent irrigated land 0,00% 0,00% 0,00% 0,00%] 0,00%
Agr. 3. Areas of pastures 0,00%| 0,55% 0,09%| 18,24%| 18,88%
Agr. 4. Permanent grows 0,00%] 0,00%i 0,00%| 0,00%|  0,00%|
Agr. 5. Mixed Crops. 0,03%, 6,40% 0,80% 000%| 7.,22%
Total Agriculture 0,05% 14,36% 1,59% 36,49%] 52,48%|
|Industrial Activities 0,50% 1,51% 1,42% 2,48%] 5,90%]
ILand Use Urb. Cont. 0,00% 0,00% 15,97%)| 0,00%) 15,97%
[Land Use Urb. Disc. 0,00%, 0,00% 7,63% 7,06%| 14,69%
Total Urban 0,00% 0,01% 23,60% 7,06%]| 30,66%
|Rail Roads 0,00% 0,00% 0,03% 0,00%] 0,03%)
[Roads 0,05% 8,82% 2,06% 0,00%| 10,93%
Total Infrastructure 0,03%| 8,82%| 2,09% 0,00%| 10,96%)|
[TOTAL 0,59% 24,70% 28,69% 46,02%| 100,00%

Table 5.10. Relative results for case study B. IMPACT 2002+ methodology

The tmpact for each Damage Category is shown in figure 5.10.
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Impact by Damage Category
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Figure 5.10, Damage Categories relative contribution with Impact 2002+, case study B

Then, each impact category contribution is shown in figure 5,11, and the summarized
version in figure 5.12.

i 10086 Impact Categories contribution case study B

AL Indus¥ial  Land Use Land Use Faoll Rosds  Foads
Acthilie Ui Cont.  Urh. Disc

Figure 5,11, Impact Categories contribution in relative values, case study B
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Summarized impact Categories conlribution case study B
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Figure 5.11. Summary for Impact Categories in case B

523, CaseC

Results for case study C. using the IMPACT 2002+ Methodology are presented in the
same way that for the two previous cases. First, table 5.11, and table 5.12 show the absolute
and relative results applying the methodology and then figure 5.13, and figure 5.14 show the
impact either for each Damage Category than for each Impact Category. Finally, figure 5.15
shows the summarized version for each one of the impact categories.

Aquatic Tu-ruhia!l‘l'zmh-iaIL Land el
fecotexicityfecotoxicity| acid'nutri joccupation)

.1 Non-brrigated arable land] 0263 ngo1| 115 13sesy] 26
. 2. Permanent irrigated land nooy  ooof ooy oo 000
3. Areas of pastures naed  e097dl  orm om0 7113
s 4. Permanent grows 0,000{ 0,000| 0,000 ool 000
5. Mixed Crops. 12468 31421100 391,45 uﬁ 3.546,07]
otal Agriculture 13000 332112 41244] 13348 3.88014]
findustrial Activities 1L 0, o000 200516 20239
[Land Use Urb. Cont. 0,000 0,0 0,000 0000 000
[Land Use Urh. Disc. 0,000 0,167  sSe0687  1.583,808 2.144.66)
Total Urban 0,00 017  sense  1.583.81] 213466
[Rail Roads oo  ong 3.0 noof 291
[Roads 5294 3682447 554405 0.00] 4.245,15
Total Infrastruchure g30 3.68268 55700 0,00 424505
TOTAL 23.26] 700398 153023  1.917s0f10.475,24]

Table 5.11. Results in absolute value for the case study C. Values expressed in points
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Aquatic |Terrestrial| Terrestrial| Land
ecotoxdcity jecotixdeity| acid/mutr {occupation
. 1. Mon-lroigated arable land] (.(HT 1.13% 017 ey 1274  251%

