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Abstract  

European permanent grasslands (PG) vary widely in their delivery of agricultural outputs and 
other ecosystem services and hence in their challenges and opportunities for sustainable 
grassland management. To facilitate communication about these diverse grasslands between 
stakeholders across countries and backgrounds, and as a framework for data collection and 
mapping, a PG typology focusing on grassland management has been developed. Requiring no 
expert knowledge, this typology is intended to complement existing European classifications of 
grassland habitats that are based on vegetation data.  

The typology consists of two hierarchical levels with nine classes at the first and 18 classes at 
the second level. Classification criteria include the presence of agricultural management, the 
presence of tree or shrub cover exceeding 10%, frequent renewal by resowing, management 
intensity and predominant use through grazing or cutting and climate criterions. Management 
intensity is quantified using three indicators: grazing intensity, cutting frequency and 
fertilization intensity, using thresholds based on an expert survey. Three management 
intensities are differentiated, with climate limitation through short vegetation period or 
extended summer drought es a modifier.  

Existing spatial data sets on vegetation, climate, soil, relief and nature conservation status were 
used to estimate the distribution of each PG type across Europe at the level of NUTS-3 statistical 
regions.  

A Permanent Grassland Atlas was produced, containing a portrait of each PG type, including its 
typical management, distribution, threats and delivery of ecosystem services. Additionally, the 
Atlas contains case studies for each of the PG types from different regions in Europe.  
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Abbreviations  

EU European Union 

EUNIS European Nature Information System 

LU livestock unit 

N nitrogen 

PG permanent grassland 

VP vegetation period 

Sc cutting intensity score 

Sf fertilisation intensity score 

Sg grazing intensity score 

Sm Management intensity score 
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1 Introduction  

European permanent grasslands (PG) vary widely in their site conditions, management and the 
resulting botanical composition. This diversity is tied to differences in their potential and actual 
delivery of ecosystem services, as well as in the aims, options and challenges of their agricultural 
management and in the threats they face. Capturing this variety is thus important for 
quantifying overall ecosystem service delivery potential of European PG, for targeting 
management and policy recommendations, and for improving communication and knowledge 
transfer between stakeholders and regions. 

A number of classification systems for European grasslands already exist, most notably the 
European Nature Information System (EUNIS) habitat classification (EEA 2021), the most 
important comprehensive classification of terrestrial and marine habitats in Europe. This 
hierarchical classification is to a large degree based on phytosociological vegetation types, which 
in turn are defined on the basis of characteristic plant species composition (Mucina et al., 2016). 
The EUNIS habitat classification has been cross-�Œ���(���Œ���v�������� �Á�]�š�Z�� �š�Z���� �Z���µ�Œ�}�‰�����v�� �Z������ �>�]�•�š�� �}�(��
�,�����]�š���š�•�[���~�:���v�•�•���v et al., 2016) that was developed based on it, with the phytosociological units 
�}�(�� �š�Z���� �Z���µ�Œ�}�s���P���Z�����l�o�]�•�š�[�� �~�D�µ���]�v�� et al�X�U�� �î�ì�í�ò�•�U�� ���v���� ���o�•�}�� �Á�]�š�Z�� �š�Z���� �Z�E���š�µ�Œ���� �Z�����]�š���š�� �š�Ç�‰���•�� �}�(��
���}�u�u�µ�v�]�š�Ç���]�v�š���Œ���•�š�[���š�Z���š�����Œ�����o�]�•�š�������]�v�����v�v���Æ���/���}�(���š�Z�����,�����]�š���š�•�����]�Œ�����š�]�À�����õ�î�l�ð�ï�l���������~���}�µ�v���]�o���}�(��
the European Communities, 1992).  

These classifications play an important role in policy measures and research aimed at 
environmental protection. However, they do not fulfil all the requirements for stakeholders of 
agriculturally used PG. Firstly, expert botanical knowledge is required not only to apply these 
classifications in the field, but also to interpret their relevance in terms of grassland 
management. This may hamper communication with stakeholders without such expertise. 
Secondly, more than half of the European PG area falls into a single EUNIS level-three class of 
�ZAgriculturally-improved, re-seeded and heavily fertilised grassland, including sports fields and 
grass lawns�[1. Though botanically less distinct, these grasslands differ greatly in their 
management and associated ecosystem services, and a typology addressing these differences is 
needed to reflect that.  

While these two problems have been addressed by a number of agronomic grassland typologies, 
these exist only for some regions, are highly specific to those (Michaud et al., 2013) and thus 
unsuited for European applications. Accordingly, the need for a PG typology supporting 
agricultural management was identified by the EIP-���'�Z�/���&�}���µ�•���'�Œ�}�µ�‰���Z�W�Œ�}�(�]�š�����]�o�]�š�Ç���}�(���‰���Œ�u���v���v�š��
�P�Œ���•�•�o���v���[ as one of the main issues for PG productivity and sustainability (EIP-AGRI Service 
Point, 2015, 2016). 

We therefore present a typology intended to complement the EUNIS classification for 
application in agriculturally managed grassland. This typology is based on grassland 
management intensity and key parameters of vegetation structure, such as the presence of 
woody plants, and will thus be applicable even for stakeholders without detailed botanical 

 

1 This estimate is based on a comparison between the area of grassland habitats contained in the 
European Red List of Habitats (Janssen et al., 2016) and extension of EUNIS level-2 habitats (EEA, 2019). 
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knowledge. The typology consists of two nested levels, the first consisting of 9, the second of 18 
PG types. 

Chapter 2 of this report will discuss the rationale behind the typology in greater detail. Chapter 
3 introduces the structure of the typology, the calculation of management intensity and 
utilisation form on which much of it rests, defines the other classification criteria used, and 
finally provides a field key to identify these PG types. Chapter 4 describes the process used to 
map the occurrence of all PG types within Europe using currently available data, presents the 
area and land cover percentages of each PG type in the European biogeographic regions that 
are derived from these maps and discusses the limitations of these results. Chapter 5 proposes 
applications and potential further developments of the typology. The Permanent Grassland 
Atlas, a major outcome of this task, is included in this report as Appendix A. It consists of 
portraits and case studies for each PG type as well as a crosswalk between the PG typology and 
EUNIS habitat types. Finally, maps for all PG types are contained in Appendix B. 
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2 Typology development  

2.1 Gaps in existing PG classifications  

The EUNIS habitat classification (EEA 2021), the most important such classification in Europe, is 
a hierarchical system with up to eight levels. Of these, the third level is cross-referenced with 
other important European classifications. In its revised version of 2021, its first level 
���]�•�š�]�v�P�µ�]�•�Z���•���•���À���v���š���Œ�Œ���•�š�Œ�]���o���Z�����]�š���š���P�Œ�}�µ�‰�•�W���Z�E�W�����}���•�š���o���Z�����]�š���š�•�[�U���Z�Y�W���t���š�o���v���•�[�U���Z�Z�W���'�Œ���•�•�o���v���•��
���v�����o���v���•�����}�u�]�v���š���������Ç���(�}�Œ���•�U���u�}�•�•���•���}�Œ���o�]���Z���v�•�[�U���Z�^�W���,�����š�Z�o���v���U���•���Œ�µ�������v�����š�µ�v���Œ���[�U���Z�d�W���&�}�Œ���•�š��
���v���� �}�š�Z���Œ�� �Á�}�}�������� �o���v���[�U�� �Z�h�W�� �/�v�o���v���� �Z�����]�š���š�•��with no or little soil and mostly with sparse 
�À���P���š���š�]�}�v�[�U�����v�����Z�s�W���s���P���š���š�������u���v-�u���������Z�����]�š���š�•�[�X�� 

�ZR: �'�Œ���•�•�o���v���•�[�����Œ���������(�]�v���������•���(�}�o�o�}�Á�•�W 

�ZNon-coastal land which is dry or only seasonally wet (with the water table at or 
above ground level for less than half of the year) with greater than 30% vegetation 
cover. The vegetation is dominated by grasses and other non-woody plants, 
including mosses, macrolichens, ferns, sedges and herbs. Includes semiarid steppes 
with scattered Artemisia scrub. Includes successional weedy vegetation. Excludes 
regularly tilled habitats (V1) dominated by cultivated herbaceous vegetation such 
as arable fields and artificial grasslands and herb dominated habitats (V3)�[ 

���Ç�� ���}�u�‰���Œ�]�•�}�v�U�� �š�Z���� �����(�]�v�]�š�]�}�v�� �}�(�� �Z�‰���Œ�u���v���v�š�� �P�Œ���•�•�o���v���[ according to EU regulation on direct 
payments (Regulation (EU) 2021/2115), which is used within the SUPER-G project, reads:  

�Zland used to grow grasses or other herbaceous forage naturally (self-seeded) or 
through cultivation (sown) and that has not been included in the crop rotation of 
the holding for five years or more; it may include other species such as shrubs and/or 
trees which can be grazed provided that the grasses and other herbaceous forage 
remain predominant as well as, where Member States so decide, land which can be 
grazed and which forms part of established local practices where grasses and other 
herbaceous forage are traditionally not predominant in grazing areas�[ 

