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Abstract /Executive summary

Introduction

Areas with Natural Constraints ( ANC, previously referred as
LFA) designates areas where agricultural production or activity is more difficult because
of natural handicap s and therefore there is a significant risk of agri cultural land
abandonment . The scheme compen sates for the natural disadvantage.

Ecosystem services are the benefits people obtain from ecosystems (MA, 2005).
They are derived from ecosystem functions and represent the realized flow of services
for which th ere is demand ( (Maes, 2013) MAES, 2013). Ecosystem functions/capacities

are defined as the capacity to deliver ecosystem services (MAES, 2013).
The ANC scheme aims at maintaining the countryside and maintaining and
promoting sustainable farming systems . Therefore it can help to maintain or improve

certain ecosystem services and ecosystem services can increase agricultural
productivity, which can be important particularly in marginal areas.

Furthermore, it  contributes to the  fourth priority  of the rural development policy
restoring, preserving and enhancing ecosystems dependent on agriculture and forestry

Beyond these aims, the demand for a better targeting of areas with natural
constraints calls for the assessment of ecosystem services of these areas.

Objectives

The aim of the ecosystem service assessment of

Articles 31 & 32 of Council Regulation (EU) 1305/2013) at Europe an level is to gain
insight into the current status of ecosystem services (ES) supply, to develop a
classification system based on ES supply, and to evaluate the performance of the ANC
scheme. It can contribute to the better targeting of areas with natural constraints.

Methods

The report presents the proposed methodology for the assessment of ecosystem
capacities in less favoured areas. Ecosystem capacity refers to the potential of
ecosystems to provide services and it is an element of the ecosystem service cascade in
the conceptual framework for ecosystem service mapping and assessment (Maes et al.,

2013).

The methodology was tested for nine ecosystem services, including services from all of

the three main groups of services (provisioning, regulating and ma intenance, cultural;
Maes et al., 2013). The report shows the actual status of the ecosystem capacities in

less favoured agricultural areas compared to non -LFA agricultural areas.  The assessment
was elaborated for less favoured areas (LFA) delineated in 20 08/2009 as the new
delineation of ANC is currently under progress , covering 25 Member States of the EU

The methodology includes two main analysis: (1) comparison of LFA and non -less
favoured agricultural areas and (2) classification of areas within LFA.

The comparison of LFA and non -LFA covers three aspect s of ecosystem capacities: (1)
guantitative levels, (2) relationships (spatial trade -offs and synergies) among capacities

and (3) multifunctionality. Some possible examples are presented for the evaluati on,
comparison and classification of administrative units regarding to the ecosystem
capacit ies of their less favoured areas , testing them at NUTS2 level . These methods are

based on the comparison of the administrative unit level average/median values of each



service separately or  taking into account all services at the same time. The latter can be
obtained by

(1) statistical method: cluster analysis or

(2) by classifying all ecosystem capacity values in three classes as low, medium and
high, and then calculating the spatial extension of low, medium and high capacity areas
within the selected administrative units or

(3) by calculating the number of services potentially delivered at a minimum level at a
certain spatial resolution, in our case at 1km lev el, and then using this to calculate a
multi functionality index at administrative unit level

The ecosystem services included in the analysis are (1) provisioning services: cultivated
crops, reared animals, water provisioning for drinking and for non -drinking purposes; (2)
regulating and maintenance services: mass stabilization and control of erosion rates
(erosion control), hydrological cycle and water flow maintenance (water regulation),
maintaining nursery populations and habitats, pollination, global climate regulation and
(3) cultural service: physical and intellectual interactions with ecosystems.

The capacities of agro -ecosystems to deliver the above mentioned services were
approximated by the following indicators/proxies, respectively: (1) p rovisioning services:
cropland soil productivity (Toth et al., 2013) and crop production capacity, grassland soil
productivity (Toth et al., 2013) and grass production capacity, hydrological excess water

(mm) (Wriedt and Bouraoui, 2009); (2) regulating and maintenance services: erosion
control index (1 1T C-factor), water content at field capacity (cm3 cm -3), semi -natural
vegetation abundance (number of 25 m cells in 1km2 specified as semi -natural
vegetation) (Garcia -Feced et al, 2014), pollination potential index (Zulian et al., 2013)
carbon stock in the topsoil (t/ha in O -30 cm depth) (Lugato et al., 2014) and (3)
recreation potential index (Paracchini et al., 2014).

Results

The study revealed that  all of the studied ecosystem capacities are significantly different

in LFA and in non -LFA at EU level. Biomass provisioning capacities, i.e. capacity for
cultivated crops and for reared animals are the services most directly related to
agricultural production. Both are higher in non -LFA than in non -LFA. The only except ion
is the actual set of potential supply for reared animals provision that is higher in LFA due

to the higher share of grasslands . On the other side  LFA has higher capacity for all of the
studied regulating, = maintenance and cultural services.

Most o f the studied ecosystem services can be classified in three groups based on the
share of low, medium and high capacity areas in LFA and in non -LFA:

1. Mainly low capacity in LFA and high capacity in non -LFA: capacity for crop
provision, potential supply for reared animals provision, water provision.

2. Mainly high capacity in LFA and low capacity in non -LFA: capacity for erosion
control, habitat  maintenance, pollination and recreation.

3. The capacity is mainly medium in both LFA and non -LFA, and the share of
medium capacity is higher in non -LFA than in LFA: capacity for water regulation
and for global climate regulation.

The capacity for reared anim als provision was assessed in another way as well,
considering not only the soil productivity but also the spatial extent of land actually used
for grazing. This actual capacity for rea red animals is mainly low in both LFA and non -



LFA. Nevertheless, there  are more low capacity areas in non -LFA and more medium and
high capacity areas in LFA.

The spatial trade -offs and synergies among ecosystem capacities are similar in LFA and

in non -LFA at EU level, as it was concluded from the principal component analyses

In both LFA and non -LFA three bundles of capacities were observed showing spatlal
trade -offs between them and synergies among the capacities within the bundles: (1)
cultivated crops, (2) habitat maintenance, pollination, recreation, (3) reared anim als,
global climate regulation.

However, the synergies were rather weak, which means that there are no strong spatial

overlaps between the capacities.

At Member State level, the differences between LFA and non -LFA concerning the
guantitative level of ecosystem capacities vary greatly . The trade -offs and synergies
show moderate differences. The variability of natural conditions and the agricultural
systems throughout the studied area can be drivers for the differences, as well as the

variability of the national d elineation of less favoured areas.

In order to evaluate and classify areas within less favoured agricultural areas more
methods were tested and presented through some examples in the report.
1. Spider diagrams are proposed as a simple tool for the visualisat ion and
comparison of ecosystem services (capacities) of NUTS2 regions.

2. The cluster analysis classified the NUTS2 regions in three groups . The
interpretation of the resulted classes was supported by the hotspot - and cold -spot
m aps of the ecosystem capacities. The bundles

3. Maps are shown classifying NUTS2 regions in five groups based on the
multifunctionality index in their less favoured and non -less favoured areas,
respectively. Comparing the two maps , it can be seen that there are more NUTS2
regions with relatively high multifunctionality in LFA than in non -LFA, whereas
there are less NUTS2 regions with low scores in LFA. There are a number of
NUTS2 regions that scores higher in LFA than in non -LFA. Comparing the
multifunctional ity index calculated separately for provisioning and for regulating
services, it was revealed that in LFA it is higher for regulating services than for
provisioning services in most of the NUTS2 regions, except some regions in
Northern Europe. In non -LFA the relation between multifunctionality for
regulating and for provisioning services varies from region to region withou t
trends at continental level

Conclusions

The directions of the detected differences in ecosystem capacities  between LFA and non -
LFA at EU level are in line with the aims of the ANC scheme. The size of the differences,
greatly varying at Member State leve I, could be increased with a better targeting.

The developed methodology is flexible, it can be repeate d for the assessment of
ecosystem services of less favoured areas for all elements of the MAES conceptual
framework (Mapping and Assessment of Ecosystems and their Services, Maes et al.,

2013): function, ecosystem service, benefit, value.

It allows for the classification of less favoured agricultural areas concerning their
ecosystem services, likely with more precision if at country or regional level.

It can be applied at any suitable scales, administrative unit levels, as well as including

more ecosystem s ervices , depending on data availability . It is important to highlight that
the selection of ecosystem services and their indicators can have crucial effect on the
outputs.



The output maps can be used to locate and identify promising places, hotspots and co Id-
spots as well. Beyond the quantitative assessment of ecosystem services it can help to
explore conflicts and synergies among them.

The methodology allows for the screening and identification of Member States/regions
that (1) have greatly smaller or higher capacity for one or more ecosystem services
compared to the EU level and (2) in which the difference between less favoured and
non -less favoured areas is much smaller or even it is the opposite direction compared to
the EU level.

The analyses can be repeated for the areas with natural constraints when their
delineation will be ready and use the results for the evaluation of the perfo rmance of the
newly delineated areas as well as for comparing them with the currently delineated

areas. It can contribute to the better targeting of the ANC scheme.



1 Introduction

Ecosystem functions are defined as

the capacity to deliver ecosystem

services (MAES,

2013). Ecosystem services are the benefits people obtain from ecosystems (MA, 2005).
They are derived from ecosystem functions and represent the realized flow of services
for which there is demand (MAES, 2013). The Common International Classification of
Ecosyste m S ervices (CICES Classification) Version 4.3 (MAES, 2013) distinguishes three
main categories of ecosystem services: provisioning, regulating and maintenance, and

cultural services ( Table 1).

Tablel Commorninternational Classification otBsystentervices(CICES Classificatjarersion 4.3SourceMAES, 2013

CICES for ecosystem service mapping and assessment

CICES for ecosystem accounting

Animal-based resources

Section Division Group Class Class type
Provisioning |Nutrition Biomass Cultivated crops Crops by amount, type
Reared animals and their outputs Animals, products by
Wild plants, algae and their outputs Plants, algae by amount,
type
Wild animals and their outputs Animals by amount, type
Plants and algae from in-situ aquaculture  |Plants, algae by amount,
type

Animals from in-situ aquaculture Animals by amount, type

Water Surface water for drinking By amount, type
Ground water for drinking

Materials Biomass Fibres and other materials from plants, Material by amount,

algae and animals for direct use or type, use, media (land,
processing soil, freshwater, marine)
Materials from plants, algae and animals for
agricultiral wen
Genetic materials from all biota

Water Surface water for non-drinking purposes By amount, type and use
Ground water for non-drinking purposes

Energy Biomass-based energy sources  |Plant-based resources By amount, type, source

Mechanical energy

Animal-based energy

By amount, type, source




CICES for ecosystem service mapping and assessment

CICES for ecosystem accounting

Section Division Group Class Class type
Regulation & [Mediation of waste, toxics andMediation by biota Bio-remediation by micro-organisms, alggBy amount, type, use,
Maintenance |other nuisances plants, and animals media (land, soil,

freshwater, marine)

Filtration/sequestration/storage/accumulaj
on by micro-organisms, algae, plants, ang
animals

By amount, type, use,
media (land, soil,
freshwater, marine)

Mediation by ecosystems

Filtration/sequestration/storage/accumulaj
on by ecosystems

Dilution by atmosphere, freshwater and
marine ecosystems

Mediation of smell/noise/visual impacts

By amount, type, use,
media (land, soil,
freshwater, marine)