Total

2. Permanent irrigated land 000% 000  000% 0 0,00%

. 3. Areas of pastures 0,00%; 058%  000% 000%]  0.68%

. 4. Permanent grows 0,00%| 0,005 0, 00| 000%] 0,008

5. Mixed Crops. 0.12%|  30.00% 3,74%] 00| 33.85%

otal Agriculture 0,13%| 31707 4% 1,27 3704

lindustrial Activities om%]  oootd oo  19a] 193t
[Land Use Urb. Cont. noox]  ooow  ooow o0 0.00%
[and Use Urb. Dise. poon 000 5355  1512% 2047%
Total Urban o] o00% 535t 1512% 2047
fitail Roads — oox] 000 0,08% 0,00%]  0,03%
fRoads 008w 3515w 5.20% 0,00%] 40,53%]
Total Infrastructure 008%|  3516%|  532% 0,00%] 40,55%
TOTAL 022%  eese]  1as1%  18.31%) 100.00%

Table 5.12. Relative results for case study C. IMPACT 2002+ methodelogy

Impact by Damage Category for case study ©
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Figure 5.13. Damage Categories relative contribution with Impact 2002+, case study

Teeniche per In Progentinmone & YValumesne Ambrilals
CCIREP 30 -2



[ 100% - Impact Categories contriulion for case study C
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Figure 5.14. Impact Categories contribution in relative values, case study C
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Figure 5.15. Summary for Impact Categories in case
6. ANALISYS

This chapter has the same structure as Chapter Five. In first place, the ReCipe 2008 resulis
are compared between the sites, then each IMPACT 2002+ applied 1o each case study, and
finally the comparison between methodologies is shown to describe the differences between
them and the reasons for the difference between methodologies.
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6.1. ReCipe 2008 results comparison

As a first approach, the total results are compared. As it is shown in table 6.1, for the
ReCipe2008 methodology, the most harmful site for biodiversity is the one of the case study
C with 1,440 PDF specie-year, and the site that inflicts less damage to the local biodiversity is
the case study B with |,230 PDF specie-year.

PDF specie'y
Case Study A 1,295
Case Study B 1,230
Case Study C 1,440

Table 6.1. Absolute results for each case study using ReCipe 2008

As it is shown in the description of the sites, the impacting area of the case study C is not
the biggest one, indeed it is just of 73% of the PA, while the ones from case A and B are 75%
and 78% respectively. On the other hand for case study C, inside the Influence Area (IA), 1t is
clear that the land use is distributed between Urban fabric and Agriculture by 29% and 50%
respectively, while in the other cases there is a predominance of the agricultural land use
inside the Influence Area circle.

Apparently, this results show that the occupation inside the Influence Area play an
important role in the final value of the result using the ReCipe 2008 methodology. This fact
can be proved when the values of non influent areas are compared between the three case
studies. Indeed, and almost as a contradictory fact, the case study C is the one with more non
influent area (7.624 ha), followed by case study A (5.773 ha), and case study B (5.517 ha).

As a matter of fact, it is possible to say that the amount of sensible areas around the site
studied is not related with the anthropic pressures or the threat for biodiversity in that
determined zone.

Another approach that can be used in the results comparison is to analyse the impacts on
biodiversity in two ways. The impact in terms of each Driving Force, and the impact in terms
of each category in which this is divided (Ecotoxicity, Eutrophication and Land occupation).
This segmentation allows the identification of the main causes of biodiversity loss in the areas
analysed.

The table 6.2, shows the Driving Forces impact contribution for each one of the cases. For
all of them is clear that the impact due to agriculture is clearly important. In fact, for the three
cases it represents more than half of the total value. Moreover, in the three case studies, the
second most important Driving Force is the Urban Land (grouping emissions and land
occupation), then the industry and finally the infrastructure impact.
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SUMMARY TABLE FOR DRIVING FORCES

Agriculture | Industrial | Infrastructure | Urban
(Case A 91,124% 3,500% 0,113%] 4,862%)
Case B 80,042% 4 BIB%| 0,770%§ 14,361 %)
[Case C 61,070%| 5,311%)| 2,296%| 31,323%

Table 6.2. Driving Foerces comparison for the ReCipe 2008 methodology

However, this data alone is not useful at all because it does not take into account the land
distribution for each case study. As a consequence, table 6.3, shows a combination between
the distribution of the impact according to the Driving Force and the land distribution

presented in the fourth chapter (table 4.11, section 4.4).