�/�v���������]�š�]�}�v���š�}���Z�Z�W���'�Œ���•�•�o���v���•�[�U��habitats of the groups �Z�Y�W���t���š�o���v���•�[�����v�����Z�^�W���,�����š�Z�o���v�����•���Œ�µ�������v����
�š�µ�v���Œ���[�U���u�]�P�Z�š��fall under this definition as well. Most notably,  �Z�s�ï�í�W��Agriculturally-improved, re-
seeded and heavily fertilised grassland, including sports fields and grass lawns�[�U which belongs 
�š�}���š�Z�����P�Œ�}�µ�‰���}�(���Z�s�W���s���P���š���š�������u���v-�u���������Z�����]�š���š�•�[�U makes up a large part of agriculturally used 
PG. Group �Z�Z�W���'�Œ���•�•�o���v���•�[���]�•���(�µ�Œ�š�Z���Œ�����]�À�]���������]�v�š�}���•���À���v�����o���•�•���•�����š���o���À���o���š�Á�}�U���ñ�ô�����o���•�•���•�����š���o���À���o��
three and 163 classes at level four, sometimes with further subdivisions up to level eight. By 
���}�v�š�Œ���•�š�U���Z�s�ï�í�[���]�•���•�µ�����]�À�]���������}�v�o�Ç���]�v�š�}���š�Z�Œ�������o���À���o-four classes, one of which does not fall into 
the definition of PG. These classes are �ZV311 Dry or moist agriculturally-improved grassland�[�U��
�ZV312 Wet agriculturally-improved grassland, often with drainage ditches�[�����v�����ZV313 Turf sports 
fields�[�X 

This contrast can partly be explained by the difficulty more intensively managed grasslands 
present to phytosociological classification (Rodríguez-Rojo et al., 2017). Rather than having their 
own set of diagnostic species, more intensively managed grasslands show a successive loss of 
diagnostic species that characterise their less intensively managed counterparts (Nicod et al., 
2019; Ellenberg & Leuschner, 2010), which makes it difficult classify them further. Accordingly, 
the EUNIS classification does not describe the �Z���P�Œ�]���µ�o�š�µ�Œ���o�o�Ç���]�u�‰�Œ�}�À�����[���P�Œ���•�•�o���v���•��in terms of 
phytosociological units, but mostly relies on management practices to distinguish them from the 
grasslands making up habitat group �Z�Z�W���'�Œ���•�•�o���v���•�[. 
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This distinction reflects the widely used division �}�(�� �‰���Œ�u���v���v�š�� �P�Œ���•�•�o���v���� �]�v�š�}�� �Z���P�Œ�]���µ�o�š�µ�Œ���o�o�Ç��
�]�u�‰�Œ�}�À�����[�� ���v���� �Z�•���u�]-natural�[ grassland, for example in the PG classification of the European 
Grassland Federation (Peeters et al., 2013). While these two grassland types are defined by 
differences in management intensity, the thresholds are often defined using relative terms, such 
���•���Z�o�}�Á-�]�v�š���v�•�]�š�Ç���P�Œ���Ì�]�v�P�[���~�������µ�(�}�Ç���˜�����}�}�‰���Œ�U��2009�•�U���Z�o�}�Á���]�v�‰�µ�š���P�Œ���Ì�]�v�P�[���~�������U���î�ì�î�í�•�U���Z�š�Œ�����]�š�]�}�v���o��
�Œ���P�]�u���•���}�(���u�}�Á�]�v�P�U���P�Œ���Ì�]�v�P�U�����v�����u���v�µ�Œ�]�v�P�[���~�������U���î�ì�î�í�•�U���Z�š�Œ�����]�š�]�}�v���o���Z���Ç���u�������}�Á�•�[���~�������µ�(�}�Ç���˜��
Cooper, 2009). They contrast with grasslands that are �µ�v�����Œ�� �Z�]�v�š���v�•�]�À���� �P�Œ���Ì�]�v�P�[�U �Z�Z�����À�]�o�Ç��
�(���Œ�š�]�o�]�•�����[ (EEA, 2021)�U���Z���Œ�š�]�(�]���]���o�o�Ç���(���Œ�š�]�o�]�•���� �[(Beaufoy & Cooper, 2009�•���}�Œ���Z�•�µ���•�š���v�š�]���o�o�Ç���u�}���]�(�]������
by fertilization�U���o�]�u�]�v�P�U�����Œ���]�v���P���U���•�}�]�o�����µ�o�š�]�À���š�]�}�v���€�}�Œ�•���Z���Œ���]���]�������µ�•���[���~�W�����š���Œ�•��et al., 2013). Sowing, 
resowing or oversowing are also considered as exclusion criteria for semi-natural grasslands, 
�Á�Z�]���Z�� �•�Z�}�µ�o���� ������ ���}�u�]�v���š������ ���Ç�� �Z�v���š�µ�Œ���o�o�Ç�� �}�����µ�Œ�Œ�]�v�P�� �‰�o���v�š�� ���}�u�u�µ�v�]�š�]���•�[ (Beaufoy & Cooper, 
2009; Peeters et al., 2013; EEA, 2021)�X�����•���š�Z�����‰�}�š���v�š�]���o���v���š�µ�Œ���o���À���P���š���š�]�}�v���}�(���v�����Œ�o�Ç�����o�o���Z�•���u�]-
�v���š�µ�Œ���o�[���P�Œ���•�•�o���v�����•�]�š���•�����}�v�•�]�•�š�•���]�v��woodland and forest, it is difficult to define exactly which level 
of human intervention through defoliation or manipulation of the nutrient status should be 
���}�v�•�]�����Œ�������š�}���•�Z�]�(�š���‰�o���v�š�����}�u�u�µ�v�]�š�]���•���(�Œ�}�u���Z�v���š�µ�Œ���o�o�Ç���}�����µ�Œ�Œ�]�v�P�[���š�}���Z���Œ�š�]�(�]���]���o�[���}�Œ���Z�•�µ���•�š���v�š�]���o�o�Ç��
�u�}���]�(�]�����[�X���������µ�(�}�Ç���˜�����}�}�‰���Œ���~2009�•���š�Z���Œ���(�}�Œ�������}�v���o�µ�������š�Z���š���Z�����š���Œ�u�]�v�]�v�P���Á�Z�]���Z���‰���•�š�µ�Œ���•�����Œ����
semi-�v���š�µ�Œ���o�U�����v�����Á�Z�]���Z�����Œ�����v�}�š�U���]�•���š�}���•�}�u�������Æ�š���v�š�������À���o�µ�����i�µ���P���u���v�š�X�[�� 

The aim of this typology is therefore to use quantitative thresholds to capture the gradient of 
management intensity underlying �š�Z���� �����(�]�v�]�š�]�}�v�� �}�(�� �Z�•���u�]-�v���š�µ�Œ���o�[�� �À�•�X�� �Z���P�Œ�]���µ�o�š�µ�Œ���o�o�Ç�� �]�u�‰�Œ�}�À�����[��
grasslands, and to improve the characterisation of PG at intermediate and higher levels of 
management intensity. 

2.2 Choice of classification  criteria  

To achieve our aims for the PG typology, criteria used for classification should be  

�� easily obtainable by non-specialist stakeholders, 
�� capture relevant aspects of management intensity in as simplified a way as possible, 
�� yield quantitative thresholds to avoid ambiguity, 
�� result in a manageable number of PG types, 
�� as far as possible, align with existing classifications,  

leading to the following selection: 

�� Management intensity 
�� Utilisation form 
�� Regular re-seeding/renewal 
�� Absence of management 
�� Woody plant cover 

2.2.1 Management intensit y 

The two main factors of management intensity for PG consist of defoliation by cutting or grazing 
and nutrient inputs through fertilisation. Accordingly, cutting frequency, grazing intensity and 
fertiliser input were chosen as contributors to management intensity. As nitrogen is most 
commonly the limiting nutrient, its application rates are an appropriate indicator for the overall 
fertilisation intensity. The same three indicators of PG management intensity have been used 
by Blüthgen et al. (2012) to calculate a management intensity indicator, albeit for somewhat 
different applications. 
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While there is no functional way to equate a certain level of defoliation with a level of 
fertilisation, the two are correlated when large gradients in management intensity are regarded. 
As a result, a mean value of fertilisation and defoliation intensity may provide a meaningful 
indicator at least for a very general classification of management intensity.  

To address the context-dependency of �š�Z�Œ���•�Z�}�o���•���(�}�Œ���Z�o�}�Á�[���}�Œ���Z�Z�]�P�Z�[ management intensity, we 
conducted a survey within the professional network of the SUPER-G partners (Tonn et al., 2022). 
�Z���•�‰�}�v�����v�š�•���Á���Œ�������•�l�������š�}�������•���Œ�]�������Z�o�}�Á�[�U���Z�u�����]�µ�u�[�����v�����Z�Z�]�P�Z�[���W�'���u���v���P���u���v�š���]�v�š���v�•�]�š�Ç���(�}�Œ��
their region of expertise in terms of cutting frequency for PG that is exclusively cut, grazing 
intensity for PG that is exclusively grazed, and nitrogen fertiliser application rates, providing 
either a typical value or a range of values in each case. To represent the perspective across 
biogeographic regions, weighted averages of these values were calculated, with the with the 
�‰�Œ�}�‰�}�Œ�š�]�}�v���}�(�����µ�Œ�}�‰�����v���W�'���š�Z���š�������v���������(�}�µ�v�����Á�]�š�Z�]�v���������Z���Œ���•�‰�}�v�����v�š�[�•�����]�}�P���}�P�Œ���‰�Z�]�� region of 
expertise as a weighting factor. Analysing the responses of 126 respondents of different 
backgrounds yielded values for management practices associated with low, medium and high 
PG management intensity that are shown in Table 1. These were used to develop equations for 
calculating intensity scores for cutting, grazing and fertilisation, and to decide whether cutting 
or grazing is the dominant form of PG use in any given case (see section 3.2.2.) 