Mediation of flows

Mass flows Mass stabilisation and control of erosion |By reduction in risk, are
rates protected
Buffering and attenuation of mass flows

Liquid flows Hydrological cycle and water flow By depth/volumes

maintenance

Flood protection

By reduction in risk, are
protected

Gaseous / air flows

Storm protection

By reduction in risk, are
protected

Ventilation and transpiration

By change in
temperature/humidity

Maintenance of physical,
chemical, biological condition

Lifecycle maintenance, habitat
and gene pool protection

Pollination and seed dispersal

By amount and source

Maintaining nursery populations and
habitats

By amount and source

Pest and disease control

Pest control

Disease control

By reduction in
incidence, risk, area
protected

Soil formation and compositionWeathering processes By
amount/concentration
and source

Decomposition and fixing processes

Water conditions Chemical condition of freshwaters By

amount/concentration
Chemical condition of salt waters
Atmospheric composition and |Global climate regulation by reduction of [By amount,

climate regulation

greenhouse gas concentrations

Micro and regional climate regulation

concentration or climati




CICES for ecosystem service mapping and assessment

CICES for ecosystem accounting

Physical use of land-/seascapes in differe

ani tal ey

Section Division Group Class Class type

Cultural Physical and intellectual Physical and experiential Experiential use of plants, animals and la|By visits/use data, plant
interactions with biota, interactions /seascapes in different environmental animals, ecosystem typ
ecosystems, and land- settings
/seascapes [environmental
settings]

ecosystems, and land-
/seascapes [environmental

Intellectual and representative |Scientific By use/citation, plants,
' ' Educational -
Heritage. cultural
Entertainment
Aesthetic
Spiritual, symbolic and other [Spiritual and/or emblematic |Symbolic By use, plants, animals,
interactions with biota, ecosystem type

settings]
Sacred and/or religious
Other cultural outputs Existence By plants, animals,
feature/ecosystem type
Bequest
Areas with natural constraints (ANC, previously referred as oI

designates areas where agricultural production or activity is more difficult because of

natural handicaps and therefore there is a significant risk of agricultural land
abandonment, and compensates for the natural disadvantage. Areas are classified in
three categories  (Article 32, Council Regulation (EC)  1305/2013 ):

(1) M ountain a reas handicapped by short growing season due to high altitude or to steep
slopes or to both;

(2) Areas facing significant natural constraints;

(3) Areas affected by specific constraints ( areas where farming should be continued in
order to conserve or improve the environment, maintain the countryside, preserve the
tourist potential of the areas or protect the coastline).

Despite ANC scheme is structurally distinct from the agri -environment measure, it
clearly contributes to environmental objectives. It supports continued agricultural
management in areas where farming is important from an environmental perspective,
promoting sustainabl e land management. It aims at the maintenance of valued open
landscapes, semi -natural habitats and biodiversity. It contributes to the fourth priority of

the six Union priorities for rural development (Article 5, REGULATION (EU) No

ess favi

on agr
regul ati

1305/2013 OF THE EUROPEA N PARLI AMENT AND OF THE COUNCI L) , t
preserving and enhancing ecosystems dependent

it i s denomi nat ed i n Focus Area 4a of t he

preserving and enhancing biodiversity, including in Natura 2000 areas, and in areas

facing natural or other specific constraints, and high nature value farming, as well as the

state of European | andscapes©o.

The incorporation of ecosystem protection and restoration into the Common Agricultural

Policy was further endorsed by the EU Biodiversity Strategy (European Commission,
2011) (Maes et al.,, 2013). It aims to halt the loss of biodiversity and also the
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degradation of ecosystem services in the EU by 2020. It assumes that the protection of
ecosyst ems and their services results in favourable effects on habitats and species
conservation status. As it has been proved that focusing only at protected areas and
species is not enough, semi -natural and agricultural land, moreover sustainable
agriculture ar e also targeted in the strategy (Maes et al., 2011).

Therefore, the assessment and monitoring of the performance of agricultural areas and
in particular areas facing natural or other specific constraints is essential to support the
evaluation of the rural development policy

The maintenance of extensive agricultural activity in rural landscapes is important for
biodiversity, which is confirmed by the high number of species closely associated with

farmlands and grassla nds in agricultural use (Tucker and Heath, 1994; Delbaere et al.,

2002). It is particularly true for High Nature Value farmlands (Paracchini et al., 2008)

Both intensive land use and abandonment of agricultural land management can lead to

loss of biodiver sity (Marshall et al., 2003; Berendse et al.,, 2004 , Deguine et al. , 2014 ).
In marginal agricultural areas the extreme biophysical conditions and their specific
agricultural management can create higher landscape diversity and provide habitat for

specialized species ( Berger et al.,, 2006 ). Capacity for regulating services can be higher

due to the significant amount of plots without cultivation in most marginal parts, variable

timing of the farming activities from plot to plot and higher crop diversity driven b y
unfavourable conditions.

There are less studies about the effects of conversion to intensive production and/or land
abandonment on ecosystem services and especially for multiple services (e.g. Ford et

al.,, 2012, GoOmez et al., 2005 ). However, it is well known that the service flow of agro -
ecosystems depends on the applied agricultural practices and on the intensity of land
management ( Watson et al., 2000, Sandhu et al., 2008, Lipper et al.,, 2006 ). For
example in croplands, the regular ploughing, planting, and harvesting lead to loss of
organic matter, emitting carbon dioxide into the atmosphere. However, low carbon

farming practices (residue management, reduced tillage, ley cropping systems, etc.) can

contribute to the stabilization or increase in soil org anic carbon (Lal, 2004).

Less favoured areas  are expected to have lower capacity for biomass provisioning
services and higher capacity for various regulating and cultural services than more
favourable land . Therefore they can have high potential and demand for ecological
intensification (Doré et al., 2011) that means to increase the productivity of extensive

farming systems while maintaining sustainability by enhancing the regulating and

maintenance services delivered by agro - ecosystems. Also, the multifunc tional
management could increase the sustainability of these areas (Palese et al., 2013). This
emphasizes the need for a comprehensive ecosystem service assessment including

trade -offs and synergies among services. Mapping of the ecosystem services , identifying

hotspots and cold  spots can help to better target the scheme.

The methodology  proposed in present report for the assessment of  the contribut ion of
ANC to restoring, preserving and enhancing biodiversity and ecosystem services contains

(1) the map ping of their ecosystem  services ( capacities and actual flow) at different
spatial levels ,

(2) their classification and evaluation regarding to ecosystem services (capacities and
actual flow) ,

(3) their comparison with agricultural areas out of the scheme.

It allows for analysing spatial differences from three aspects: quantitative level, (2)
relationships (trade -offs and synergies) among services and (3) level of

11



multi functionality. The assessment based on this methodology can answer the following
guestions:

(1) What is the quantitative level and spatial distribution of ec osystem services in
ANC at different spatial levels?

(2) Are there spatial differences within ANC concerning certain  service s and the
overall performance ? Where are the hotspots and cold spots?

(3) Do ANC perform differently from other agricultural areas ( have higher or lower
capacities and/or actual flows )?

A new ANC delineation is not y et adopted in all Member States (  current process until
2017) , so the assessm ent wa s performe d for the LFA delineation used at present . It can
be repeated for the new ANC when it will be finalised

The method was applie d to ecosystem capacities as a first step, and it can be expanded
to actual service flows as a next step . This approach follows the recommendation of
Hansen and Pauleit (2014),i. e.i  mportant capacities (functions) of agro - ecosystems not
covered by actual (demand and) supply of ES should be included in a multifunctionality
assessment, otherwise some potential but important services can be left out .

The methodology contains a Iready introduced indicators, data and follows
recommendations from EU wide assessments (Maes et al., 2011, , Paracchini et al.,
2012, 2015 , Toth et al., 2013, Zulian et al., 2013 a, 2013b , Egoh etal, 2014 ., Dick et al.,
2014 ). Most of the ecosystem service assessments at EU level covers all land uses but
there are some specifically focusing on agro -ecosystems (Paracchini et al., 2012 , Garcia -
Feced et al., 2015 , Paracchini et al.,, 2015 ), and Maes et al. (2013) gives specific
recommendations for ecosystem mapping and assessment for croplands and grasslands

The objective of this report is to assess the capacities of less favoured areas for
ecosystem services, to propose a replicable methodology to classif y agricultural areas
based on their ecosystem service s and to evaluate the performance of the ANC scheme.
It can contribute to the better targeting of the ANC.

2 Data

2.1 Agricultural area , less favoured areas
The agricultural area  in EU27 was mapped by

1 the 1lha -resolution Corine Land Cover 2006 Version 17 (12/2013) (and Co rine
Land Cover 2000 for Greece - missing in CLC2006) database (European
Environment Agency ),

1 the spatial database of high nature value far mlan d (Paracchini et al., 2008) and

91 theu tilized agricultural area (UAA , Source: CAPRI, reference year 2004)

The less favoured areas (LFA) correspond to  the delineation used in 2008/2009 (article

18, article 19, and article 20 of Council Regulation (EC) 1257/1999, DG AGRI internal

dataset ).

2.2 [Ecosystem service indicators

The denomination of the ecosystem services is based on the classes of CICES
Classification Version 4.3 (MAES, 2013). The selection of ecosystem services was done
based on the following criteria:
1 the relevance from the aspect of maintenance of extensive farming, beneficial for
the environment

12



1 data availability.

The relevance from the aspect of extensive farming means that the ecosystem service

can be delivered and used by human s along with maintaining farming . Therefore for
example, using soil as raw mat erial is not relevant.

Data availability is important as we should obtain a comparable and transparent system.

Therefore we need common indicators for which data is available for the whole area.

The indicators and data used for evaluating the capacity of ecosystems to deliver
services are summarized in Table 2.

Table2 Ecosystem services and the indicators for the capacity of ecosystems in less favoured areas to deliver the services,
with the data used for the indicator atite sources of data indicated.

Ecosystem Ecosystem service Indicator for capacity Data (source)

service section

Provisioning Cultivated crops Cropland soil productivity] Cropland soil productivity
(dimensionless index) index(T6th et al., 2013)
and Cropland share (CLC
Crop production capacity| 2006 and 2000)

Reared animals and their outputs| Grassland soil Grassland soil

productivity productivity index (Tdh
(dimensionless index) et al., 2013)
and Grassland share (CLC

Grass production capacit] 2006 and2000)
Ground water for drinking and for| Hydrological excess wate Hydrological excess
nontdrinking purposes (mm) water (Wriedt and
Bouraoui, 2009)

Regulating and | Mass stabilization and control of | Erosion control index (1 | C-factor, share of crops

Maintenance erosion rates C-factor) (CAPRI, Terres et al.,
(dimensionless) 2013)
Hydrological cycle and water flow, Water content at field Topsoil texture (Europea
maintenance capacity Soil Database, derived
(cm®cm?®) data, Hiederer, R.
201&,b
Pollination Pollination potential Relative Pollination
(dimensionless) Potential (RPP) (Zulian e
al., 2013a)
Maintaining nursery populations | Seminatural vegetation | Seminatural vegetation
and habitats abundance spatial database (Gareia
Feced et al, 2(8)
Global climate regulation Carbon stock in the Soil organic carbon stock
topsoil (t/ha in 630 cm (Lugato et al., 2014)
depth)
Cultural Physical and intellectual Recreation potential inde] Recreatiorpotential
interactions with ecosystems (dimensionless) indicator (RPI)

(Paracchini et al., 2014)

The selected indicators and the pros and cons for their selection are described below by
ecosystem services.  (P): provisioning, (R ): regulating and maintenance, (C) . cultural
ecosystem services. For some indicators more detailed information can be found in

Annex I, I lIl. IV. and V.