Driving Force Occupied Influent area
Impactin % |portion of PA %
Case tAgriculture 91,2% 68,7%
stady A Hndustrial 3,9% 11%|  74.7%
rban 4,8% 54,9%
Case  |Aericulture 80,0% 55,1%
Study B firidustrial 4,8%) 2,0%  782%
[Urban 14,4%) 21,2%
Case |AgTicUlture 61,1% 61,4%
Stady C Induastrial 5,3%: 1,2%| 72,6%
fUrban 31,3% 10,0%

Table 6.3. Comparison between land occupation {PA) and impact given the Driving Forces

In case study C, it is shown that the impact due to agriculture represents 61% of the total
impact, while in case A (which has 68,7% of agricultural area), the impact due to this Driving
Force goes over 90%. This difference is explainable for the different agriculture types in the
case studies. Indeed, this difference is seen in table 6.4, which shows the direct comparison

between the different areas in each case study.
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Case Study A Case Study B Case Study C

Influence Fressure Influence]| Pressure |Influence| Pressure

Area (IA) :‘lj:‘; Area (IA) | Area (PA) | Area (IA) | Area (PA)
Agr. 1. Non-Irrigated arable land 3.757] 6.267] 2.694 7.803 159 1.002]
Agr. 2. Permanent irrigated land 1.100 3.323 0 ) 0 0
[Agr. 3. Areas of pastures 306 560 1.063 2.322 71 208
Acr. 4. Permanent grows 0 105 0 0 0 0
Agr. 5. Mixed Crops. 1.226 5421 991 3.801 3.735 15.056
IAGRICULTURAL LAND TOTAL 6.389] 15.676 4 748 13926 3.965 16.266
[Industry - industrial Areas 259 259 501 501 327 327
Inf. 1. Railroads - 26 - 344 - 25
[nf. 2. Roads - 449 - 459 - 689
[Urb. 1, Continuous urban fabric 0 0 0 903 0 0
[Urb. 2. Discontinucus urban fabric 271 1.125 1.249 4.447] 2.260) 2.837]
[TOTAL URBAN AREA 271 1125 1249 53508 2.260 2.637]
[TOTAL AREA 6919 16801 6.498 19.276 6.552 18.903

All values reported in hectares (ha)

Table 6.4. Direct area comparison between the three case studies (ReCipe 2008)

Another issue that can be analysed is the Urban Occupation and the impact due to this
Driving Force. In case study B the Urban occupation is 21%, but its total impact (counting
emissions and land occupation), represents 14,32% of the total impact. In the other hand, in
case C, the urban occupation is 10% of the total area, but its impact goes over 30% of the
total.

These results are crucial because they show that even if the values obtained after applying
the methodology are close for the three case studies, they differ widely because their causes
are different in each case. For instance, in case A is almost all given by the impact of
agriculture; for case B is a mix between agriculture and urban impact, and for case C happens
the same thing but with a different mix of contributions.

The resulit of this comparison is shown in figure 6.1, which is a contribution diagram for
each one of the case studies analysed in this document.
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Figure 6.1. Contribution of each Driving Force for each case study analysed

It is clear that at least for the ReCipe 2008 methodology, and for the 3 case studies shown,
the impact due to the industries is not the more representative because in any of the cases it
exceeds the 6% of the total contribution. However it is notable that even if the occupation
proportion is similar, the impacts are very different. Thus, it is strong evidence that the
industrial processes can vary drastically with the emissions variation for each site.

In second place, the impact categories classification is shown in order to understand which
part of the environment is more damaged for the process that are made inside the study area
of each one of the cases. Table 6.5, shows the distribution of each one of these effects due to
Impact Categories.

SUMMARY TABLE FOR IMPACT CATEGORIES

Tmuh-tal‘ Freshwater I::E:rm:ﬂ@d%mdmﬁ

Case Al 1,34%] oot 188w 001 3,565 4,04
fase B 0,014 692%  001%  000% 65..-51%1 7,84%] 19,58%
fcase O 3,25% po1sd 1320 ooesd  aseaw) 43 3029%

Table 6.5. Impact Categoaries comparizson for the three case studies with the ReCipe 2008 methodology

After analysing the table is clear that the Agricultural Land Occupation (AL() is the most
important factor despite the place or the type of growth in the area. However it is important to

abserve that the Urban Land Occupation also weights in an important way for the case studies
B and C.