 

Table 1 Geographically weighted means for management intensity thresholds for cutting, grazing and 
nitrogen fertilisation of European PG, based on a survey among 126 stakeholders (Tonn et al., 2022). 

Management practice Low intensity Intermediate intensity High intensity 

Cutting frequency (cuts/y) �d 2 2.0�t3.3 > 3.3 

Grazing intensity  
(LU-days/ha/y)  �d 271 271�t521 > 521 

Total nitrogen fertilisation 
(kg/ha/y) �d 79 79�t176 > 176 

 

2.2.2 Regular re -seeding/renewal  

Besides management intensity, re-seeding is commonly included as a criterion to distinguish 
�Z�•���u�]-�v���š�µ�Œ���o�[�� �(�Œ�}�u���Z�]�u�‰�Œ�}�À�����[���P�Œ���•�•�o���v���X�� �K�À���Œ�� �š�]�u���U�� �Z�}�Á���À���Œ�U���P�Œ���•�•�o���v���� �À���P���š���š�]�}�v�� �����À���o�}�‰�•��
away from the composition established by sowing towards a community shaped by site 
conditions and management, with establishment from the soil seed bank and seed dispersal 
introducing adapted grassland species. Unless long-term management records are available, it 
may not even be possible to tell if a certain PG field has been resown in the past. Beaufort and 
Cooper (2009) suggest that PG that has not been resown for a longer period might even be 
���}�v�•�]�����Œ�������š�}���Œ���‰�Œ���•���v�š���Z�•���u�]-�v���š�µ�Œ���o�[���À���P���š���š�]�}�v�����P���]�v�U�����o�š�Z�}�µ�P�Z���š�Z�����o���v�P�šh of the necessary 
period might be site-dependent. Based on the survey described above (Tonn et al., 2022), a 
threshold of 15 years was set for this criterion. 
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2.2.3 Absence of management  

To cover the entirety of European PG, the typology needs to include PG that do not rely on 
human intervention as well as PG that has fallen out of agricultural use and may revert to woody 
vegetation. 

2.2.4 Woody plant cover  

While lists of diagnostic species could be used to assess management intensity, this would 
restrict their use to those with a sufficiently good knowledge of botany. However, cover of 
woody plants -shrubs and trees- is easy to estimate, relevant for PG management and ecosystem 
services, and ties in with the EUNIS habitat classification, where grasslands with > 10% tree cover 
or greater proportions of shrubs would fall into a different level-one habitat class than those 
without. 
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3 Typology Structure  

3.1 Overview  

The typology follows a hierarchical structure with nine types at the first level, each consisting of 
two second-level types (Table 2, Figure 1). The central classification criterium at the first level is 
management intensity, based on the indicators: cutting frequency, grazing intensity and 
fertilisation intensity. These indicators are used to classify grasslands into three groups of �Zhigh�[ 
(H), �Zmedium�[ (MF, MM) and �Zlow�[ (LF, LM) management intensity. While the same threshold 
values are used across Europe, management intensity has to be considered in relation to the 
length of growing period. For this reason, grasslands of low and medium management intensity 
are each divided into two first-level �P�Œ���•�•�o���v�����š�Ç�‰���•�������•�������}�v�����o�]�u���š���W���Z�u���Œ�P�]�v���o�����o�]�u���š���[�U���Á�Zere 
the length of the growing period is strongly restricted by long winters or summer drought, and 
�Z�(���À�}�µ�Œ�����o�������o�]�u���š���[�U���Á�Z���Œ�����š�Z�]�•���]�•���v�}�š���š�Z���������•���X�� 

In most permanent grasslands, even those established by sowing, vegetation has developed 
over a long period in response to site condition and management measures. Some grasslands, 
however, are regularly reseeded after completely removing the existing grassland sward by soil 
tillage or herbicide application. These grasslands, which generally are managed at high intensity, 
make up the first-level type of �Z�(�Œ���‹�µ���v�š�o�Ç���Œ���v���Á�������P�Œ���•�•�o���v���•�[ (F). 

Permanent grasslands, as defined by the project, consist of vegetation dominated by grasses 
and other herbaceous plants that can be grazed or cut. This definition includes grasslands with 
substantial cover of either shrubs or trees as well as grasslands that are currently neither mown 
nor grazed by livestock. The typology therefore includes separate types for grasslands with a 
woody plant cover of >10%, dominated either by shrubs (WS) or by trees (WT), and a type 
encompassing unmanaged grasslands (U). 

For most first-level grassland types, the second level of the typology distinguishes between 
grasslands where herbage is mostly harvested through cutting rather than grazing, and 
grasslands that are mostly grazed rather than cut. For grasslands with >10% cover of either 
shrubs or trees, the second level is based on their management intensity. In unmanaged 
grasslands, the second level of the typology divides grasslands that do not rely on management 
from those that will develop into non-grassland habitats over time unless management is 
resumed.  

Each of these criteria is described in greater detail in sections 3.2 and3.3, while section 3.4 
provides a classification key. 
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Table 2 List of level-1 and level-2 permanent grassland types. 

Level Code Name 

1 F Frequently renewed PG 

2 F_G Frequently renewed PG, mostly grazed  

2 F_C Frequently renewed PG, mostly cut  

1 H High-intensity PG 

2 H_G High-intensity PG, mostly grazed  

2 H_C High-intensity PG, mostly cut  

1 MF Medium-intensity PG in favourable climate 

2 MF_G Medium-intensity PG in favourable climate, mostly grazed  

2 MF_C Medium-intensity PG in favourable climate, mostly cut  

1 MM Medium-intensity PG in marginal climate 

2 MM_G Medium-intensity PG in marginal climate, mostly grazed  

2 MM_C Medium-intensity PG in marginal climate, mostly cut  

1 LF Low-intensity PG in favourable climate 

2 LF_G Low-intensity PG in favourable climate, mostly grazed  

2 LF_C Low-intensity PG in favourable climate, mostly cut  

1 LM Low-intensity PG in marginal climate 

2 LM_G Low-intensity PG in marginal climate, mostly grazed  

2 LM_C Low-intensity PG in marginal climate, mostly cut  

1 WS Woody plant (mostly shrub) ���}�À���Œ���H���í�ì�9 

2 WS_L �t�}�}���Ç���‰�o���v�š���~�u�}�•�š�o�Ç���•�Z�Œ�µ���•�����}�À���Œ���H���í�ì�9, low intensity  

2 WS_M �t�}�}���Ç���‰�o���v�š���~�u�}�•�š�o�Ç���•�Z�Œ�µ���•�����}�À���Œ���H���í�ì�9, medium intensity  

1 WT �t�}�}���Ç���‰�o���v�š���~�u�}�•�š�o�Ç���š�Œ�����•�����}�À���Œ���H���í�ì�9 

2 WT_L �t�}�}���Ç���‰�o���v�š���~�u�}�•�š�o�Ç���š�Œ�����•�����}�À���Œ���H���í�ì�9, low intensity  

2 WT_M �t�}�}���Ç���‰�o���v�š���~�u�}�•�š�o�Ç���š�Œ�����•�����}�À���Œ���H���í�ì�9, medium intensity  

1 U Unmanaged grassland 

2 U_NGL Unmanaged grassland with succession towards non-grassland  

2 U_GL Unmanaged grassland, remaining grassland  
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Figure 1 Classification tree for level-1 (dark green) and level-2 (light green) permanent grassland types. 
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3.2 Management intensity and utilisation form  

3.2.1 Elements of management intensity  

The management intensity is calculated from three indicators: cutting frequency and grazing 
intensity, representing the utilisation regime, and amount of N-fertilisation intensity as an 
indicator of the overall fertilisation regime. 

The cutting frequency, in number of cuts per year, considers all cuts harvested for silage, hay or 
indoor feeding, but not topping of grazing residues. If the number of cuts varies between years, 
the mean value can be used (e.g., for 2-3 cuts per year, cutting frequency would be 2.5). 

The grazing intensity is measured in livestock-unit (LU2) grazing days per hectare and year (LU 
d/ha/y). To calculate this value, the mean stocking density (number of livestock units per hectare 
land) is determined for each single stocking period, and then multiplied with the length of the 
stocking period. The results of these calculations are summed up for all stocking periods 
(rotations) of the year. If the animals are fed substantial amounts of roughage in addition to the 
grazed herbage, the number of days has to be adjusted by a corresponding factor. An example 
for this calculation is found below.  