1. ECOSYSTEM SERMVCT#ivated cropgP)

Definition: Cultivated crops service includes the provision of all crops that are used
directly or indirectly as foodstuffs and energy production

Indicator: cropland soil productivity index . Spatial resolution: 1km.

13



The cropland productivity index (Téth et al., 2013)  is a dimensionless index that can be
used as an indicator for the capacity of the soil for crop production in croplands. Soill
productivity refers to the capacity to supply nutrients and water and thus produce plant

biomass at a given quantity. The model i ncludes soil, climate and topographic factors
(Annex 1) . It was built to reflect for rain -fed conditions. The index is created by
assessing the inherent soil productivity and then extending it with a management factor
(fertilization). Inherent productivit y in this context means soil productivity before human
interference.

Source : Téthetal., 2013

Strenghts and limitations : the cropland soil productivity gives information about the
soil productivity of all land, despite of current land use, i.e. the capacity of the land for
crop production when it is used for that. This can be used as an indicator for potential
supply. Iti s usable in case of potential land use changes, for land planning purposes for
example.

Soil productivity index is mainly determined by expert judgement. Various factors, such
as climate, soil water storage capacity, topography ( slope and aspect) effect s and the
expected productivity increase due to fertilization were taken into account.  The output

was validated with NPP (net primary production) data derived from remote sensing.

2. ECOSYSTEM SERVR&ared animals and their outputs (P)

Definition: Livestock services refer to animals raised for domestic or commercial
consumption or use.

Indicator: grassland soil productivity index. Spatial resolution: 1km.

The g rassland productivity index (T6thetal., 2013) is a dimensionless index that can be
used as an indicator of the capacity of the soil to supply nutrients and water and thus
produce grass . It is developed in parallel with the soil biomass productivity of croplands

but without fertilizer response factor . The other difference is that b oth are based on the
ranking of soils regarding to their | ong -term average inherent productivity , but the
ranking was done different ly for croplands and grasslands.

Source : T 6thetal., 2013

3. ECOSYSTEM SERWier provisionfor drinking and for non
drinking purposeqP)

Definition: The combined ecosystem service refers to the water available for drinking
and for other use such as domestic use, irrigation, livestock consumption and industrial
use.

Indicator: Hydrolog ical excess water

Hydrological excess water is the amount of water available for surface and groundwater
runoff calculated using a generic monthly rainfall -runoff model at sub catchment level
(Wriedt and Bouraoui, 2009)

HXS () = P*(t) - ETA(), where
P(*) = (effective) Precipitation (mm), ETA = actual evapotranspiration (mm).

ETA®M)= P*t)/[ U+ ( P*t/ETP®) *Y?  where
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P(*) = (effective) Precipitation (mm), ETP = potential evapotranspiration (mm),
a=1.5 .

Climatic data were taken from the MARS climatic database (Micale and Genovese 2004)
developed by MARS/AGRIFISH Unit of the Joint Research Centre. The database was
created by interpolating observations of meteorological stations across Europe to a 50

km square grid. Daily rainfall, potential evapotranspiration and snow depth are included
in the database for the time period 1990 T 2003.

Source: Wriedt and Bouraoui (2009)

4. ECOSYSTEM SERWGEESS stabilization and control of erosion
rates(R)

Definition: The capacity of ecosystems to control soil erosion.

It is based on the ability of vegetation (i.e. the root systems) to bind soil particles thus

preventing the fertile topsoil from being blown or washed away by water or wind (Maes

et al.,, 2011). Land use, topography , soil properties and climate (wind and precipitation)

are the predominant variables determining the magnitude of erosion. Vegetation helps
conserving soils and prevent the siltation of waterways and landslides.

Indicator : erosion control index.

The C-factor of the RUSLE model substracted from 1 is used as a proxy for erosion
control. The RUSLE model estimates soil erosion by water by means of an empirical
equation:

A= R KL SC St P, (Eql) where

A = (annual) soil loss (tha " yr'!), R = rainfall erosivity factor (MJ mm ha Thlyrt, K
= soil erodibility factor (t ha h ha 1 MJIt mm ™), L = slope length factor (dimensionless),

S = slope factor (dimensionless), C = cover management factor (dimensionless), St =

stoniness correction factor (dimensionless), P = human practices aimed at erosion

control (dimensionless).

The C factor represents the influence of land cover and cropping on soil erosion by
water .

C-factor data was obtained from CAPRI model ,in whichit was calcu lated on the basis of
the HSMU crops share and their respective crop -specific factors. Crop system factors
have been specified for all of the 41 crops types included in CAPRI, depending on their

physical and phenological features which can increase or decr ease soil erosion (i.e. soll
coverage, root structu  re, phenological stages, etc.). Some more information about the
indicator can be found in Annex 1.

Source : CAPRImodel (Terres etal., 2013)

Limitations, further work : the crop -specific ¢ -factor for some  cultivated crops can be
refined and differentiated more by member states for some crops, adjusting it to local
conditions. The effect of small -scale patches of semi -natural vegetation on erosion
control is not considered.

15



5. ECOSYSTEM SERWyHrological cycle and water flow
maintenance(R)

Definition: Hydrological cycle and water flow maintenance refers to the influence
ecosystems have on the timing and magnitude of water runoff, flooding and aquifer
recharge, particularly in terms of water storage potential of the ecosystem. We refer to it
also as w ater regulating services (Maes et al., 2011.)

Indicator: water content at field capacity. Spatial r esolution: 1 km.

Water content at field capacity is the amount of water that remains in the soil after
excess water drained away by gravity. Itis considered as the water retention capacity of

the soil. It was calculated from the soil texture data of the European Soil Database
(Hiederer, 2013 a,b)

Limita tion and further work : soil organic carbon content of the soil was not taken into

account, nevertheless it can influence water retention capacity. Water infiltration
capacity and water retention capacity of vegetation are not taken into account
Source: European Soil Database, derived data . Hiederer, R. (2013 a,b).

6. ECOSYSTEM SERWoHination (R)

Definition: Pollination services refer to the role ecosystems play in supporting the
transfer of pollen between flower parts.

Indicator: Pollination potential of agro  -ecosystems. Spatial resolution: 1km.

The pollination potential index (Zulian et al., 2013a) is the potential capacity of
ecosystems to provide pollination so refers to the ecosystem function. The applied
methodology was derived from the INVEST model (Kareiva et al., 2011) and it was
adapted to fit the continental scaled mapping. The short descrip tion of the model can be
found in Annex Ill.

Source: Zulian et al (2013a).
Strengths and limitations

It is the only one comprehensive database at EU level regarding to capacity for
pollination.

Its strength is that it combines the pollinator abundance and the floral resources
information and it takes into account flight distances and pollinator activity as well.

Its main limitation is that natural, semi -natural vegetation and landscape elements at

fine scale (hedges, ponds, ditches, etc.) hence also the po llination potential is
underestimated in agricultural areas, because of lack of data on these micro -features.
Furthermore, it is largely based on expert knowledge, and its validation is missing

because of poor data coverage with respect to the abundance of pollinator species at
European level.

7. ECOSYSTEM SERWGHNtaining nursery populations and
habitats (R)

Definition: maintaining habitats for plant and animal nursery and reproduction

Indicator: semi -natural vegetation abundance in agricultural land. Spatial resolution:
1km.

Abundance of semi -natural vegetation is the number of 25m cells in 1km 2 specified as

semi -natural vegetation ( Garcia-Feced et al., 2015 ). It is obtained by satellite image
classification, using various spatial databases for creating matching rules, for exclusion

of intensive agricultural vegetation and for validation (CLC2006, High Nature Value
farmlands, European Forest Map 2006, Riparian vegetation 2006, Energy Input indicat or
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based on CAPRI model, Areas with high seasonal variability in vegetation, LUCAS 2006).

Both large (extensive, semi -natural grasslands, agroforestry areas, traditional orchards)

and small (hedgerows, buffer strips, field margins, scattered trees or woodl ots) patches
of perennial vegetation and woody vegetation are identified.

Source : Garcia-Feced et al., 2015

Strengths and limitations:

this is the first EU wide geospatial layer of semi -natural vegetation in agricultural lands.
Given the resolution of input data the main limitation is that, among small size elements,
it contains information on spatial distribution of macro -features (hedgerows  or woodlots)

but not of micro  -features (field margins and flower strips).

8. ECOSYSTEM SERVEBI&bal climate regulatior(R)

Definition: Global climate regulation services are defined as the influence that
ecosystems have on the global climate by emitting greenhouse gasses to the
atmosphere or by extracting carbon from the atmosphere (Maes et al., 2011).

Indicator: Carbon stock in the topsoil (t/hain 0 -30 cm depth) (Lugato et al., 2014)

Soil organic stock (t C ha ) in the 0-30 cm soil layer is calculated for agricultural land |,
for a baseline year (2010), using the agro -ecosystem SOC submodel of CENTURY
(Parton et al., 1988) (Annex IV.)

The spatial extension of agricultural land use was derived from the Corine Land Cover
(CLC) 2000 i 2006 databases (http://www.eea.europa.eu/ publications/CORO -landcover),
including the thirteenrctkastseasatiefaireaddas 06ag

Source : Lugato et al., 2014.

Strengths and weaknesses . Data is coming from a database calculated by a pan-
European simulation platform with high spatial resolution and harmonized data sets. It
has been validated against measured carbon sequestration data derived from long -term

experiments (LTE).

The indicator could be supplemented with the estimated carbon content stored in the

above - and below -ground vegetation, calculated from the crop shares (Data source:

CAPRI model) and from the estimated carbon content of each crop. However, in
agricultural ecosystems below -ground carbon stock dominates (Marland et al., 2003).

9. ECOSYSTEM SERMWRBksical and intellectuahteractions with
ecosystemgC)

Definition: Cultural ecosystem services are defined as the nonmaterial benefits
obtained from ecosystems. The recreational pleasure that people derive from natural or
managed ecosystems is defined as recreation service.

Natural and semi natural ecosystems, as well as cultural landscapes, provide a source of
recreation for mankind. People enjoy forests, lakes or mountains for hiking, camping,
hunting, fishing or bird watching, or just for being there. Recreation is also supplied by
managed ecosystems, such as agricultu ral lands.

Indicator: Recreation potential index of agro -ecosystems . Spatial resolution: 1km.

Recreation potential index (RPI) is an indicator for the capacity of ecosystems to prov ide
recreational services. It was calculated by aggregating the following variables:
1 hemeroby or degree of naturalness,
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1 presence of protected areas,
1 presence of coastlines,
1 quality of bathing water and accessibility.