Now, given that the Agriculture is the most important Driving Force that contributes to
the final index, and that the ALO is the most important Impact Category, it is clear that the
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final result is affected mostly by the land use and not by the water and air emissions.
Furthermore, confirming the importance of the land occupation, it is notable that the relative
values of each one of the land occupation (industrial, urban and agricultural), tend to be the
highest values for each case.

MNevertheless, in case B is notable that the freshwater eutrophication has relevance almost
as important as the Industrial Land Occupation. Besides, for case study C. the Terrestrial
Ecotoxicity overtakes the Industrial Land Occupation. This leads the initiative to group all the
land occupation categories to build the table 6.6, which serves as a base to the figure 6.2 that
shows the relevance of the impact categories.

SUMMARY TABLE FOR IMPACT CATEGORIES
Terrestrial | Freshwater | Terrestrial | Freshwater Land
acidification | eutrophication | ecotoxicity | ecotoxicity | Ococupation
Case A 1,34% 0,01 %4 1 1% a6, 75%
[Case B 0,01%] e 0,00%] 43,05%
fcase C 3,25%] oors] 1520 002 83.51%|

Table 6.6. Impact Category summary table, Aggregated land cccupation
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Figure 6.2, Contribution graphic for the Impact Categories effects

As it is seen in the figure, there are four main Impact Categories that are more important
than the others. In first place, the land occupation, far behind, Terrestrial ecotoxicity and
acidification, and last but not least the freshwater eutrophication.
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6.2. Impact 2002+ results comparison

The IMPACT 2002+ results show a different panorama than the ones presented for
ReCipe 2008. Indeed, the absolute results show that the most harmful case for biodiversity is
not case study C, but case study B. These results are shown in table 6.7. In fact, it is
interesting the fact that the results vary for the two methodologies. For the IMPACT 2002+,
the most harmful case study would be case B, followed by case C, and the less harmful case is

A.

Points

Case Study A 9.623,69
Case Stady B 12.397,25
Case Study C | 10.475,24]

Table 6.7. Absolute results for each case study using IMPACT 2002+

Studying the case study B is clear that this is the site that has more influent area in relative
values than the other two sites. 78% for case B, 75% for the case study A, and 73% for the
site C. All the values are referred to the Pressure Area, presenting the complete surface of
each one of the case studies.

As a consequence, It s possible to say that at least for the three case studies presented, the
amount of influent area is important for the IMPACT 2002+ methodology, and as the land
occupation grows, the pressure index will grow too.

The results for the application of the IMPACT 2002+ methodology are presented in two
comparative tables (table 6.8 and table 6.9), leading to the construction of two contribution
graphics that show the contrast between the three different case studies analysed in this

document.

Aquatic | Terrestrial | Terrestrial Land
ecotoxicity| ecotoxicity | acid/mutri | occupation

Case Study A 0,17% 45,89% 7,95% 45,99%
Case Study B 0,59% 24,70% 28,69% 46,02%
KCase Study C 6,22% 66,86% 14,61% 18,31%

Table 6.8. Comparison between the relative impacts of each midpoeint category (IMPACT 2002+)

Total Industrial Total Total
Agriculture] Activities | Urban [Infrastructure]
[Case Study A 80,10% 1,65%| 4,46% 13,79%
Case Study B 52,48% 5,90%)| 30,66% 10,96%]
Case Study C 37,04% 1,93% 20,47% 40,55%i

Table 6.9. Comparison between Impact Categories contribution IMPACT 2002+)

MTTECGUHY CGITES ANALISYR FOR THE PRESSURE SWVALUATION ON BEANVERSUSY UsNG FHREL CAST ST N 47
Ao Procis Ribeo

Veviviche s Progeliggione ¢ Valotaone Aanbienlale

COREY 20102011




Figure 6.3 shows the comparison between the Impact Categories impact on each casc
study. As it can be proved the distribution gives less weight tu‘thn'land pccupation category,
contrary to what is shown in the ReCipe2008 methodology application.
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Figure 6.3, Impact eategory comparison, IMPACT 2002+ methodolngy