 

Example: Calculation of livestock-unit grazing days per hectare and year 

The field is a paddock of 2 ha size, managed through rotational stocking, with three stocking 
periods per year.  

During the first stocking period, it is stocked with 80 dairy cows (80 LU) for 5 days. During the 
second stocking period, it is stocked with 80 dairy cows (80 LU) for 4 days, and during the 
third, it is stocked with 10 heifers (8 LU) for 15 days. 

The dairy cows only graze 8 hours per day and receive half of their roughage intake in the 
barn in the form of silage. The heifers graze 24 hours per day and receive no additional feed.  

Grazing intensity per year would be calculated as: 

 80 LU / 2 ha �u 5 d �u 0.5 

+  80 LU / 2 ha �u 4 d �u 0.5  

+  8 LU / 2 ha �u 15 d  

=  (100 + 80 + 60) LU d / ha 

=  240 LU d / ha 

 

Table 3 illustrates what different levels of grazing intensity mean in terms of stocking density 
(livestock units per ha land during the days the animals are grazing), depending on the total 
number of days a grassland is grazed per year. 

 

2 The definition of livestock units follows Eurostat (2023a), with the following livestock unit coefficients 
(LU per head): cattle <1 year: 0.4; cattle 1 to <2 years: 0.; male cattle > 2 years: 1.0; heifers > 2 years: 0.8; 
dairy cow: 1.0; other cows: 0.8; sheep and goats: 0.1; equidae: 0.8 
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Table 3 Stocking density (LU/ha) on a PG field during the stocking periods, calculated from assumed 
grazing intensity and the number of days per year the field is grazed (LU: livestock unit). 

Grazing intensity 
(LU d/ha/y) 

Number days / y grazed 

30 20 10 

50 1.7 2.5 5.0 

100 3.3 5.0 10.0 

150 5.0 7.5 15.0 

200 6.7 10.0 20.0 

250 8.3 12.5 25.0 

300 10.0 15.0 30.0 

400 13.3 20.0 40.0 

500 16.7 25.0 50.0 

600 20.0 30.0 60.0 

700 23.3 35.0 70.0 

920 39.7 46.0 92.0 

 

Often, grazing is quantified using the stocking rate over the whole grazing area during the 
vegetation period. Grazing intensity in LU-d/ha/y can be calculated in the same way from these 
values, as shown in the example below. In such a case, some of the paddocks are generally cut 
for silage at least once a year. The mean cutting frequency should then be calculated as well. 
Further combinations of grazing-area stocking rate during the grazing period can be found in 
Table 4. 

 

Example: Calculation of livestock-unit grazing days per hectare and year 

A farm has 80 ha of PG that are grazed for 260 days per year. During that time, animals 
receive no additional roughage in the barn. The ratio of grazing animals to grazing area is 2.5 
LU/ha.  

Grazing intensity is then:  

2.5 LU/ha �u 260 d/y = 650 LU-d/ha/y  

In addition to grazing, 40% of the grazing area is also cut for silage: 20% is cut once, and 20% 
is cut twice per year. Which fields are cut for silage changes between years.  

The average cutting frequency of the grazing area is then: 

0.2 �u 1 cut/y + 0.2 �u 2 cuts/y = 0.6 cuts/y 
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Table 4 Ratio of grazing animals to grazed land (LU/ha) at farm scale, calculated from assumed grazing 
intensity and length of the grazing season (LU: livestock unit). 

Grazing intensity 
(LU-days/ha/y) 

Grazing season length 

9 months 6 months 3 months 

50 0.2 0.3 0.5 

100 0.4 0.5 1.1 

150 0.5 0.8 1.6 

200 0.7 1.1 2.2 

250 0.9 1.4 2.7 

300 1.1 1.6 3.3 

400 1.5 2.2 4.4 

500 1.8 2.7 5.5 

600 2.2 3.3 6.6 

700 2.6 3.8 7.7 

 920 3.4 5.0 10.1 

 

The nitrogen fertilisation intensity includes all nitrogen that is applied to the grassland directly 
through grassland management, namely mineral fertiliser, organic fertiliser and excreta of 
grazing animals. It does not consider inputs through atmospheric deposition or symbiotic 
nitrogen fixation. The amount of nitrogen applied as organic fertilisers is multiplied with the 
factor 0.7 based on their long-term nitrogen fertilizer replacement value (Schröder et al., 2007). 
The amount of nitrogen contained in excreta of grazing animals is estimated at 0.25 kg/LU per 
full grazing day3, and is multiplied with 0.7 as coming from an organic fertiliser source.  

3.2.2  Calculation of management intensity and utilisation form  

An intensity score with a value ranging from zero to one is calculated for each of the three 
indicators: cutting frequency, grazing intensity and nitrogen fertilisation intensity. For each 
intensity score, values below 1/3 correspond to low intensity, values from 1/3 to below 2/3 to 
medium intensity and values from 2/3 to one to high intensity. The intensity scores are 
calculated based on threshold values, as shown in Figure 2 and Box 1.  

 

3 This calculation assumes a nitrogen excretion rate of 90 kg/LU/y, based on the values for different 
ruminant categories presented in Sheldrick et al. (2003) and the livestock coefficient ratios of Eurostat 
(2023). 
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Figure 2 Threshold values for determining cutting, grazing and fertilisation intensity scores.  

 

Box 1: Calculation of intensity scores 
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Fertilisation intensity score Sf 
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Cutting intensity score and grazing intensity score are added to calculate a utilisation intensity 
score Su = Sc + Sg that incorporates both cutting and grazing, two management measures 
affecting permanent grasslands along the same dimension. The overall management intensity 
score Sm is the mean of utilisation intensity score and fertilisation intensity score, reflecting two 
management measures that affect permanent grasslands along different dimensions (Figure 
3a). As a general rule, utilisation and fertilisation intensity should be correlated and, accordingly, 
their respective intensity scores should be quite similar. In some instances, greater differences 
between the two may occur. If utilisation intensity score Su and fertilisation intensity score Sf 
differ from each other by more than 1/3, the lower of the two scores needs to be adjusted to 
the value of the higher score minus 1/3: 

if Sf �� Su > 1/3: Suadj = Sf �� 1/3  

if Su �� Sf > 1/3: Sfadj = Su �� 1/3  
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Figure 3 Using the grazing, cutting and fertilisation intensity scores (a) to calculate the management 
intensity score, and (b) to determine if a grassland is predominantly cut or predominantly grazed. 

 

The management intensity score is needed to distinguish between the first-�o���À���o���W�'���š�Ç�‰���•���Z�,�[���À�•�X��
�Z�D�&�[�l�[�D�D�[�� �À�•�X�� �Z�>�&�[�l�[�>�D�[�X�� ���}�u�‰���Œ�]�v�P�� ���µ�š�š�]�v�P�� �]�v�š���v�•�]�š�Ç�� �•���}�Œ���� �Á�]�š�Z�� �P�Œ���Ì�]�v�P�� �]�v�š���v�•�]�š�Ç��allows to 
determine if a grassland is predominantly cut or predominantly grazed (Figure 3b). This 
distinction is needed to determine the second-level PG type of all first-level PG types other than 
�Z�t� �̂[�U���Z�t�d�[�����v�����Z�h�[�X�� 

3.2.3  Management intensity score tables  

To supplement the equations in Box 1 that allow the calculation of intensity scores, Table 5, 
Table 6 and Table 7 present the management intensity for a wide range of combinations of 
utilisation and fertilisation intensities: Table 5 for grasslands that are exclusively cut, Table 6 for 
grasslands that are exclusively grazed and Table 7 for grasslands that receive one cut in addition 
to being grazed. 

It is necessary to point out that some combinations of utilisation and fertilisation intensity 
contained in the tables are extremely unlikely to be observed in reality �t e.g., low cutting 
�(�Œ���‹�µ���v���Ç���Á�]�š�Z���Z�]�P�Z���o���À���o�•���}�(���v�]�š�Œ�}�P���v���(���Œ�š�]�o�]�•���š�]�}�v�X���,�}�Á���À���Œ�U�����v�Ç���������]�•�]�}�v���š�}���Œ���u�}�À�����Z�µ�v�Œ�����o�]�•�š�]���[��
combinations carries the risk to either remove combinations that occur in reality, albeit very 
rarely, or else leave in some combinations that are too extreme. The inclusion in the tables 
below hence does not imply that a certain management could ever be recommended for a 
permanent grassland. 
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Table 5 Management intensity score Sm for PG that is exclusively cut, depending on fertilisation intensity 
(total nitrogen fertiliser input) and cutting intensity (number of cuts per year). Shading corresponds to 
management intensity classes: low (light shading, Sm �d 0.33), medium (medium shading, 0.33 < Sm < 0.67) 
and high (dark shading, Sm �t 0.67). Values in italics: fertilisation intensity score Sf and cutting intensity 
score Sc corresponding to each fertilisation level and cutting frequency, respectively. 