Hemeroby, or degree of naturalness is an index that measures the human
landscapes and flora. According to the assessment in Paracchini et al. (20
classes but artificial land use contribute to the potential of nature for recreation.
sources used in the model are listed in Annex V

Source : Paracchini et al., 2014
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3 Methods

3.1 Derivation of ecosystem service indicators in cases when data
was calculated or the original database was modified

1. ECOSYSTEM SERVICE: Cultivated crops (P)

The cropland productivity index (Toth et al.,, 2013) was used as indicator for the
potential supply (section 1). To obtain the actually used set of supply (capacity with the

current land use) it was multiplied with the spatial extension of croplands (classes 12 -
17, 19 -21 of CORINE). The resulted indicator is called crop production capacity. It
includes the actual land use information, approximating the potential provided by
biophysical conditions in croplands. It increases with increase in soil productivity and/or

share of croplands. It is not restricted to food production, but includes all biomass
production in arable lands.

2. ECOSYSTEM SERVICE: Reared animals and their outputs (P)

The grassland productivity index (Toth et al., 2013) was used as indicator for the
potential supply of the areas (section 2). To obtain the actually used set of supply
(capacity with the current land use) it was multiplied with the spatial extension of

grassland ( and other land use classes, potentially used for grazing; classes 18; 26 - 29;
35 of CORINE). The derived indicator is called grass production capacity. It increases
with increase in soil productivity and/or share of grasslands.

3. ECOSYSTEM SERVICE: Mass stabilization and control of erosion rates (R)

The value of C -factor decreases with increase in the protective influence of the crops,
therefore it is necessary to subtract it from 1 to express the capacity for erosion control.
Accordingly, the ¢ -factor values (CAPRI, Terres et al., 2013) were substracted from 1,
obtaining a proxy for erosion control.

4. ECOSYSTEM SERVICE: Hydrological cycle and water flow maintenance (R)

Water content at field capacity was calculated from the texture class of the topsoil
(Hiederer, R. 2013 a) with the pedotransfer function nr 7 in Té th et al. (2015):

Texture €rc

Coarse 0.199

Medium: 0.308

Medium fin e 0.326

Fine 0.362

Very fine 0.362

Peat soils 0.575

5. ECOSYSTEM SERVICE: Pollination (R)

Pollination potential of agro  -ecosystems is calculated from the 100m spatial resolution
pollination potential database (Zulian et al., 2013 a) for the purpose of present study,
according to the followings. The original 100 m database was upscaled at 1 km by
extracting the 100 m cells covered by agricultural land and calculating the mean
pollination potential value of these cells in each 1 km ce [Il. Agricultural land use was
defined by the CLC2006 map (European Environment Agency) and by high nature value
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farmland database (Paracchini et al., 2008). In this way data for non -agricultural land
were excluded from the upscaled database.

6. ECOSYSTEM SER VICE: Global climate regulation (R)

As the study area contains high nature value farmlands out of the agricultural classes of

CLC, and the original dataset (Lugato et al., 2014) was calculated only for agricultural
areas delineated by CLC, data gaps had to be filled up. For missing data imputation, data
calculated for extensive pasture land use was used from the same database, assuming

that the relevant areas are extensive pastures.

7. ECOSYSTEM SERVICE: Physical and intellectual interactions with
ecosystems

Recreation potential index of agro -ecosystems was calculated from the 100 m spatial
resolution recreation potential index (RPI) database (Paracchini et al., 2014) for the
purpose of present study, according to the followings (similarly as pollination potent ial).
The original 100 m database was upscaled at 1 km by extracting the 100 m cells covered

by agricultural land and calculating the mean recreation potential value of these cells in

each 1 km cell. Agricultural land use was defined by the CLC2006 map (Eu ropean
Environment Agency) and by high nature value farmland database (Paracchini et al.,

2008). In this way data for non -agricultural land were excluded from the upscaled
database.

3.2 Delineation of agricultural areas

Agricultural areas, being the study area of the whole assessment, were mapped (Figure
1). The e xercise was implemented for 25 Member States of the EU . Croatia is missing as
it was not a member of the EU at the time of the LFA delineation. Cyprus and Malta are

absent due to lacking data.

As the delineation of LFA and data for most of the indicators are available at 1 km spatial
resolution, agricultural land is also mapped at 1 km spatial resolution . Agricultural land
was defined by areas with a  share of agricultural land above 50%.

The share of agricultural land was calculated as the share of 100 m cells in 1 km2 area
covered by agricultural land (class 2 at Level 1, 12 -22) defined by CLC2006 (and by
CLC2000 for areas missing from CLC2006) and high nature value farmlands (HNV).

By applying the 50 % threshold on the share of agricultural land two types of error were
minimized:

1. the exclusion of agricultu ral areas and
2. the inclusion of non  -agricultural areas (number of 100m cells).

Three scenarios (share of agricultural land above 25%, 33% and 50%) were tested

(Table 3). With the chosen threshold 10.9 % of the 100m agricultural cells and 13.7 %

of the 100m agricultural cells that are in LFA are excluded. 12.7 % of the non -
agricultural cells and 13.8 % of th e non -agricultural cells that are in LFA are included.

This way the agricultural area is defined by 1km cells dominated by agriculture and the

delineation has an error of similar magnitude  for both directions.

Finally, we excluded areas not having utilized agricultural area (1 km cells with UAA =0,
data source: CAPRI).  The resulted final agricultural mask was used then for extracting
agricultural areas from the less favoured and non  -less favoured areas layer s. It resulted
intwo layers:
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(1) less favoured agricultural areas,
(2) non -less favoured agricultural areas

Furthermore, e ach ecosystem capacity indicator map was masked with the agricultural
layer in order to obtain databases for agricultural areas.  To obtain databases for less
favoured and for non -less favoured agricultural areas, all indicator databases were
masked with the less favoured and non -less favoured agricultural areas masks,
respectively.

Table3 The extent ofwo types oferror* in case of three options for delineating agricultural laindludingall 1kmcells
with agricultural land above (1) 25%, (2) 33% and (3) 30%.Exclusion of agricultural areas, 2. Inclusion of-non
agricultural areagexpressed by thpercentage of 100mells)

Type of eror Studied area >25% | >33% | >50%

Agricultural cells excluded (% of all 2700m Whole area of EU27 2.8 4.5 10.9

agricultural cells) LFA in EU27 3.7 5.9 13.7

Nonragricultural cells included (% of all 100m Whole area oEU27 25.7 21.6 12.7

agricultural cells) LFA in EU27 30.1 24.8 13.8
. F7 Coordinate Reference System: 7=

ETRS89LambertAzimuthalEqualArea K;
Spatial resolution: km 1

o Cyprus, Malta excluded e
Study area

Agricultural areas in EU27
outside_EU27

E —:s?gilometers
Figurel Agricultural areas defined by the agricultural classes in CLC2000 and high nature value farmlands, excluding areas
without utilizedagricultural area (UAA).

3.3 Data Normalization
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Normalisation is  calculated prior to trade -off analysis in order to obtain comparable

indicators . It was done for each ecosystem capacity indicators already extracted with the
agricultural mask  presented above (see section 3.2). Four normalization methods were
selected and tested taking into account the theoretical framework and the data
properties.

a. Min-max normalization:

. 0w
W
® ®
Where x; is the value of indicator i, X max IS the high estvalue of x ; atanysite,and Xy, IS

the lowest value of x; at any site in the study area, representing the ends of the
normalisation range.

With this method t  he standardised scores for all indicators have an identical range (0-1).
This makes

this method more robust when there are outliers. However, t he range for indicators with
very little variation is increased, therefore these indicators will contribute more to the

composite indicator  (Saisana and Tarantola, 2002)

b. Standardization

where y ; is the standardized value of indicator i, X;is the actual value and Xmean 1S the
mean value of indicator i, and isthe standard error.

This method is more robust when dealing with outliers than the calculation of the ratio or

perc entage differences from the mean. However, it does not entirely solve the problem
(Saisana and Tarantola, 2002) . This is because the range bet ween the minimum and
maximum observed standardised scores will vary for each indicator. The method gives

greater weight to an indicator in those areas with extreme values. This is desirable if the

aim is to reward exceptional behaviour, for example if we b elieve that a few exceptional
indicators are worth more than a lot of average scores. On the other hand, i t can be
avoided if we create consistent classes for all indicators.

The method is presented on one example map  for recreation potential. The standardized
values of the indicators are grouped in four classes  (Table 4), which can be interpreted
along the followings:

1 The standardized value is negative when the actual (original) value at a given
place is lower than the mean value

1 It is positive when the actual (original) value at a given place is higher than
the mean value.

1 Itis below -1, when the actual (original) value at a given place is lower than
the mean value, and the difference between them (in absolute value) is
higher than the standard deviation.

1 Itis above 1, when the actual (original) value at a given place is higher than
the mean value, and the difference between them (in absol ute value) is
higher than the standard deviation.

1 Itis O when the actual (original) value at a given pl ace is equal to the mean
value.
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Table4 Classes created based on standardized values afbacityindicators

Classes| Rangeof standardized values
1 <-1
2 -17 0
3 011l
4 >1

c. Creating classes and assigning scores to the m
We can lose information with this method (the original precision of the values of
indicators), and it is often hard to find appropriate thresholds for classes . But when there
are well-defined classes (based on meaningful thresholds, sustainability levels or
predefined target/desirable levels) we can obtain well interpretable results . Another
advantage is that it is not sensitive for outliers. Moreover , it makes the treatment of

non - linear relationship between the indicator and the ecosystem service.

In our assessment  values of each indicator were classified into three qualitative groups
as low, medium and high . In most cases, in absence of other thresholds , the classes are
limited by the 33 ™ and 66 ™ percentiles ( Table 5).

The classes for carbon stock in the topsoil (tha in O -30 cm depth) follow the
classification of Lugato et al. (2014).

3

Water content at field capacity (cm cm™®), derived from soil texture information,

assigning certain values to texture classes, was classified based on expert judgement,
considering the water regime of dif ferent soil textures . Values of ¢ oarse textured soils
are grouped into the low capacity class ,medi um and medium fine textured

into the medium capacity class, while f ine and very fine textured soils & v a l(andcepgat)
into the high capacityc  lass (Table 5).

Table5¢ KS NJ y3ISa@ZE YRR HA R2 &(&) dladsésicreated for theapacityindicators

Indicator Classification

Hydrological excess water 1: 07 260

(mm) 2: 2601 390
3: 390- 2900

(33%and 68 percentiles)

Cropland soil productivity 1: 071 0.55

2: 0.55i 0.69

3:0.69-1

(33%and 68 percentiles)

Grassland soil productivity | 1: 07 0.549

2: 0.55i 0.686
3:0.687-1

(33%and 68 percentiles)

Crop production capacity 1: 071 0.302
2:0.3030.535

3:0.536i1 1

(33%and 68 percentiles)

Grass production capacity 1:0

2:00.216

3:0.2171

(339 and 68 percentiles)

Erosion control 1: 0.291 0.797
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2:0.798i 0.880
3:0.891 1
(33%and 68 percentiles)

Water content at field capacit| 1: 0.199

(cm?® cm®) 2:0.-0.33
3:0.33-0.575
(expert judgement)

Pollination potential 1: 07 0.04

2:0.04i 0.096

3:0.096i 0.9

(339 and 68 percentiles)

Carbon stock in the topsoil | 1: 0-40

(t/hain 0-30 cm depth) 2: 4080

3:>80

(based on Lugato et al., 2014)

Recreation potential 1: 07 0.16

2:0.161 0.21

3:0.217 0.88

(33%and 68 percentiles)

Seminatural vegetation 1: 07 200

abundance (number of 25m | 2: 2007 750

cells in 1knf specified as 3: 750i 1600
seminatural vegetation) (33%and 68 percentiles)

d. Creating two classes, ab  ove and below a given threshold
This method can be used if the aim is to distinguish two predefined classes for each
indicator (e.g. based on a sustainability or target level , mean , median or other
threshold). Its main advantage s are simplicity and that i t is not affected by outliers.
However, information is lost with its use (the original precision of the values of
indicators), and itis very sensitive to the fixed thresholds .
It was complemented in present study using the lower threshold of the medium (nr 2)
class of the previous (c) method (Table 5). The resulted maps show the areas (1km
cells) where each  service is potentially delivered at least at medium level.