When the data is analysed from the perspective of the Midpoint Categories, the figure 6.4,
serves as a simple comparison, taking into account all the four factors that the methodology
takes into account,

Midpaint Categories contribution (Impact0nzs} e il

s3485385334%
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1r

Came Spudy A i Sty B s Study O |

Figure 6.4, Midpoint Categories comparison nsing IMPACT 2002+
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The comparison between the area occupied by each midpoint and its relative impact using
the described methodology can be made again in this case, giving as a result the data shown in
table 6.10 below.

D;; v::g Portion of
F land Influent area
Impact on jed o
o, occupied %)
\Agriculture 80,1%) 68,7%:
i 7% 1%

Case study A [ndustrial L7% L% g7y,
Urban 4,5%) 4,9%|
Infrastructure {km) 13,8%] 475
Agriculture 52,5% 55,1%

Case Study B oaustrial 5,9% 299 ygou
Urban 30,7%; 21,2%
Infrastructure {am) 11,0%| 493
\Agriculture 37,0% 61,4%
Indusimal 1,9%| 1,2%] o

Case Study C Urban 20,5%) 10,0% 726%
Infrastructure {(km) 40,55%; 714

Table 6.10. Direct area comparison between the three case studies ([MPACT 2002+)

The table above shows clearly that at least for the agricultural case, the impact goes up
while the occupation does too. In fact, if there is a considerable portion of land occupied with
agriculture, as in case A (68,7%), there is a considerable impact due to this Driving Force
(80,1%).

Furthermore, the amount of infrastructure inside the area of study seems to have a relevant
meaning. This will be proved when the methodologies are compared head to head. For now, it
can be seen that the case with more gross infrastructure, which is case study C, has a 40,55%
influence due to this Driving Force. Indeed, in this case study the infrastructure overwhelms
the agriculture in contribution to the total value of the pressure index. The case should be
revised carefully since it is the only one in which this kind of result happen even counting the
ReCipe 2008 results.

However, in cases like the Industrial contribution to the index, it is noi clear how it
contributes to the final value. This happens again, because the contribution of this specific
Driving Force is determined by the emissions of the different sites of the studied area, and in
the cases presented, the emissions are quite different.

6.3. Methodology comparison

Firstly, it is interesting to analyse the main results of the methodologies used for the case
studies. In the case of the ReCipe 2008 methodology, the most harmful case study for
biodiversity is C, followed by case A and the less harmful is case B. On the other hand, for
the IMPACT 2002+ methodology, the most harmful case study for biodiversity is case B,
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followed by case C and the last in this order is case A. Table 6,11 shows the absolute results

for each one of the methodology.

ReCipe | IMPACT 2002+
2008 (BLP) (Points)
Case Study A 1,295 9,623,690
Case Study B 1,230 12.397,250)
Case Study C 1,440 10.475,240

Table 6.11. Comparison between methodology results

Going on with the comparison, and highlighting the differences in the results, it is
interesting to observe the contribution on each Driving Force to the total result. Indeed, this
relative values are quite different between both methodologies. Table 6.12 shows the
difference between each Driving Force considered for the study.

Total Agriculture Industrial Activities Tatal Urban Total Infrastructure
IMPACT IMPACT IMPACT IMPACT
[ReCipe2 i i i
eCipe2008 2002+ {ReCipe200 2002+ ReCipe2008] 2002+ ReCipe2008 2002+
Case Study A 91,20% §0,10% 3,90% 1,65% 4,86% 4, 46% 0,11% 13,79%
Case Study B 80,04% 52,48% 4,83%] 5,90% 14,36% 30,65% 0,77% 10,96%|
Case Study C 61,07% 37,04%; 5,31% 1,93% 31,32% 20,47% 2,30% 40,55%

Table 6.12. Comparative values between Driving Forces for each methodology

As another interesting issue, these contributions to the index values can be compared
again with the land occupation described in chapter four. Table 6.13 shows a summary of the
information given in tables 6.3 and 6.10.