Cutting 
intensity 

Fertilisation intensity (kg/ha/y nitrogen) 
Sf 

cuts/y Sc 
0 
0 

10 
.07 

20 
.22 

30 
.13 

40 
.20 

50 
.27 

65 
.33 

80 
.39 

95 
.44 

110 
.50 

125 
.56 

140 
.67 

160 
.72 

180 
.78 

200 
.83 

220 
.89 

240 
.94 

260 
1.0 

0.5 .11 .06 .09 .12 .16 .19 .22 .25 .28 .33 .39 .44 .50 .56 .61 .67 .72 .78 .83 

1 .22 .11 .14 .18 .21 .24 .28 .31 .33 .36 .39 .44 .50 .56 .61 .67 .72 .78 .83 

1.5 .33 .17 .20 .23 .27 .30 .33 .36 .39 .42 .44 .47 .50 .56 .61 .67 .72 .78 .83 

2 .44 .28 .28 .29 .32 .36 .39 .42 .44 .47 .50 .53 .56 .58 .61 .67 .72 .78 .83 

2.5 .56 .39 .39 .39 .39 .41 .44 .47 .50 .53 .56 .58 .61 .64 .67 .69 .72 .78 .83 

3 .67 .50 .50 .50 .50 .50 .50 .53 .56 .58 .61 .64 .67 .69 .72 .75 .78 .81 .83 

3.5 .75 .59 .59 .59 .59 .59 .59 .59 .60 .63 .65 .68 .71 .74 .77 .79 .82 .85 .88 

4 .84 .68 .68 .68 .68 .68 .68 .68 .68 .68 .70 .73 .75 .78 .81 .84 .87 .89 .92 

4.5 .93 .76 .76 .76 .76 .76 .76 .76 .76 .76 .76 .77 .80 .83 .85 .88 .91 .94 .96 

5 1.00 .83 .83 .83 .83 .83 .83 .83 .83 .83 .83 .83 .83 .86 .89 .92 .94 .97 1.0 
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Table 6 Management intensity score Sm for PG that is exclusively grazed, depending on fertilisation 
intensity (total nitrogen fertiliser input) and grazing intensity (livestock unit (LU) grazing days per ha and 
year). Shading corresponds to management intensity classes: low (light shading, Sm �d 0.33), medium 
(medium shading, 0.33 < Sm < 0.67) and high (dark shading, Sm �t 0.67). Values in italics: grazing intensity 
score Sg corresponding to grazing intensity. 

Grazing 
intensity 

Fertilisation intensity (kg/ha/y nitrogen) 

LU �u d / 
ha/y 

Sg 0 10 20 30 40 50 65 80 95 110 125 140 160 180 200 220 240 260 

25 .05 0.04 0.07 0.11 0.14 0.17 0.20 0.24 0.29 0.35 0.41 0.46 0.51 0.57 0.62 0.68 0.73 0.79 0.83 

50 .10 0.08 0.11 0.14 0.18 0.21 0.23 0.26 0.31 0.37 0.42 0.48 0.52 0.58 0.64 0.69 0.75 0.80 0.83 

75 .15 0.12 0.15 0.18 0.22 0.25 0.26 0.29 0.33 0.38 0.44 0.49 0.54 0.59 0.65 0.70 0.76 0.81 0.83 

100 .20 0.16 0.19 0.22 0.26 0.28 0.30 0.32 0.35 0.40 0.45 0.51 0.55 0.60 0.66 0.72 0.77 0.83 0.83 

125 .25 0.20 0.23 0.26 0.29 0.31 0.33 0.36 0.39 0.41 0.47 0.52 0.56 0.62 0.67 0.73 0.78 0.83 0.83 

150 .29 0.23 0.27 0.30 0.33 0.34 0.36 0.39 0.42 0.45 0.49 0.53 0.57 0.63 0.68 0.74 0.80 0.83 0.83 

175 .34 0.27 0.31 0.34 0.36 0.37 0.39 0.42 0.45 0.48 0.50 0.54 0.59 0.64 0.70 0.75 0.81 0.83 0.83 

200 .37 0.30 0.34 0.36 0.38 0.40 0.42 0.45 0.47 0.50 0.53 0.56 0.60 0.65 0.71 0.76 0.82 0.83 0.83 

250 .44 0.37 0.39 0.41 0.43 0.45 0.47 0.50 0.52 0.55 0.57 0.59 0.62 0.68 0.73 0.79 0.83 0.83 0.83 

300 .51 0.42 0.44 0.46 0.48 0.50 0.52 0.54 0.57 0.60 0.62 0.64 0.66 0.70 0.76 0.81 0.83 0.83 0.83 

350 .57 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.62 0.64 0.66 0.68 0.71 0.73 0.78 0.83 0.83 0.83 0.83 

400 .64 0.52 0.54 0.56 0.58 0.60 0.62 0.64 0.67 0.69 0.71 0.73 0.75 0.78 0.81 0.83 0.83 0.83 0.83 

450 .69 0.56 0.58 0.60 0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.77 0.79 0.81 0.84 0.84 0.84 0.84 0.84 

500 .72 0.60 0.62 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.80 0.82 0.84 0.86 0.86 0.86 0.86 0.86 

600 .79 0.66 0.68 0.70 0.72 0.74 0.75 0.77 0.79 0.81 0.83 0.85 0.88 0.90 0.90 0.90 0.90 0.90 0.90 

700 .86 0.73 0.75 0.77 0.78 0.80 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.93 0.93 0.93 0.93 0.93 0.93 

800 .93 0.80 0.81 0.83 0.84 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 

900 1.0 0.86 0.87 0.89 0.90 0.91 0.93 0.95 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table 7 Management intensity score Sm for PG that is grazed and receives one cut per year, depending 
on fertilisation intensity (total nitrogen fertiliser input) and grazing intensity (livestock unit (LU) grazing 
days per ha and year). Shading corresponds to management intensity classes: low (light shading, Sm �d 
0.33), medium (medium shading, 0.33 < Sm < 0.67) and high (dark shading, Sm �t 0.67). Values in italics: 
grazing intensity score Sg corresponding to grazing intensity. 

Cuts 
per 
year 

Grazing 
intensity 

Fertilisation intensity (kg/ha/y nitrogen) 

LU �u d / 
ha/y 

Sg 0 10 20 30 40 50 65 80 95 110 125 140 160 180 200 220 240 260 

1 25 .05 .15 .18 .22 .25 .28 .31 .34 .37 .39 .42 .46 .51 .57 .62 .68 .73 .79 .83 

1 50 .10 .19 .22 .26 .29 .32 .34 .37 .40 .43 .45 .48 .52 .58 .64 .69 .75 .80 .83 

1 75 .15 .23 .26 .30 .33 .36 .38 .40 .43 .46 .49 .51 .54 .59 .65 .70 .76 .81 .83 

1 100 .20 .27 .30 .33 .37 .39 .41 .44 .46 .49 .52 .55 .57 .60 .66 .72 .77 .83 .83 

1 125 .25 .31 .34 .37 .40 .42 .44 .47 .50 .52 .55 .58 .60 .63 .67 .73 .78 .83 .83 

1 150 .29 .35 .38 .41 .44 .45 .47 .50 .53 .56 .58 .61 .63 .66 .68 .74 .80 .83 .83 

1 175 .34 .40 .42 .45 .47 .49 .50 .53 .56 .59 .62 .64 .66 .68 .71 .75 .81 .83 .83 

1 200 .37 .43 .45 .47 .49 .51 .53 .56 .58 .61 .64 .66 .68 .71 .74 .76 .82 .83 .83 

1 250 .44 .50 .50 .52 .54 .56 .58 .61 .63 .66 .68 .70 .73 .75 .78 .81 .83 .83 .83 

1 300 .51 .56 .56 .57 .59 .61 .63 .66 .68 .71 .73 .75 .77 .80 .83 .85 .86 .86 .86 

1 350 .57 .63 .63 .63 .64 .66 .68 .71 .73 .75 .77 .80 .82 .84 .87 .90 .90 .90 .90 

1 400 .64 .70 .70 .70 .70 .71 .73 .76 .78 .80 .82 .84 .86 .89 .92 .93 .93 .93 .93 

1 450 .69 .74 .74 .74 .74 .75 .77 .79 .81 .84 .86 .88 .90 .93 .95 .95 .95 .95 .95 

1 500 .72 .78 .78 .78 .78 .78 .80 .82 .84 .86 .89 .91 .93 .95 .97 .97 .97 .97 .97 

1 600 .79 .85 .85 .85 .85 .85 .86 .88 .90 .92 .94 .97 .99 1.0 1.0 1.0 1.0 1.0 1.0 

1 700 .86 .92 .92 .92 .92 .92 .92 .94 .96 .98 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

1 800 .93 .99 .99 .99 .99 .99 .99 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

1 900 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

  



 

  24 

 

3.3 Other classification criteria  

3.3.1  Lack of management  

Permanent grasslands, as defined in the project, encompass only land that can be used by 
cutting or grazing in order to feed livestock. However, not all land that could theoretically be 
used this way is currently under active management.  

Within the typology, grassland that has neither been cut4 nor grazed by livestock5 within the last 
two years is considered to be unmanaged and falls into the respective grassland type (U). 