Further  possibilities : Normalization can be calculated using a local maximum (and

minimum) valu e, for example at NUTSO level or for biogeographical regions, if the aim is
to evalua te ecosystem services comparedtoa local maximum instead of a EU maximum.
The result of this approach would highlight more the local heterogeneity. Thresholds for

defining classes can also be determined at NUTSO level.

3.4 Outliers treatment

As outliers can affect the normalization and the results and interpretation of statistical
analysis, like princip al component analysis (PCA), they may become unintended
benchmarks (OECD Handbook on Composite Indicators, 2008). The presence of outliers

was determined in the datasets of indicators. It was performed using a standard non -
parametric method, the Interquartile Range

In case of water content at field capacity the detectlon of outliers is not relevant as fixed

values were assigned to the six soil texture classes. In case of erosion control, grassland
and cropland soil pro  ductivity, pollination potential and recreation potential the outliers

defined by the Interquartile Range were kept unchanged. This was motivated by the fact

that the studied indicators can hav e naturally high spatial variability.

Outliers were transformed in case of the soil organic carbon stock despite heterogeneity

exists due to the high difference between mineral and organic soils. The reason is that

the upper outlier threshold is close to the lowest values of organic carbon content of

organic soils and this threshold was considered as the maximum relevant capacity
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(higher car bon content doesnodt Nededheless ehe outlierg h er

transformation was used to truncate the indicator. Outliers were transformed by the
values of the outlier thres holds defined as follows:

Lower outlier threshold = Q1 - 1.5*IQR
Upper outlier threshold = Q3 + 1.5*IQR,

where t he Interquartile Range (IQR) is a measure of statistical dispersion, being equal to

the difference between the upper and lower quartiles: IQR =Q3 1 Q1.
3.5 Comparison of ecos ystem capacities between LFA and non -
LFA

Less favoured agricultural areas are heterogeneous concerning the biogeographical,
climatic conditions as well as the agricultural system, and the intermediate LFA
delineation was based on some 140, very different national criteria by Member States.
Therefore, in order to explore the variability among Member States, the comparison of
capacities at EU level was supplemented with Member State level analyses.

3.5.1 Comparison of the distrib utions

The distribution of each capacity indicator was compared between LFA and non -LFA with
the sm.density.compare function in R. It was implemented for a random selection of
5000 grid cells from both less favoured and non -less favoured agricultural areas
throughout the 25 studied Member States of the EU. The analysis provided the
comparison of the density estimates graphically and formally in a permutation test of
equality . It allowed to display the density estimates of the indicators in LFA and in n on-
LFA and an appropriate reference band in one joint plot. The number of samples
generated in bootstraps was set to the default value (N = 100).

In addition, the Mann -Whitney - Wilcoxon -test was used to test if the population
distributions are identical. The wilcox.test  function in R was applied. T he null hypothesis
is that the capacity data from LFA and from non -LFA are identical population  s.

3.5.2 Comparison of the medians

The differences between median values of LFA and non -LFA were calculated for each
ecosystem capacities at EU and at Member State level. The difference was normalized
with the median values in non -LFA at EU level , and t he normalized difference was
summed up for the 25 countries in order to quantify the overall Member State level

diff erence between LFA and non  -LFA.

The Member States were ranked based on the deviation of their median values in LFA
from the EU LFA median  for each ecosystem capacity

3.5.3 Comparison of the average values

The size of the difference between LFA and non -LFA for all indicators was quantified by
the effect size ( d or Co h e n p(€oheh, 1988):

Q0 —

where

"Y'YO "Y'YO

Y'YO
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Therefore a d of 1 mean s that the two groups 6 means differ by one standard deviation; a

d of 0.5 reveal s that the two groups' means differ by half a standard deviation; and so

on.

Cohen suggested that d=0.2 be considered a 'small' effect size, 0.5 represents a
'medium’ effect size and 0.8 a 'large’ effect size (Cohen, 1988), but these thresholds are

not recommended to be used blindly as the effect size always has to be judged based on

the cost -benefit ratio. In Cohen's terminology, a small effect size is one whi ch you ¢ an
only see through careful study. A 'large' effect size is an effect which is very substantial,

big enough, and/or consistent enough, that you may be able to see it ‘with the naked

eye'.

The ef fect size was considered to be large when it is equal or above 0.5 in present study

in the absence of predefined objectives related to the differences . Ités a | ower thre
than Cohends o the sampleszaislarge and the variability at EU level is high
even within the two groups . Nevertheless, t his is no t a significancy test, just a metric
from which one can see how large is the difference between LFA and non -LFA compared
to the standard deviation. The results were compared to those based on the distribution
analysis.

An uncertainty analysis was performed to address the uncertainty coming from the EU
scale databases . Two hundred grid points were randomly resampled out of 1000 random
grid points for both LFA and non -LFA. The means and the standard deviations were
calculated for all samples and this procedur e was repeated 1000 times. This resulted in a
set of means and standard deviations. The effect size was calculated from these
statistics as well. In order to assess the reliability of the analysis, the results were then
compared to the effect sizes calcula ted from the original datasets. Furthermore the
number of runnings were counted in which the direction of the difference (i.e. the sign of

the effect size) is the same as those from the analysis of the whole dataset.

3.6 Analysisof interactions (trade -offs and/or synergies )
between ecosystem capacities

The goal of principle component analysis ( PCA) is to reveal how the different variables
change in relation to each other and how they are associated , and to identify their
bundles. Itcan helpto defin e the weights for aggregation of the indicators  as well .

In order to explore spatial trade -offs and synergies among ecosystem capacities , PCA of
the studied indicators was performed. It was applied for a random selection of 15000
grid cells from both less favoured and non -less favoured agricultural areas throughout

the 25 studied Member States of the EU, respectively. It was implemented with
normalized data with min  -max re -scaling, after outlier transformation fo r soil organic
carbon stock .

The same analysis was repeated at Member State level, for a random selection of 1000
grid cells from both less favoured and non -less favoured agricultural areas, respectively,
from some selected countries (France, Poland, Romania , Italy ).

3.7 Aggregating the indicator s for ecosystem capacities

The mathematical combination (or aggregation ) of the individual indicators ( Saisana and
Tarantola, 2002) can be used to summarise the complex and multi -dimensional issue of
ecosystem capacity to deliver services, allowing for an easier interpretation and for
comparison across places and classification of areas. However, to avoid misleading, non -
robust messages and to draw sophisticated assessment  conclusions, composite
indicators should be constructed based on a sound methodology and used in combination
with the sub -indicators (Saisana and Tarantola, 2002).

In case of the four tested data normalization methods the following aggregation methods

are possible:
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1. Re-scaled values of indicators
The rescaled values are multiplied with we ights and are summed to obtain an overall
indicator.

2. Standardized values of indicators
Similarly, the standardized values are multiplied with weights and are summed to obtain
an overall indicator.

3. Scores assigned to classes
The sum or the mean of the scores can be calculated.

4. Binary data (above/below threshold)
In this case the number of indicators above or below the thresholds can be calculated as
an overall indicator  of multifunctionality

The first three type of normalized data w ere not aggregated  at this stage because there

is no clear evidence for weights definition and this may produce misleading results. The
fourth type of data was aggregated using the method described above. It resulted in the
number of services potentially delivered at least a t medium level at 1km spatial
resolution . It can be used as an indicator , however, for its evaluation, the quantitative

values, trade - offs and synergies of subcomponents has to be taken into account (Hansen

and Pauleit, 2014).

3.8 Evaluation and classificat ion of areas based on ecosystem
capacities

Some examples for data evaluation at NUTS2/NUTS3 level are shown in present report ,
which can be used in the future also at LAU2 level supported by more accurate, higher
spatial resolution , local data or using other/more indicators . The standard NUTS2 /NUTS3
established by EUROSTAT were used.

a. The average and median of normalized values (with min -max method, 0 -1) for each
indicator were c alculated for NUTS2 regions. S  pider charts were created to visualize
all capacities simultaneously . NUTS2 regions were classified based on their mean  and
median capacities , respectively, with K -means cluster analysis. The nine studied
capacities were taken into account. The biomass provisioning capacities were
app roximated with the actually used set of supply. T he clustering was carried out
with the cascadeKM function in package vegan in R. It creates several partitions
forming a cascade from a small to a large number of groups minimising the sum of
squares within the clusters. The values of the criterion Calinski -Harabasz (1974)
were used to select the best partition (the correct number of gro ups) . Itis used to
find the opti mum number of groups, minim izing the sum of squares within the
clusters and maximizing the sum of squares among the clusters. In order to help the
interpretation of the cluster analysis, hotspot analyses were complemented f or
bundles of ecosystem services identified by the principle component analysis. They
were conducted with the Hot Spot Analysis (Getis -Ord Gi*) function in ArcGIS 10.1
for a random selection of 15000 1km cells in less favoured areas

b. The less favoured agri cultural areas in  administrative units can be evaluate d based
on the spatial rate of the high/medium or high capacity areas. The number of
ecosystem services for which more than 50% of the agricultural area in a given unit
has high (or medium/high) capacity was determined. An indicator obtained with
similar calculation by Egoh et al. (2008) is called service richness. Some examples
are shown for NUTS3 regions.

From this analysis the following indicators can be determine d: For how many (and for
which) ecosystem services has a certain region high (or medium/high) capacity in
more than 50% of its agricultural area? Alternatively, i f the aim is to  evaluate the
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administrative units based on selected services, the  spatial rate  of low/medium/high
classes can be determined for those services in interest.

c. A multifunctionality indicator was calculated from the number of services potentially
delivered at least at medium level (at 1km ? spatial level ) separately for LFA and for
non-LFA in NUTS2 regions following the next equation

PZYp C2Y¢ 0zZYo TZYT LZYO Q@ZYO XYW YW w?Yw

00
W
Where: MFyyrs2 is the multifunctionality indicator, and
) 0
Y =
0
Where
T Nsgrvn IS the number of 1km cells in the NUTS 2 region with n number of services
potentially delivered at | east at talmerdbieruom

studied services;

T Niea or non -Lra IS the number of 1km cells classified as less favoured agricultural
area (ornon -less favoured area) in the NUTS2 region

The multifunctionality indicator was calculated on the basis of all nine ecosystem
services included in present study and also on the basis of only provisioning and  only
regulating and maintenance service s. It was not calculated for cultural services as for
that group of services only one indicator is available . For the biomass production
capacities the actual set of potential supply indicators were used.