1 P:;rl:lon O,f d DF Values for | DE Value for {Non influent
e °;°“P“ IMPACT 2002+ ReCipe 2008 area
[agriculture 68,7%) 80,1% 91,29%
Case [Industrial 1,1% 1,7% 3,9%
74,7%
jstudy AlUrban 4,9%) 4,5% 4,8%
finfrastructure (km) 475 13,8% 0,11%
icalture 55,1%) 52,5% 80,0%
Case dustrial 2,0%| 5,9% 4,8%|
78,2%
Study BfUrban 21,2% 30,7% 14,4%
linfrastructure (km) 493 11,0% 1,27%
Case [PETiCEINITE 61,4% 37,0%) 61,1%
3¢ Mndustrial 1,2% 1,9% 5,3%
Study = 72,6%
¢ [Gmban 10,0%) 20,5% 31,3%
Hnfrastructure (km) 714 40,6% 2,3%

Table 6.13. Summarized comparison between driving forces and land occupation

As shown in the table above, for case A and B the most important Driving Force that
contributes to the final value of the index is the agriculture, using both methodologies.

Teeniche per b
TR 220

i e Y ululisene ASsbientads

VEFORTHE PRESSURE CVALUATION ON BIODIVERSTY USING THRER CAST STUHRIES

50




However, for case C the most determinant is the Infrastructure, when using IMPACT 2002+,
In fact, it is interesting to observe that the impact of the Infrastructure changes considerably in
all the case studies between both methodologies. From a 0,11% in case A using ReCipe 2008,
it goes up to 13,8% when using the IMPACT 2002+ methodology. It means, about one
hundred times the first value. This situation does not change for the other case studies, indeed,
lor case B the contribution of Infrastructure goes up almost ten times between methodologies,
while in case C this relation is almost 20 times.

Besides, it is interesting the fact that the methodology IMPACT 2002+ seems to reduce
the relevance of the contribution that has the agriculture in all the cases. As a matter of fact,
for case A there 15 a reduction of 10%, in case B it goes almost to 28% and finally for case C
it goes to 24, 1%,

The graphic comparison between the case studies is shown in figure 6.5, for case A
figure 6.6, for case B, and figure 6.7, for case study C.
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Figure 6.7. Driving Forces comparizon for case study C

On the other hand, the Driving Force relative to the industrial activities changes less than
the categories mentioned before. The maximum change observed is the case study C in which
a chanpe of 3,38% is observed. Now, the industrial Driving Force contribution can be
understood as the most variable one. However, this variation can be explained as the
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industrial emissions for each case study are substantially different. Thus, the industrial
contribution comparison in the case A shows that when running the ReCipe methodology, the
result is bigger than the one obtained when running the IMPACT 2002+ methodology.

It is clear that the IMPACT 2002+ methodology gives more relevance to the presence of
Agriculture, Urban areas and Infrastructure, while the ReCipe 2008 focuses its method in the
Agricultural Driving Force. Indeed, for the three case studies the contribution of this Driving
Force is always superior to 50%, while in the other categories there is just one time that go
over the 20%.

Another interesting comparison is the weight attribution of the Impact Categories. Since
the categories vary from one methodology to another, those are grouped into pressures and
land occupation. This means that with this comparison the reader is able to recognize the
weight of the land occupation against the one from the pressures generated on biodiversity.
Table 6.14 shows the relative results for each one of the methodologies used in each one of
both cases.

Land Occupation Pressures
ReCipe2008 IMPACT2002+] ReCipe2008 IMPACT2002+
Case Study A 96,75% 45,59% 3,25% 54,01%
Case Study B 93,05% 46,02% 6,95%] 53,98%
Case Study C 83,51%] 18,31%; 16,49% 81,69%

Table 6.14, Comparison between impact categories in each methodology

The first impression of the tabile above is that the ReCipe methodology gives absolute
relevance to the land occupation factor, while for IMPACT 2002+, there is a more balanced
distribution. Indeed, every result given by ReCipe 2008 shows more than 80% of influence in
the Land Occupation category. Instead, the IMPACT 2002+ methodology shows that in
general pressures (emissions), are more important than the land use.