At its second level, the typology distinguishes grasslands that need active management to 
remain as a grassland (U_NGL) from those that do not (U_GL). Primary grasslands that constitute 
the natural vegetation are relatively rare in Europe, occurring beyond the arctic or alpine 
treeline and locally at extreme sites that do not support tree growth. While some of these 
grasslands can be used for livestock grazing or cutting, they will persist without such 
management. By contrast, the majority of European grasslands are the product of human 
activities and replace the forest habitats that form the potential natural vegetation 
(Bredenkamp et al., 2002). Once regular management by grazing or cutting ceases the 
vegetation gradually develops towards non-grassland vegetation with shrub encroachment and 
later establishment of trees. In some cases, it may be difficult to distinguish between the two 
types, but U_NGL is by far the predominant. 

3.3.2  Woody plant cover  

Within the project, grasslands are defined as land dominated by grasses or herbaceous forage, 
which does not preclude the presence of shrubs or trees. In the EUNIS habitat classification, the 
maximum cover of trees in grassland habitats is set to 10%, which excludes some habitats that 
would fall into the definition used in the project.  

Our typology therefore includes vegetation with > 10% cover of woody plants, consigning them 
to one of two level-one grassland types: WS (woody plant cover > 10%, mostly shrubs) and WT 
(woody plant cover > 10%, mostly trees). For both classes, the total cover of woody plants 
(shrubs and trees) needs to exceed 10%. If the cover of shrubs is greater than that of trees, the 
grassland belongs to the type WS; if the cover of trees is greater than that of shrubs, it belongs 
to the type WT.  

To distinguish permanent grassland from habitats dominated by trees, the typology requires 
that in grasslands, herbaceous plants suitable for grazing or cutting reach a ground cover of at 
least 50%. This cover may include herbaceous plant cover under tree crowns. In this case, 
herbaceous plant cover and woody plant cover sum up to values greater than 100%.  

Grasslands of the type WT include, among others, large proportions of the dehesa and montado 
of the Iberian Peninsula �~���v�v���Æ�� �/�� �Z�����]�š���š�� �š�Ç�‰�����ò�ï�í�ì�W���Z�����Z���•���•�� �Á�]�š�Z�� ���À���Œ�P�Œ�����v��Quercus �•�‰�‰�X�[�•�U��

 

4 �Z���µ�š�š�]�v�P�[���Z���Œ�����]�v���o�µ�����•���•�}-�����o�o�������Z�u�µ�o���Z�]�v�P�[�U���Á�Z���Œ�����Z���Œ�À���•�š�������Z���Œ�����P�����]�•���•�Z�Œ���������������v�����Œ���š�µ�Œ�v�������š�}���š�Z����
field. 
5 �Z�>�]�À���•�š�}���l�[���Z���Œ�����]�v���o�µ�����•�����v�Ç���Z���Œ���]�À�}�Œ���•���(�}�Œ���Á�Z�]���Z�������(�}�Œ�u���}�(���P�Œ���Ì�]�v�P���u���v���P���u���v�š�����Æ�]�•�š�•�U�����X�P�X�����Ç���(���v���]�v�P��
accessible areas. It does not include wild herbivores with free access to the landscape. 
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Fennoscandian wooded meadows (Annex I habitat type 6530), Fennoscandian wooded pastures 
(Annex I habitat type 9070), grazed orchards and wood pastures. 

Grasslands of the type WS can be found in mosaic with various heathland and scrub formations, 
or in underutilised pastures affected by shrub encroachment. 

3.3.3 Favourable and marginal climate  

The typology uses absolute thresholds to define management intensity, even though intensity 
needs to be put into the context of vegetation period length. For example, two cuts per year 
might be the maximum feasible at a high-altitude site, whereas they would constitute a 
relatively low cutting frequency at a nearby low altitude site that permits up to five cuts per 
year. While management intensity thresholds that vary with length exist for some regions (e.g. 
for different altitudes in Switzerland, Huguenin-Elie et al., 2017), it is difficult to arrive at such a 
system for the whole of Europe.  

In order to still incorporate this aspect into the typology, grasslands of medium or low 
management intensity are categorised as different level-one types depending on the length of 
the vegetation period as defined by climate parameters.  

�h�v�����Œ�������Z�u���Œ�P�]�v���o�����o�]�u���š���[�U���š�Z�����‰���Œ�]�}�������À���]�o�����o�����(�}�Œ���P�Œ���•�•���P�Œ�}�Á�š�Z���]�•��restricted by long winters or 
extended summer drought. Long winters are defined as a temperature vegetation period of less 
than 225 days, with a baseline temperature for plant growth of 5 °C. The threshold value used 
for extended summer drought is a humidity index (annual precipitation divided by annual 
reference evapotranspiration) of less than 0.8. When the temperature growing period is at least 
225 days and the humidity index 0.8 or mor���U���š�Z�]�•���]�•�����}�v�•�]�����Œ�����������Z�(���À�}�µ�Œ�����o�������o�]�u���š���[���~Figure 
4). 
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Figure 4 Map of favourable and marginal climate as defined for the typology. 

 

3.3.4  Frequent renewal  

The EU considers all grassland that that has not been part of an arable rotation for at least five 
years to be permanent grassland Regulation (EU) No 1307/2013). Nevertheless, there are 
important differences between grasslands that are regularly reseeded, albeit at intervals larger 
than five years, and grasslands in which vegetation composition is driven by management and 
site conditions instead. To differentiate between these, all permanent grasslands that are being 
reseeded every 15 years or more frequent�o�Ç�����Œ�������o���•�•�]�(�]���������•���Z�&�Œ���‹�µ���v�š�o�Ç���Œ���v���Á�������P�Œ���•�•�o���v���•�[��
(F). 

�Z�Z���v���Á���o�[�� �]�•�� �����(�]�v������ ���•�� �Œ���•eeded after mostly removing the existing vegetation, whether 
through ploughing, other soil tillage applied to the whole field, or application of total herbicides 
followed by direct drilling. Application of seeds into the existing sward (overseeding) is not 
���}�v�•�]�����Œ������ ���•�� �Z�Œ���v���Á���o�[�U�� ���À���v�� �]�(�� �š�Z���� �À���P���š���š�]�}�v�� �]�•��partly opened up during operation, e.g. by 
harrowing. 
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3.4 Key to  identify permanent grassland type s 

 

Figure 5 Flowchart for classifying permanent grassland into permanent grassland types, to be used with 
Box 2 below, which describes how to calculate the management intensity score Sm, the cutting intensity 
score Sc and the grazing intensity score Sg, and Figure 4 mapping regions with favourable and marginal 
climate. 
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Box 2 Calculating management intensity and type of utilisation 

1. Cutting intensity score (Sc) - What is the average number of cuts per year? 

Include harvest for silage, hay or fresh feeding, but not clean-up cuts after grazing. If the number of cuts 
varies between years, take the average. 

Cuts/yr 0.5 1 1.5 2 2.5 3 3.5 4 4.5 �t 5 

Sc 0.11 0.22 0.33 0.44 0.56 0.67 0.75 0.84 0.93 1.00 

2. Grazing intensity score (Sg) �t What is the yearly number of LU grazing days per ha? 

Multiply the length of each stocking period with the stocking density during this period (livestock units 
(LU) per ha; 1LU ��  500 kg live weight). Sum up for all stocking periods of the year. If grazing only covers 
a small proportion of forage intake, adjust (e.g., 50% of forage intake on pasture, 50% in the barn �Æ LU 
grazing days divided by 2). 

LU �u d/ha/yr 25 50 75 100 125 150 175 200 250 

Sg 0.05 0.10 0.15 0.20 0.25 0.29 0.34 0.37 0.44 
 

         
LU �u d/ha/yr 300 350 400 450 500 600 700 800 �t 900 

Sg 0.51 0.57 0.64 0.69 0.72 0.79 0.86 0.93 1.00 

3. Calculating the utilisation intensity score (Su) 

Add up cutting intensity score and grazing intensity score: 

 Su = Sc + Sg 

4. Fertilisation intensity score (Sf) - How much nitrogen is applied per ha and year? 

Include N from mineral fertilisers, organic fertilisers and excreta from grazing animals. Multiply the 
amount of nitrogen from organic fertilisers (slurry, manure, compost) with 0.7 to account for greater 
losses. Estimate nitrogen excreted by grazing animals (kg/ha) by multiplying the number of livestock-unit 
grazing days with 0.175. 

N input (kg/ha/yr) 10 20 30 40 50 65 80 95 110 

Sf 0.07 0.13 0.20 0.27 0.33 0.39 0.44 0.50 0.56 
 

         
N kg/ha/yr 125 140 160 180 200 220 240 �t 260  

Sf 0.61 0.67 0.72 0.78 0.83 0.89 0.94 1.00  

5. Determining management intensity 

The management intensity score (Sm) is the average of utilisation and fertilisation intensity scores: 

 Sm = (Su + Sf) / 2 

This score is used to determine the management intensity: 

 If Sm  0�t0.33  �Æ Low  

 If Sm  0.33�t0.67  �Æ Medium  

 If Sm  0.67�t1.00  �Æ High 

The difference between utilisation and fertilisation intensity scores must not be greater than 1/3. Should 
this be the case, adjust the values as follows: 

 If Su �t Sf > 0.33  �Æ adjusted Sf = Su �t 1/3 

 If Sf �t Su > 0.33  �Æ adjusted Su  = Sf �t 1/3 

6. Is the grassland mostly grazed or mostly cut? 

Compare grazing intensity score Sg and cutting intensity score Sc: 

 If Sg > Sc �Æ mostly grazed 

 If Sc > Sg �Æ mostly cut 



 

  29 

 

4 Mapping permanent grassland types  

4.1 Approach  

The PG typology has been designed to incorporate aspects that are relevant for PG ecosystem 
service delivery and management decisions. It is intended to be easy to use at the field scale by 
a wide range of stakeholders, with classification mostly based on management data. As there 
are currently no spatially explicit data on grassland management available at a European scale, 
there is no straightforward way to directly map the PG types. Instead, the probability of a certain 
PG type being present needs to be estimated based on suitable spatial data sets that are 
available at a European scale. 