28

evel



4 Results

4.1 Indicators

The statistics of the  selected indicators for ecosystem capacities are presented in  Table
6. Note that all indicators and therefore all results concern ecosystem capacities instead
of actual flows of services

Table6 Statistics of theapacityindicatorsin the study area, agricultural land in the 25 Member States.

Ecosystem service min max mean STD

Water provision 79.68| 2907.08 351.81 173.88
Crop provisiori potential 0 1 0.61 0.17
Crop provisiori actual set of supply 0 1 0.401 0.251
Reared animalprovisioni potential 0 1 0.59 0.18
Reared animals provisidnactual set of supply 0 1 0.146 0.210
Erosion control 0.29 1 0.84 0.09
Water regulation 0.199| 0.575 0.31 0.07
Pollination 0 0.90 0.11 0.12
Habitat maintenance 0 1600 570.21 499.71
Globalclimate regulation 0| 1390.3 93.68 107.36
Global climate regulation (after outlier transformatior 0| 179.92 78.92 42.98
Recreation 0.06 0.88 0.24 0.13
4.2 Maps of capacity indicators for LFA and for non -LFA

The spat ial distribution of the capacity indicators for nine ecosystem services in LFA and
in non -LFA can be seen in the following maps , showing the original values of all

indi cators classified in four groups by quantiles. Percentage distribution s of low 7
medium 1 high capacity areas in LFA and in non -LFA (for the methodology see section
3.3.c.) help tointerpret the differences between LFA and non -LFA quantitatively

At EU level, most of the ecosystem service s can be classified int hree groups based on
the percentage distribution of low, medium and high capacity areas in LFA and in non-
LFA.

4. Mainly | ow capacity in LFA and high capacity in non -LFA: capacity for crop
provision, potential supply for reared animals provision, water provision.

5. Mainly high capacity in LFA and low capacity in non -LFA: capacity for erosion
control, habitat maintenance, pollination and r ecreation.

6. The capacity is mainly medium in both LFA and non -LFA, and the share of
medium capacity is higher in non -LFA than in LFA : capacity for water regulation
and for global climate regulation . However, for water regulation there are more
low capacity areas in LFA than in non -LFA, and on the contrary, there are more
high capacity areas in non  -LFA than in LFA , w hereas for global climate regulation
both low and high capacity areas have higher share in LFA thaninnon -LFA.

The actually used potential supply for reared animals is mainly low in both LFA and non -
LFA. Nevertheless, there are more low capacity areas in non -LFA and more medium and
high capacity areas in LFA.
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4.2.1 Provisioning services

1 - Cultivated crops
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Crop production capacity
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2- Reared animals and theiroutputs

7
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3 - Water provision for drinking and for non -drinking purposes
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4.2.2 Regulating and maintenance services

1- Mass stabilisation and control of erosion rates
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2 - Hydrological cycle and water flow maintenance
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3- PoIIination
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4 - Maintaining nursery populations and habitats
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5 - Global climate regulation by reduction of greenhouse gas concentrations
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4.2.3 Cultural services

Physical and intellectual interactions with ecosystems
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4.3 Maps of s tandardized values

The standardized values of indicators can be used for further analysis , Similarly as
normalized values . They are suitable for identifying a reas with very high and/or very low
ecosystem capacities . Maps of standardized recreation potential values are presented
(Figure 24) here, as examples.
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Figure24 Standardized values of recreation potentralleft) less favoured anth (right) nonless favoured
agricultural areas.

4.4 Comparison of ecosystem capacities  between LFA and non -
LFA

4.4.1 Comparing the distributions of capacity indicators

The calculated reference bands are narrow (Figure 25), which shows that the estimations
of the distributions are very precise. Both LFA and non -LFA curves are mainly outofit in
all cases, which shows that they differ. The bootstrap hypothesis test of equality
confirm ed the difference for each indicator (N = 5000, p = 0).
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Distribution of capacity for erosion control in LFA and in non-LFA
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Figure25 Distribution of eaclecosystentapacity indicatorén LFA and in nebFA (N = 5000 for both). Blue line is the
appropriate reference band calculated by gra.density.compartinction in R.
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0.05 significance level
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whereas the other(s) are

of each capacity
crop production capacity

higher in non
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that the distributions are shi
capacity (Table 7). The null hypothesis was rejected at
in all cases as all p values are below 0.05
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-LFA.
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is slightly different . The Wilcoxon rank sum

fted up or down relative to each
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Table7 The test statistic (W) and theyalues of theNVilcoxonranksum &st for each ecosystem service.

Ecosystem service W P

Water provision 13.660904 8.797e16
Crop pravision’i actually used supply | 7.406.513 <2.2el6
Crop provisioni potential 9.092.352 < 2.2el6
Reared animals provisioractually 15394398 | <2.2el6
used supply

Reared animals provisicrpotential 8.819.993 < 2.2e16
Erosion control 16.084.817 | <2.2el16
Water regulation 11.670.071 | 8.54e12
Pollination 15.561.379 | <2.2e16
Habitatmaintenance 17.028.121 | <2.2e16
Global climate regulation 13140635 | 9.042e06
Physical and intellectual interactions | 16.789.460 <2.2el16
with ecosystems

4.4.2 Comparison of median values

The difference between  median values of LFA and non -LFA (in % of the median in non -
LFA) at EU level is the highest for habitat maintenance, then for pollination and thirdly

for the actually used set of supply for crop pro vision (Table 8). The biomass provisioning
capacities are higher in non  -LFA except the actual set of potential supply for reared
animals provision. LFA has higher capacity for all of the other studied services at EU

level.

The median values of some capacities only slightly differ between LFA and non -LFA,
which shows that it is not enough to compare medians , and confirms the necessity of the
analysis of whole distributions.

Table8 Themedian ofeachindicatorin less favouredLFARNndin nortless favoured agricultural areésonLFA) and the
difference between therim the study areaMedian gais the melian valuein LFA, Mdian,on r4iS the maian valuein non-
LFADIFF = Méian_ga- Median,g, 4 DIFF (%) KMedian ga- Median,o, Le) / Median,q,  rA*100. The services are in
decreasing order concerning the DIFF (%).

Type of the

ecosystem Ecosystem service Median _ga Median ponLea DIFF DIFF (%)

service

Regulating Habitat maintenance 636 231 405 175

Regulating Pollination 0.0724 0.0468 0.0256 | 55

Provisioning | Crop provisiori actually used 0.35 054 019 35
supply ' ' '

Cultural _Physmql and |.ntellectual 0.2 0.164 0.036 22
interactions with ecosystems

Provisioning | Cropprovisioni potential 0.59 0.68 -0.09 13

Provisioning | Reared animalspotential 0.58 0.67 -0.09 13

Provisioning | Water provision 331.6 3115 201 6

Regulating Erosion control 0.851 0.804 0.05 6

Regulating Global climate regulation 68.99 65.81 3.18 5

Regulating Water regulation 0.308 0.308 0 0

Provisioning | Reared animals provision 0.0527 0 0.0527 i
actually used supply ' )

The size of the difference between median values in LFA and in non -LFA greatly varies

among Member States (Annex VI ). The normalized difference (with the non -LFA EU
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median) summed up for the 25 countries is highest for habitat maintenance , then for
pollination and third ly for actually used supply for crop pro vision (Table 9), similarly as
the differences at EU level ( Table 8).

Table9 Sum of normalized differenceasMember Statebetweenthe median values ihFA andn nonLFAN = 25.

Sum of differences (LFAnonFA/nonLFA)

Habitat maintenance 42.7

Pollination potential 135

Crop provisioni actually used supply | 9.3

Globalclimate regulation 5.7

Physical and intellectual interactions | 4.8
with ecosystems

Reared animalspotential 4.1
Water provision 4.1
Cropprovisioni potential 3.3
Erosion control 1.9
Water regulation 0.9
In order to explore the deviations of Member States from the EU level assessment,

Member States were ordered according to the deviations between

(1) the MS and EU level median values and

(2) the MS and EU level difference between LFA and non -LFA
for each ecosystem capacity

The ranking of Member States according to the d eviation of their LFA  median values
from the EU LFA median (  Figure 26) shows thatt he deviation can be  quite high in many
cases and it varies notably among Member States. Note, that where the shown
difference (MS LFA 1 EU LFA) is positive, the MS LFA median is higher than the EU LFA
median and vice versa. The variabilities of cropland and grassland soil pr oductivity,
erosion control and physical and intellectual interactions with ecosystems in LFA among
MSs are rather low, while the other capacities  varies more .

Note, that all values refer to less favoured agricultural areas.

Both cropland and grassland soi | productivity = MS LFA medians differ most strongly
(being higher) from the EU LFA median in Belgium.

The median of grass production capacity is quite low at EU level. The countries can be
grouped in three types according to the capacity in the less favoured areas , (1) having
very low capacity , lower or slightly higher than the EU median , (2) having zero capacity
and (3) having higher capacity than the EU median.

The median of crop production capacity is higher than the EU LFA median mainly in

some northern European countries.

Water provision capacity is lower in some Central and Southern European countries and
higher in some Atlantic and Northern European countries.

Pollination capa city is lower in some Central and Eastern European countries and higher
in Southern European countries compared to the EU LFA median.

The difference is the highest for habitat maintenance in two Member States containing
mainly mountain areas (LFA article 1 8), in Austria and in Slovenia  , where the capacity is
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higher than the EU median. They are followed by two countries , Denmark and Hungary,
without mountain areas , in which the median capacity is lower than the EU median

Most Member States with higher pollination and habitat maintenance show relatively
higher capacity for the  cultural service as well.

The capacity for global climate regulation is similar or slightly lower than the EU level in
less favoured areas of many Me mber States, while it is higher principally in some
Northern European countries.

The variability of natural conditions and the agricultural systems and that of the national
delineation of less favoured areas can be drivers of the differences

Cropland soil productivity Grassland soil productivity
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Ranking the Member States according to the deviation of the MS level difference
between LFA and non -LFA from the EU level differ ence (Figure 27) helps to identify
Member States with lower or higher or even opposite direction difference compared to

the EU difference .

Opposite direction differences compared to the EU level difference occur in one or few
Member States for each service.

The difference between LFA and non -LFA highly varies both for actually used set of
potential supply for cultivated crops and reared anima Is. The mai n driver for this can be
the differences in the agricultural structure of the countries, i. e. the differences in share

of grasslands and croplands at 1km level (Figure 28).

The difference concerning water provision highly varies, too, and in some countries it
has opposite direction. It was expected as LFA includes heterogeneous areas an d it
depends on the natu ral conditions of the countries
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The difference for erosion control is higher in general mainly in countries having more

grasslands in LFA.

Pollination potential is quite low in all agricultural land at EU level compared to semi
areas. The difference for pollination is higher

natural
some Southern European countries having
These countries show
Italy, S lovenia).

Capacity for global climate regulation is slightly lower in LFA than in non

than the EU level difference

but in most of the Member States it is the opposite. The difference in most of these

countries is low, but there are some with a quite high difference, m

European Member States.

ainly Norther
The reason behind is that areas with organic soils, where the

capacity indicator values are high, are included in LFA and they are mainly located in

Northern Europe (Jones et al., 2005).