In fact, for the table results in case C there is a contribution of 81,69% due to pressures,
then, case study A shows a pressure contribution of 54,01% and finally, for case study B the
emissions contribution is of 53,98%. As a general rule the pressures are more important for
the IMPACT 2002+ methodology than for the ReCipe 2008.

Figure 6.8 shows the comparison between the values shown in the table above. Clearly,
the results shown by the IMPACT 2002+ methodology are way more balanced than the ones
showed by ReCipe 2008. The green bars show the results for the methodology used by the
company (ReCipe 2008), and the blue bars show the results obtained by IMPACT 2002+.
Besides, the dotted bars show the results for land occupation, while striped bars show the
gross results for the pressures.
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Figure 6.8. Gross comparison between both methodologies. Land Dccupation and Pressures considered

7. CONCLUSIONS

The validation of the methodology used by Studio Fieschi for the evaluation of anthropic
pressures on the different sites using the three methodologies selected (GLOBIOJ, IMPACT
2002+ and ReCipe 2008), lead to the following statements that should be taken into account
for further investigation and to complement the works done.

As a first approach, the methodology GLOBIO3 is not applicable to the work done by the
company since it is a methodology that has already taken into account all the pressures and
works in & frame that is too big to the scale needed for the regional biodiversity. Moreover,
this methodology has already a calculation of the biodiversity quality in each zone where it
was applied. It means that in the end it also quantified the anthropic pressure on each
environment.

When talking about the results for the methodology used by the company (ReCipe 2008),
it can be said that the land occupation category has the most important role in the total value
of the index thrown by the methodology. This is an important issue when talking about
reducing the pressures on biodiversity because changing the land use inside an area of around
20.000 ha is a matter that requires the collaboration of authorities, policies and govemment
plans that can go according to the results of the studies done.

The initial results show that the most harmful case study is case C, followed by case A
and finally case B. Despite the distribution, and taking into account just the first look of the
sites, these results make sense. Since case C is the most urbanized one, it is reasonable that
this is the site with more impact on local biodiversity. However, this is not true at all, because
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the most anthropized environment is the one from case B (less area with no impact on the
environment), and it is the less harmful for the environment in terms of BLP.

Furthermore, the ReCipe 2008 methodology gives a lot of relevance to the agricultural
and urban Driving Forces. As a matter of fact, the results show that more than 50% of the
total value in the three case studies is due to the agricultural land use. This is also an
interesting point. Despite the difficulties in changing the activities, probably changing the
agriculture type or just controlling it can reduce substantially the value of the anthropic
pressures using this methodology.

On the other hand, it is clearly visible that the impact due to industries or infrastructure is
not that representative when using the ReCipe 2008 methodology. In fact, given the
contribution of the industrial activities to the total value of the pressure index (Case A: 3,90%,
Case B: 4,83%, Case C: 5,81%), it is clear that slow improvements on the quality of the
industries won’t change in a visible way the values of the index through time.

The issue of the infrastructure can be explained easily by the fact that it is not considered
as an activity that occupies land, but as an activity that just generate pressures in the
environment. More clearly, if the methodology assigns higher values to the land occupation,
and the infrastructure is considered as a zero area activity, it won’t weight in the final value in
a representative way. The solution to this issue can be the assignation of an area to each km of
infrastructure and considering its space occupation.

Now, the benefits shown by ReCipe 2008 can be summarized as follows: It takes into
account more factors than the other methodology that was applied. In fact, it has associated
valued to the categories that IMPACT 2002+ does not (aquatic eutrophication and
acidification). Second, it is the most recent of the methodologies tried. This can be seen as a
vantage or a disadvantage at the same time, because there might be some values that need to
be recalibrated in order to get more satisfying results,

For the specific case of the company and the results on the three different case studies, the
team expected higher values from the case study C than for the other case studies because of
the regional conditions and of the type of industries found in the place of study. ReCipe 2008
was able to give these results after applying the methodology; however the final difference
was not as high as the evaluation team expected.