The presence of PG is mapped using the Ecosystem Types of Europe 2012 map (EEA, 2019), 
supplemented by Copernicus High-resolution Layer Grassland 2018 (EEA 2020a). Additional data 
sets on climate, soil properties, relief and nature protection status are used to estimate the most 
likely PG type, based on expert knowledge.  

The criteria used in these mapping rules are summarised in Figure 6 and Table 8. Six climate 
regions were defined based on the length of the thermal vegetation period and the moisture 
regime. Organic soils, stony or shallow soils, wet soils, steep slopes and nature protection status 
are further decision criteria.  

 

 

Figure 6 Map of climate regions used for mapping PG types. VP: vegetation period. For details, see 
section 4.2.2. 
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Table 8 Attributes used for mapping PG types. For details, see sections 4.2.3, 4.2.4 and 4.2.5. 

Attribute Description 

Organic soil Topsoil (0-25 cm) organic carbon content > 6% 

Stony or shallow soil Volume of stones �t 15% or depth to rock < 40 cm 

Wet soil Wet within 80 cm of depth for over 6 months 

Steep Slope �t 20% 

Protected Nature protection under IUCN categories Ia, Ib, II and IV, Sites of Community 
Importance (Habitats Directive), Special Protection Areas (Birds Directive), 
Emerald Network, Ramsar Sites 

 

Using the decision rules based on these criteria, the probability of belonging to each of the PG 
types is calculated for every individual raster grid cell. This results in a probability map for each 
PG type. Due to the inherent uncertainties, more meaningful outputs are created by summing 
up probabilities over larger regions, for example, administrative units. This yields total areas of 
each PG type per region that can then be expressed and mapped as percentage of total land 
area or percentage of PG area in that region. 

4.2 Data sources  

4.2.1  Vegetation data  

Two sets of vegetation data were used: The Ecosystem Types of Europe Map 2012 (EEA, 2019) 
and the Copernicus High-resolution Layer Grassland 2018 (EEA 2020a).  

The Ecosystem Types of Europe Map is available as a geospatial raster with 100-m grid cells (EEA 
2019). It represents the probability of the presence of habitats at the second level of the EUNIS 
habitat classification (Davies & Moss, 2004). It is based on a collection of various data sets, with 
the Corine Land Cover 2012 (CLC; EEA 2020b) being the most important. The CLC 2012 is 
available as geospatial raster with a 100-m grid, but is based on vector data with a minimum 
mapping unit of 25 ha (ETC/ULS, 2019). 

�d�Z���� ���>���� ���}�v�•�]�����Œ�•�� �š�Á�}�� �P�Œ���•�•�o���v���� �o���v���� ���}�À���Œ�� ���o���•�•���•�W�� �Z231 Pastures, meadows and other 
permanent grasslands under agricultural use�[�����v�����Z�ï�î�í���E���š�µ�Œ���o���P�Œ���•�•�o���v���[�X���d�Z���������}�•�Ç�•�š���u���d�Ç�‰���•��
�}�(�� ���µ�Œ�}�‰���� �D���‰�� ���o���•�•�]�(�]���•�� �š�Z���� �(�}�Œ�u���Œ�� ���•�� �Z�u���•�]���[�� �~���î�•�U�� �Z�Á���š�[�� �~���ï�•�U�� �Z���o�‰�]�v���l�•�µ�����o�‰�]�v���[�� �~���ð�•�� ���v����
�Z�•�‰���Œ�•���o�Ç���Á�}�}�������[���~���ó�•���P�Œ���•�•�o���v���•. The latter are classified as �Z���Œ�Ç�[���~���í�•�U���Z�Á���š�[�U���Z���o�‰�]�v���l�•�µ�����o�‰�]�v���[��
�P�Œ���•�•�o���v���•�� �}�Œ�� �Z�]�v�o���v���� �•���o�š�� �•�š���‰�‰���•�[�� �~���ò�•�X�� �d�Z���� ���>���� �o���v���� ���}�À���Œ�� ���o���•�•�� �Z�î�ð�ð�� ���P�Œ�}�(�}�Œ���•�š�Œ�Ç�� ���Œ�����•�[�� �]�•��
���o���•�•�]�(�]���������•���Z�•�‰���Œ�•���o�Ç���Á�}�}���������P�Œ���•�•�o���v���•�[��(Weiss & Banko, 2018; for a list of all mentioned EUNIS 
habitat types, see Table 9). 

Two other CLC land cover classes also contribute to grasslands in the Ecosystem Types of Europe 
Map 2012�W���Z�î�ð�î�����}�u�‰�o���Æ�����µ�o�š�]�À���š�]�}�v���‰���š�š���Œ�v�•�[�����v�����Z243 Land principally occupied by agriculture, 
�Á�]�š�Z�� �•�]�P�v�]�(�]�����v�š�� ���Œ�����•�� �}�(�� �v���š�µ�Œ���o�� �À���P���š���š�]�}�v�[ (Weiss & Banko, 2018). Both describe mosaic 
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landscapes, reflecting that the CLC mapping uses a minimum mapping unit of 25 ha. The 
Ecosystem Types of Europe Map classifies these two land cover classes as either cropland or 
�Z�u���•�]���� �P�Œ���•�•�o���v���[�U�� �����•������ �}�v�� �•���š���o�o�]�š���� �]�u���P���� �š�]�u���� �•���Œ�]���•�� �}�(�� �E���s�/�� �~�E�}�Œ�u���o�]�Ì������ ���]�(�(���Œ���v������
Vegetation Index).  

While the Ecosystem Types of Europe Map 2012 differentiates between six grassland habitat 
types (Table 9), the thematic reliability for the majority of these types is assessed as low (Weiss 
& Banko, 2018). In consequence, only two are considered separately in the mapping rules for 
�š�Z�����W�'���š�Ç�‰���•�U���v���u���o�Ç���Z�]�v�o���v�����•���o�š���u���Œ�•�Z���•�[���~���ò�•�����v�����Z�•�‰���Œ�•���o�Ç���Á�}�}���������P�Œ���•�•�o���v���•�[���~���ó�•�X 

 

Table 9 EUNIS habitat types mapped in the Ecosystem Types of Europe Map 2012 that are included as 
potential PG for the purpose of PG type mapping.  

EUNIS 
habitat 
code* 

EUNIS habitat name* 
Considered to be 
PG 

Considered to 
include areas of 
PG 

D1 Raised and blanket bogs  �u 

D2 Valley mires, poor fens and transition mires  �u 

E1 Dry grasslands �u  

E2 Mesic grasslands �u  

E3 Seasonally wet and wet grasslands �u  

E4 Alpine and subalpine grasslands �u  

E6 Inland salt steppes �u  

E7 Sparsely wooded grasslands �u  

F1 Tundra  �u 

F2 Arctic, alpine and subalpine scrub  �u 

F3 Temperate and mediterranean-montane scrub  �u 

F4 Temperate shrub heathland  �u 

F5 Maquis, arborescent matorral and thermo-
Mediterranean brushes 

 �u 

F6 Garrigue  �u 

* The Ecosystem Types of Europe Map 2012 is based on the 2012 version of the EUNIS habitat types, 
available under https://eunis.eea.europa.eu/habitats-code-browser.jsp, while the crosswalk between 
EUNIS habitat types and PG types that is included in Appendix A is based on the revised version of 
2021, available under https://eunis.eea.europa.eu/habitats-code-browser-revised.jsp (both accessed 
19 February 2024). 

 

�d�Z�Œ�������}�š�Z���Œ�����>�����o���v�����µ�•�������o���•�•���•���u���Ç�����v���}�u�‰���•�•���Œ���o���À���v�š���‰�Œ�}�‰�}�Œ�š�]�}�v�•���}�(���W�'�W���Z�ï�î�î���D�}�}�Œ�•�����v����
�Z�����š�Z�o���v���[�U�� �Z�ï�î�ï�� �^���o���Œ�}�‰�Z�Ç�o�o�}�µ�•�� �À���P���š���š�]�}�v�[�� ���v���� �Z�ð�í�î�� �W�����š���}�P�•�[�X�� ���o�o�� �š�Z�Œ������ �o���v���� �µ�•���� ���o���•�•���•��
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characteristically occur in mosaics with PG. Following the nomenclature guidelines such PG 
areas are included in the three respective land use classes, if they are smaller than 25 ha 
(ETC/ULS, 2019). The Ecosystem Types of Europe Map 2012 classifies these CLC land use classes 
�v�}�š�����•���P�Œ���•�•�o���v���•�U�����µ�š�����•�����h�E�/�^���Z�����]�š���š���š�Ç�‰���•�������o�}�v�P�]�v�P���š�}���Z�,�����š�Z�o���v���U���•���Œ�µ�������v�����š�µ�v���Œ���[���~�&�í-F9) 
�}�Œ���Z�D�]�Œ���•�U�����}�P�•�����v�����(���v�•�[���~���í-D8). Nevertheless, the mapping rules for the PG types assume that 
a small percentage of these areas actually consists of PG. 