The difference in physical and intellectual interactions with ecosystems is similar in most
-LFA and the

Member States.

difference is highest in Bulgaria. The exception is Finland (and

difference) where this capacity is higher in non

difference for the cultural service as well.
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-LFA than in LFA. The Member States with
higher difference for pollination and habitat maintenance show relatively higher

(0-1)

In most of the countries it is higher in LFA than in non

relatively higher pollination potential in LFA.
higher difference for habitat maintenance, too (Greece, Bulgaria,

-LFA at EU level ,
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4.4.3 Comparing the mean values of the capacity indicators
The statistics used for the comparison of the average capacities in LFA and in non -LFAin
the agricultural area in 25 Member States can be seen in Table 8. The potential supply
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for biomass provisioning services (cropland and grassland soil productivity) are lower in

LFA. The actually used set of supply (capacity with the current land use) for crop
production (crop production capacity) is also lower in L FA than in non -LFA. The grass
production capacity is already higher in LFA due to the higher share of land currently

available for grass production. The capacities for most of the regulating and maintenance

services (except for water regulation for which t here is no difference) and f  or recreation
are higherin LFA.

The effect size is the highest for crop production capacity. It is high for habitat
maintenance , as well. Beyond these two indicators the effect size is above 0.5 (the
difference is higher than h  alf of the standard deviation) for grassland soil productivity,

equal to 0.5 for erosion control and approximates 0.5 for cropland soil productivity,

pollination potential and recreation.

Tablel0 Theeffect sizemean and standardevation of all used indicators less favouredLFARNdin non-less favoured
agricultural areagnon-LFA)n the study areaMean gais the mean value for LFA, MgghirAs the mean value for nebFA,
DIFF= Mean ga- Mean,on Lra ST:4lS the standrd deviation for LFA, SR eAs the standard deviation faron- LFA, SO
pooled is the pooled standard deviatidar(the calculation method seshapter3.5). P: provisioning services, R: regulating
and maintenance services, C: cultural services.

Ecosystem service Mean ga | Mean,o, Lra | DIFF | STReA | STRonLEA ﬁgc?le d Effect Size
P | Water provision 367.3 323 44,3 | 189.4 146.6 169.4 0.262

Cropprovisioni
actually used supply
Cropprovisioni
potential

Reared animals
provision- actually used 0.165 0.088 0.077| 0.216 | 0.168 0.193 0.398
supply
Rearedanimals

0.322 0.509 -0.187| 0.243| 0.219 0.231 -0.808

0.579 0.659 -0.08 | 0.164 | 0.159 0.162 -0.495

oAl . 0.555 0.646 |-0.091| 0.17 0.17 0.17 -0.535
provisioni potential

R [ Pollination 0.128 0.076 | 0.052| 0.137| 0.084 | 0.114 0.458
Global climate 8269 | 7357 | 912 | 4714| 3562 | 4178 | 0218
regulation
Erosion control 0.857 0.814 | 0.043|0.0907| 0.081 | 0.086 0.500
Habitat maintenance 702.2 382.3 | 319.9| 522 396.3 | 463.4 0.690
Water regulation 0.305266] 0.30499 |0.0003| 0.077| 0.057 | 0.068 0.004

C | Physical and intellectue
interactions with 0.26 0.207 | 0.053| 0.135| 0.104 | 0.121 0.440
ecosystems

The effect sizes obtained with resampling of a subset of the database and iteration were
all very similar to th e original ones (Table 10 and Table 11). The high number of
runnings with the same direction of the difference a Iso strengthen the differences,
except for water regulation

TablellResults of the Mont€arlo simulationsNs psampie= 200, Nyp = 1000Q. The mearvalues of the meanand standard
deviatiors of the 1000 runnings foall indicatorsin less favouredLFA) andh non-less favoured agricultural aredson

LFA). Meayrais the mean value for LFA, Mgt rais the mean value for nebFA, DIFE Mean ga- Meanonira STRRAIS

the standard deviation for LFA, $3Rraisthe standard deviation fanon-LFA, S pooled is the pooled standard deviation
(for the calculation method seshapter3.5). N with the same sign (4)/ the number of runnings resulted in the same
direction of the difference as in the original analy$shle8). P: provisioning services, R: regulating and maintenance
services, C: cultural services.

Ecosystem service Mean Mean STD Effect | N with
LFA non LFA DIFF | STDea | STDonra pooled | Size same
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sign
(+)

P | Water provision 363.9 |332.7|31.2 183.6 | 149.2 167.3 | 0.187 | 975
Crop provisiori 0.327 | 0.513|-0.187 | 0.241 | 0.217 0.229 | -0.816 1000
actually used supply
Cropprovisioni 0.579 | 0.660 | -0.081 | 0.153 | 0.160 0.157 | -0.514 1000
potential
Reared animals 0.182 | 0.088 | 0.094 | 0.220 | 0.171 0.197 | 0.476
provision- actually used 1000
supply
Reared animals 0.554 | 0.646 | -0.092 | 0.158 | 0.171 0.165 | -0.560 1000
provisioni potential

R | Pollination 0.127 | 0.078 | 0.050 | 0.132 | 0.084 0.111 | 0.450 | 1000
Global climate 80.5 729 | 7.6 44.3 34.6 39.7 0.191 984
regulation
Erosion control 0.859 | 0.817 | 0.042 | 0.094 | 0.080 0.087 | 0.481 | 1000
Habitat maintenance 682.2 | 383.7|298.5 |513.3 | 3944 457.7 | 0.652 | 1000
Water regulation 0.302 | 0.303 | -0.001 | 0.075 | 0.058 0.067 | -0.014 | 444

C | Physical and intellectua] 0.261 | 0.207 | 0.054 | 0.134 | 0.106 0.121 | 0.443
interactions with 1000
ecosystems

The mean values and the effect sizes were calculated for all indicators by Member States

(Annex VI 1) as well . At Member State level the differences between the capacities of LFA

and non -LFA are variable, e.g. capacity for maintaining nursery populations and habitats

differs considerably at EU level but despite it differs significantly between LFA and non -

LFA in many Member States as well, there are Member States where the difference is

minor (and it can even have opposite direction).

45 Trade -offs and synergies among capacities

451 EU level

Beyond the quantitative comparison of ecosystem capacities between LFA and non -LFA,

the spatial trade -offs and synergies among ecosystem capacities were compared as well.
According to the PCA resultst  here are only very slight difference s between LFA and non-
LFA (Figure 29 and Figure 30).

Both in LFA and in non -LFA, besides the isolated capacity for cultivated crops, two
bundles of capacities can be detected:

1. Habitat maintenance, pollination and recreation 1 all related to semi -natural
vegetation .

2. Capacity for r eared animals provision and climate regulation  (water reg ulation,
water provision, and erosion control can be grouped in this bundle but they are
poorly correlated to the principle components) i related to soil functions, climate
and land use, high values are expected in gra sslands having high productivity.

The results revealed that the spatial relationships among ecosystem capacities are
mainly determined by the spatial variability of the capacity indicators of cultivated crops,
habitat maintenance and climate regulation.

The interrelatedness of the services in the first bundle were observed by the quantitative
analyses of the capacities at Member State level ( chapter 5.4, comparison of median
values ).
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The hotspots and cold -spots of capacity for cultivated crops and that of the two bundles
can be seen next to the PCA results in order to visualize the spatial trade - offs.
Differences between LFAand  non-LFA:

1. Culti vated crop provision is slightly more strongly co rrelated to the first two axis
in non -LFA than in LFA.

2. Pollination is slightly more strongly correlated to the second component in LFA
than in non -LFA.

3. Climate regulation is more st rongly correlated to the first component. Therefore
these two capacities are closer to each other in non -LFA than in LFA.

However, all these differences are minor.

0.6
PC2
LFA, N=15000
0.4 Habitat ®
e Pollination
0.2
pc1 e Cultivated crops .Recreatlon
0

Water provision
-0.6 -04 -0.2 0 €0.2 0.4 0.6

-0.2  Erosion control
© Reared animals

[ ] .
0.4 Water regulation

e Climate regulation

Figure29 Principle component analysis of capacities for ecosystem services in less favoured areas in EU (N = 15000 grid
cells, total explained variance by the first two principal components is 64%). Each dot represeatselation between
normalized capacity indicators and the two first principle components
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Figure30 Principle component analysis of capacities for ecosystem servivesliess favoured areas in EU (N = 15000grid
cells, total explained variance by the first two principal components is 59%). Each dot represents the correlation between
normalized capacity indicators and the two first principle components

45.2 Member State leve |

The PCA of some countries  selected to represent some different biogeographic regions
and agricultural systems are shown in this section . Some differences can be observed in
their PCA , especially concerning recreation, pollination and climate regulation

For example, r ecreation shows trade -off with capacity for cultivated crops in general , but
in France (Figure 31) they are not negatively correlated in LFA, while in non -LFA they
are.

At EU level, capacity for ¢ ultivated crops shows trade  -off with climat e regulation, while  in
Romania (Figure 32) it is true only in non  -LFA. In Italy there is no strong trade - off
between them, moreover, they show synergy in non -LFA (climate regu lation correlates
with the third principle component)

The synergy between pollination and habitat maintenance is much weaker in three

Member States (out of the four examples) than at EU [ evel or .even do
However, in Italy pollination correlates more strongly with the first three principle

components than in the other three countries. The reason behind this can be that the

variance of pollination at EU level is higher than at MS level due to the north -south trend

in the EU, and this trend can be observed also withi n ltaly. It means that the

geographical position has stronger influence on the indicator than the local ecosystem

status. In order to focus on the local (Member State or regional) differences, pollination

could be mappe d normalizing the index with a local maximum.
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Figure32 Principle component analysis of ecosystapacitiesn less favoured areg® = 1000grid cells, total explained
variance by the fitstwo principal components is 88)andin nonless favoured aregd = 1000grid cells, total explained

variance by the fitstwo principal components is 8@in RomaniaEach dot represents the correlation between normalized

capacityindicators and the two first principle components.

In Poland (Figure 33) in LFA the common

trade

-offs are present , but in non -LFA the

capacity for cultivated crops negatively correlates along only one axis with the other

capacities, so the trade
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Figure33 Principle component analysisefosystentapacitiesn less favoured areg®l = 1000grid cells, total explained
variance by the fitstwo principal components is #&and innorn-less favoured aregd = 1000grid cells, total explained
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variance by the fitstwo principal components is é#)in Poland Each dot represents the correlation between normalized
capacityindicators and the two first principle components.

In Italy the mostimportant differenc e between LF A and non -LFA (Figure34) is that there
is a bundle of capacities containing pollination, recreation and reared animals, an din LFA
erosion control  belongs to this bundle |, whereas in non -LFA it shows trade -off witht hem,
though it is slight

Italy, LFA Italy, non-LFA
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Figure34 Principle component analysisedfosystentapacitiesn less favoured aregdl = 1000grid cells, total explained
variance by the fitstwo principal components is ¥@)and innon-lessfavoured areas (N = 1000grid cells, total explained
variance by the fitstwo principalcomponents is 75%) Italy. Each dot represents the correlation between normalized
capacityindicators and the two first principle components.