On what refers to the IMPACT 2002+ methodelogy, or the confrontation methodology,
the results showed some interesting issues. First of all, this is a methodology that is still under
development and improving. It does not have any values for the aquatic acidification or
eutrophication, which makes it (in a certain sense), an incomplete methodology for cases in
which the presence of freshwater or sea represent an important portion of the place that is
studied. Although the three case studies had freshwater represented by rivers, this
methodology was applied, and the resulis are a good point of comparison between IMPACT
2002+ and ReCipe 2008.

The results of the application of IMPACT 2002+ were substantially different from the
ones obtained when applying the first methodology. The most harmful case study in
biodiversity terms was case B, followed by case C, and as the less harmful was case A. This
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discrepancy between both models can be explained with the land occupation consideration,
and the relevance of categories that ReCipe may not take into account in a complete way.

As a first difference, the land occupation factors vary in a substantial way. This can be
proved with the impact due to the different driving forces. While on the ReCipe 2008
methodology the land occupation represented always more than 80% of the total index, in the
IMPACT 2002+ this same value never went over 50% of the gross impact. Instead, this last
methodology always took into account as more harmful the pressures generated by the
emissions of each Driving Force.

For instance, in the case of Infrastructure, the IMPACT 2002+ model gave more relevance
to this driving force. In fact, it was able to put it as the second most relevant Driving Force in
the case study A, and as the most relevant in the case study C. This clearty shows that if there
is any improvement in transportation, the final value of the IMPACT 2002+ index will be
touched in a sensible way.

However, not all the emissions that can be controlled easily have a considerable weight in
the IMPACT 2002+ model. The case of the industrial Driving Force is a clear example. The
higher relative value that the Industrial activity had in the three case studies is represented by
case study B, where it took 5,90% of the total value, while in case A and case C it took 1,65%
and 1,93% respectively.

The difference between these values is explainable because of the amount of industrial
emissions in the areas. While case A and C had less emission values than case B, and fewer
industries in their terrains, they got a minor value in the contribution of this activity to their
gross pressure index.

The IMPACT 2002+ methodology also has substantial benefits. As it was shown in the
comparative figure of the Impact Categories using this methodology (figure 6.4), the
percentage of contribution of each category varies depending on the case, and it does it more
sensibly than with the contribution analysis of the ReCipe 2008 methodology (figure 6.2),
where the graph is clearly dominated by the land occupation issue.

Concluding, the ReCipe 2008 methodology is valid for the evaluation of human pressures
on biodiversity. However, it is an index strongly affected by land occupation; therefore great
changes on it require changes on land use around the analysed site. On the other hand, the
IMPACT 2002+ model is built on a base that give the emissions more relevance (or at least
equal relevance), to the land occupation issue, so it can be modified through time more easily
than the ReCipe model.

Table 7.1 shows the summary of the methodologies, and the conclusions that this study
took into account.
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Issue ReCipe 2008 IMPACT 2002+

Model used CA models
i
iInformation Used IEmission:s, Emission factors and Land Occupation Indexes
i
oints, normalized from PDF
i BLP (PDF i E ’
|'Un1ts ( specie year) pecie m2 year
. .  Aquatic acidification and
Omitted issues None Aquatic Eutrophication

For case study A and B,

n the three case studies  |agriculture is the main

[Main Driving Force  |agriculture is the main [Driving force. Instead for case
driving force jstudy C Infrastructure takes
the main place

K ase A and case C have a
relevant contribution of

or all the case studies the R . .
i Terrestrial Ecotoxicity, case B

and Occupation category

[Main Impact category overwhelms the other s mnw?lled by land
. ocairpation. However the
categories .
categories have a more even
distribution
Enhance the natural Reduce pressures by
[Improvement of the [potential of land is the controlling emissions can
biodiversity main corrective action to be fhave a great impact on
conditions taken with this reducing the pressures on
methodology biodiversity
Ont licable i
Y app 1ca1:.| em The Ecosystem Quality is
tempered regions. The )
) currently underestimated due
Methodology meaning of the Ecosystem .
oo o jto the lack of categories
imitations Damage indicator can be . .
. . (Aquatic eutrophication and
uncertain due to its e
. acidification}
heterogeneity

Table 7.1, Counclusions summary
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