4.6 Evaluation and classific ation of administrative units based on
ecosystem capacities

4.6.1 Evaluation of administrative units comparing the average s and/or
median s of each normalized indicator value

The easiest way to assess  administrative  units concerning the overall capacity of the ir

less favoured agro -ecosyst ems to deliver services , is to compare the mean or median

capacities expressed in  normalized indicators  (Figure 35). The fig ure shows that in

certain cases (depending on the distribution of the data) the choice between mean and

median can have great impact on the outcome.

Comparing the mean indicators in two NUTS2 Comparing the median values of indicators in two
regions NUTS2 regions
Cultivated crops Cultivated crops
Physical and 1.0 Physical and 1.0
intellectual 0.8 Reared animals intellectual 0.8 Reared animals
interactions 0.6 interactions 0.6

0.4

Erosion control Water provision Erosion control Water provision

Global climate Global climate

Water regulation Water regulation

regulation regulation
Pollination Habltat Pollination Hab|tat
maintenance maintenance
—e—AT11 —e—AT33 —e—AT11 —e—AT33

Figure35Mean and mediavalues ofcapaciy indicators (normalized values10in two NUTS2 regiorier nineecosystem
servicesAT11 and AT33 are the codes of MidTS2egions.

The advantage of this method is that all individual services can be seen simultaneously.
However, the comparison of administrative units and the interpreta tion is not easy in the
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absenc e of a single summarizing, composite indicator. The indicators can be aggregated

in order to obtain a joint indicator but for thi s the weights of each ecosystem service
have to be defined based on an agreed methodology in comp liance with the
characteristics of each indicator and with the object ives of the evaluation. The composite
indicator always has to be used and interpreted in combination wi th its sub-indicators.
The NUTS2 mean indicator values, calculated from normalized values in LFA are shown
in Annex VIII.
4.6.2 Classification of administrative units taking into account all
capacities

A possible method for classification of administrative units is cluster analysis that allows
for taking into account multiple indicators.

The NUTS2 regions were classified based on their average ecosystem capacities, using

the k -means cluster analysis ( Figure 36a). According to the clustering, the optimum
number of groups is three (the Kalinski criterion is highest for 3 groups, it is 130.44).

The number of regions in the three groups are 63, 47 and 118. The resulted groups can
be interpreted analysing the individual capacities (

Table 12) and the following general descriptions can be given for them:

1 Classl: higher capacity for pollination and habitat maintenance; medium capacity
for cultivated crops; lower capacity for climate regulation;

1 Class2: higher capacity for reared animals, for climate regulation and for erosion
control, medium -high capa city for habitat maintenance

9 Class 3: higher capacity for cultivated crops, low capacity for reared animals and
for habitat maintenance.

Capacities for water provision and regulation and for recreation are similar in the three
groups.

Testing the c lusterin g based on the median values instead of averages resulted in a

similar outcome, which shows that the choice between them has moderate impact in this
case ( Figure 360Db).
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Figure36 Classification of NUTS2 regions with thméans clustering based on tfe)averageand (b.)mediancapacities
of less favoured areas faine ecosystem sepgs(cultivated crops, reared animals, water provision, climate regulation,
habitat maintenancephysical and intellectual relationships with ecosystems, pollination, water regulation, erosion

control) The number of groups is predefined to be 3.

Tablel2 Mean values of the ninecosystem capacity indicators in the threesskes obtained by themeans clustering

Classl Class2 Class3
Cultivated crops 0.26 0.14 0.45
Reared animals 0.16 0.43 0.11
Water provision 0.10 0.15 0.09
Climate regulation 0.36 0.80 0.47
Habitat maintenance 0.59 0.48 0.34
Recreation 0.28 0.26 0.24
Pollination 0.25 0.08 0.07
Water regulation 0.27 0.31 0.27
Erosion control 0.79 0.88 0.77

The classes can be related to differences in spatial extension of land use categories as

well as in cropland and grassland soil productivities (
grasslands is the highest in Class 2, that of crop

Table 13). The average share of
lands is the highest in Class3.

57




Tablel3 Mean value®f cropland and gradand spatial rate (%), and of cropland and grassland soil productivity in the
three classes obtained by thenmeans clustering

Classl Class2 Class3

Cropland(%) 47.55 29.18 59.00

Grastand (%) 24.36 43.15 12.66

Cropland soiproductivity | 0.50 0.63 0.64

Grassland soil productivity 0.63 0.56 0.57
The maps presenting the hotspots and cold -spots of bundles of ecosystem capacities can
also help to evaluate the classification ( Figure37).

Hotspots and cold-spots in LFA 4(\;.,',4

Crop production capacity
¢ <-2.58 Std. Dev.

° -2.58--1.96 Std. Dev.
-1.96 - -1.65 Std. Dev.
-1.65 - 1.65 Std. Dev
1.65 - 1.96 Std. Dev.

¢ 1.96 - 2.58 Std. Dev.

¢ >258Std. Dev.

500
m— Kilometers

58



Hotspots and cold-spots in LFA -3 Hotspots and cold-spots in LFA
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Figure37 Hotspots (realots)and coldspots (bluedots) of three ecosystem capacity bundles in less favoured agricultural
areas in the EU (25 countries). The bundles were determined with principle component ssesdigisife 28).

4.6.3 Evaluation of administrative units based on the spatial extension
of the high  /medium and/or high capacity areas

Administrative units can be evaluated and compared based on the spatial extension of

high/medium and/or high capacity areas u sing the low, medium and high capacity
classes created from the original values for each indicat or.
The tested indicator for this type of evaluation is t he number of ecosystem services for
which more than 50% of the agricultural area in the given unit has high (or
medium /high) capacity . The spatial rate  of medium and high and that of high capacity
areas for nine ecosystem services is presented for o ne NUTS3 region as an example in
Figure 38. The spatial rate of low capacity areas can be seen in Figure 39.
From this analysis the following guestions can be answered concerning ecosystem
services :

1 For how many (and for which) ecosystem services has the certain region high or

medium/high  capacity in more tha n 50% of its agricultural area?

1 For how many (and for which) ecosystem services has the certain region low
capacity in more than 50% of its agric ultural are a?

The region in the example has high capacity for one service in more than 50% of the
agricultural area . It has medium  or high capacity for six services, and low capacity for
three services in more than 50% of the agricultural area.
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Spatial rate (%) of medium and high capacity areas in a
NUTS3 region for nine ecosystem services

Cultivated crops

. 100
Recreation -
40
O

potential
Water regulation q;‘ Water provision
’ Global climate

Erosion control
capacity regulation

Reared animals

Pollination Habitat

potential maintenance
——high

==medium and high

Figure38 The spatial rate (%) of medium and higf’ and 3° class)and that of only high{3“ class)capacity areas in a
NUTS3 regh for nine ecosystem services as an example for the use of the evaluation of administrative units lihsed
spatial rate of medium and/or high capacity areas..

Spatial rate (%) of low capacity areas in a NUTS3 region
for nine ecosystem services

Cultivated crops

) 100
Recreation .
. 80 Reared animals
potential
60
0%
Water regulation Water provision
L
Erosion control ‘ Global climate
capacity regulation
Pollination Habitat
potential maintenance

Figure39 The spatial rate (%) ddw (1st classtapacity areas in a NUTS3 m@gifor nine ecosystem services as an example.

If the objective is the evaluat ion of individual ecosystem  service s, the spatial rate (%) of
low, medium and high capacity areas for the certain ecosystem service can be

determined in each region and these rates can be used for the comparis on (Figure40).

Spatial rate (%) of low, medium and high
pollination potential within a NUTS3 region

7.59

65.37

27.04

Low = Medium = High

Figure40 Spatial rate (%) of low, mediuand high pollination potentiakithin a NUTS3 region as an examigethe
assessment of individual services
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4.6.4 Evaluation of administrative units based on the ir
multifunctionality

The means and standard deviations of the number of services potentially delivered at

least at medium level (from the nine studied services) in LFA and in non -LFA at EU level

are summarized in  Table 14 The statistics of the number of services potentially delivered

at least at medium levdfrom the nine studied servigeausing (A.) the potential supply
indicator and ( B.) the actual set of potential supply indicator for the biomass provisioning
capacities.

Tablel4 The statistics of the number of services potentially delivered at least at mediur(fiewethe nine studied
servicey using (A.) the potential supply indicator and ( B.) the actual set of potential supply indicator for the biomass
provisioning capacities.

Mean STD STD pooled| Effect size
LFA NonLFA | LFA | NonLFA
A 6.472 | 6.181 1.676 | 1.593 1.64 0.18
B 6.660 | 5.979 1.379 | 1.534 1.46 0.47

The multifunctionality indicator
see

calculation method
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Figure41 Multifunctionality indicator (normalized weighted swhthe number of services potentially delivered at least at
medium level) in (a) less favoured agricultural areas and in (B)essrfavoured agricultural areas in NUTS2aeg of 25
Member States in E0he maximum number of services is 9.

In order to see the components of the total indicator , the multifunctionality indicators
calculated separately  for provisioning and for regulating and maintenance services are
also presen ted ( Figure 42 and Figure 43).

Note that provisioning services include three services: cultivated crop, reared animals
and water provision . Capacity for reared animals and crop provision are spatially linked
to grasslands and croplands, respectively, therefore two mutually exclusive capacities
are counted for biomass capacity. However, at 1 km spatial level, both land use can be

present. |t 6s al so i mpor t andrasstpmduction twas conkideted to be
potentially delivered at least at medium level in all 1km cells in which there is any
grassland, as the threshold for medium level capacity for grass production was O

(median) , while the threshold (median) for crop production capacity was 0.303 .

The multifunctionality for the three studied provisioning services can be lower due to low
soil productivity, low water provisioning capacity, or low share or absence of grasslands
or croplands , or both . Therefore, it is not expected to be always lower in LFA. However,

there are more NUTS2 regions with high multifunctionality for provisioning service s in
non-LFA than in L FA. On the other hand, there are more NUTS2 regions with high
multifunctionality for regulating and maintenance services in LFA . The difference is more

significant in the latter cas  e.

The indicator for multifunctionality could be the average number of services potentially
delivered at least at medium level as well. Instead of this, the normalized weighted sum

is proposed to be used in order to obtain comparable indicators for different groups of
services (even with different number of studied services, e.g. for provisioning services
and regulating services in our case). Comparing the multifunctionality for the two
studied groups of services, it can be seen that

1. in LFA the multifunctionality for regulating and maintenance services is hi gher
than that for provisioning services in most of the NUTS2 regions, except some
regions in Northern Europe.

2. In non -LFA the relation between multifunctionality for regulating and
maintenance services and that for provisioning services varies from region to
region.
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a. b.
Figure42 Multifunctionality indicator for provisioning services (normalized weighted sum of the number of provisioning
sewices potentially delivered at least at medium level) in (a) less favoured agricultural areas and inl€issiamoured
agricultural areas in NUTS2 regions of 25 Member States in EU. The nuistiielieafprovisioning services is 3.

a. b.

Figure43 Multifunctionality indicator for regulating and maintenance services (normalized weighted sum of the number of
regulating and raintenance services potentially delivered at least at medium level) in (a) less favanuddd (b) nodess
favoured agricultural areas in NUTS2 regions of 25 Member States Ti&dumber of studied services is 5.
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