In summary, of the 39 terrestrial habitats mapped in the Ecosystem types of Europe Map 2012, 
the PG type mapping rules consider six to be PG, and eight more to include relevant proportions 
of PG (Table 9). The latter are included in the mapping process, together with a probability of 
each instance representing PG as defined in the project.  

A preliminary map of PG and potential PG from the Ecosystem Types of Europe Map 2012 
revealed that in some regions, known areas of PG were not captured. Often, these were located 
in areas with considerable small-scale heterogeneity of land uses, especially mixed arable and 
grassland landscapes. The Copernicus High-resolution Layer Grassland 2018 appeared to 
capture PG in these regions better, but recognised smaller areas of PG than the Ecosystem Types 
of Europe map (Figure 7). 

 

 

Figure 7 Differences in PG mapping between Ecosystem Types of Europe Map 2012 (ETEM) and Corine 
High-Resolution Layer Grassland 2018 (HRGL), illustrated by a map of Switzerland, with areas classified as 
PG by ETEM (only habitat types E1�tE7 considered here), by HRGL or by both. HRGL identifies PG in the 
small-structured mixed arable and grassland landscape of the Central Plateau that is not mapped by 
ETEM. The opposite tends to be the case in the area of the Swiss Alps.  
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Accordingly, the Ecosystem Types of Europe Map 2012 was chosen as the primary base for 
�u���‰�‰�]�v�P�� �W�'�� �š�Ç�‰���•�U�� ���µ�š�� ���Œ�����•�� ���o���•�•�]�(�]������ ���•�� �Z���Œ�����o���� �o���v���•�� ���v���� �u���Œ�l���š�� �P���Œ�����v�•�[�� �~�/�í�•�� �š�Z���š�� �Á���Œ����
mapped as PG by the High-resolution Layer were reclassified to PG. 

4.2.2  Climate data  

Climate indicators based on the 1981�t2010 reference period were obtained from the GAEZ v4 
datasets (FAO, 2021), which consist of a geospatial raster with 5 arc-minute grid cells. Restriction 
of annual grass growth by long winters is evaluated through the length of the temperature 
growing period, LGPt5, i.e. the number of days per year with an average daily temperature 
above 5 °C. Restriction through prolonged summer drought is captured through the annual 
moisture availability index, P/ETo, where P is the annual precipitation and ETo the reference 
evapotranspiration according to the Penman�æMonteith equation (Fischer et al., 2021).  

These data are used to define six climate regions (Table 10, Figure 6): three representing 
�Z�u���Œ�P�]�v���o�����o�]�u���š���[�����v�����š�Z�Œ�������Z�(���À�}�µ�Œ�����o�������o�]�u���š���[�����•�������(�]�v�������]�v���š�Z�����š�Ç�‰�}�o�}�P�Ç���~�•������section 3.3.3). 
Irrespective of the moisture availability index, areas with LGPt5 of less than 170 d, or between 
�í�ó�ì�������š�}���î�î�ñ�����U�����Œ�������o���•�•�]�(�]���������•�����o�]�u���š�����Œ���P�]�}�v�•���Á�]�š�Z���Z�À���Œ�Ç���•�Z�}�Œ�š�[���}�Œ���Z�•�Z�}�Œ�š�[���À���P���š���š�]�}�v���‰���Œ�]�}���U��
respectively. If the temperature growing period is 225 d or more, but the moisture availability 
index is less than 0.8, or between 0.8 and 1.2, the area is classified as a �Z���Œ�Ç�[�� �}�Œ�� �Z�•�µ���Z�µ�u�]���[��
climate region, respectively. Areas with a moisture availability index of at least 1.2 fall into one 
�}�(���š�Á�}�����o�]�u���š�����Œ���P�]�}�v�•�W���Z�Z�µ�u�]�����Á�]�š�Z���v�}�Œ�u���o���À���P���š���š�]�}�v���‰���Œ�]�}���[�U���]�(���>�'�W�š5 is at least 225 d but less 
�š�Z���v���î�ó�ì�����U�����v�����Z�Z�µ�u�]���U���o�}�v�P���À���P���š���š�]�}�v���‰���Œ�]�}���[�U���]�(���>�'�W�š5 is 270 d or longer. 

 

Table 10 Definition of climate regions used for mapping PG types. VP: vegetation period; P: annual 
precipitation, ETo: annual reference evapotranspiration. 

Climate region 
Length of temperature 
vegetation period (LGPt5) 

Moisture availability 
index (P/ETo) 

Category 

Very short VP LGPt5 < 170 d any 
Marginal  
climate 
region 

Short VP 170 d �d LGPt5 < 225 d any 

Dry LGPt5 �t 225 d P/ETo < 0.8 

Subhumid LGPt5 �t 225 d 0.8 �d P/ETo < 1.2 
Favourable 
climate 
region 

Humid, normal VP 225 d �d LGPt5 < 270 d P/ETo �t 1.2 

Humid, long VP LGPt5 �t 270 d P/ETo �t 1.2 

Historical climate data rather than data incorporating climate projections are used, as predicting 
management changes in response to changing extents of the climate regions would add an 
additional layer of uncertainty. 
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4.2.3  Soil Data 

Soil data are taken from the European Soil Data Base (ESDB) v2.0 (European Commission & 
European Soil Bureau Network, 2004), which are available as a geospatial raster with 1 km grid 
cells (Hiederer & Jones, 2009). The raster data set is produced from a vector map with a 
resolution of 1:1,000,000 and a minimum mapping unit of 9 ha. The ESDB attributes OC_TOP, 
�t�Z�����v�������'�>�/�D�í�l���'�>�/�D�î���Á���Œ�����µ�•�������š�}�������(�]�v�����Z�}�Œ�P���v�]�����•�}�]�o�[�U���Z�Á���š���•�}�]�o�[�����v�����Z�•�Z���o�o�}�Á���}�Œ���•�š�}�v�Ç���•�}�]�o�[�U��
respectively (Table 11). 

 

Table 11 Description of soil attributes used for mapping PG types. ESDB: European Soil Data Base. 

Mapping 
attribute 

ESDB attribute ESDB attribute levels 

Organic 
soil 

OC_TOP: Topsoil organic 
carbon content 

H: High (> 6 %) 

Wet soil WR: Water regime 3: Wet within 80 cm for over 6 months, but not wet within 40 
cm for over 11 months 

Stony or 
shallow 
soil 

AGLIM1 and AGLIM2: 
Dominant and secondary 
limitation to agricultural 
use 

2: Gravelly (over 35% gravel diameter < 7.5 cm) 

3: Stony (presence of stones diameter > 7.5 cm, impracticable 
mechanisation) 

4: Lithic (coherent and hard rock within 50 cm) 

5: Concretionary (over 35% concretions diameter < 7.5 cm 
near the surface) 

(Condition met if either AGLIM1 or AGLIM2 correspond to one 
of these levels) 

 

4.2.4  Slope  data 

The slope data used is based on a geospatial raster with 25-m grid cells that was derived from 
the EU Digital Elevation Model v1.0 (EEA, 2013).  

4.2.5  Data on nature protection status  

Data on nature protection status were obtained from the World Data Base of Protected Areas 
(UNEP-WCMC & IUCN, 2023), which contains spatial polygons of areas protected under different 
�����•�]�P�v���š�]�}�v�X�� �d�Z���� �(�}�o�o�}�Á�]�v�P�� �����š���P�}�Œ�]���•�� �Á���Œ���� �]�v���o�µ�������� ���•�� �Z�‰�Œ�}�š�����š�����[�� �(�}�Œ�� �š�Z���� �‰�µ�Œ�‰�}�•���� �}�(�� �W�'��
mapping:  

- IUCN categories Ia, Ib, II and IV 
- Sites of Community Importance (Habitats Directive) 
- Special Protection Areas (Birds Directive) 
- Emerald Network 
- Ramsar Sites 
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4.2.6  Administrative boundaries  

Administrative boundaries of the Nomenclature of Territorial Units for Statistics (NUTS) of 2021 
at level three (NUTS-3) are taken from Eurostat (2020), as vector data with a resolution of 
�í�W�í�[�ì�ì�ì�[�ì�ì�ì�X 

4.2.7  Data processing   

�^�‰���š�]���o�� �����š���� �Á���Œ���� �‰�Œ�}�����•�•������ �µ�•�]�v�P�� �š�Z���� �‰�����l���P���� �Z�š���Œ�Œ���[�� �~�,�]�i�u���v�•�U�� �î�ì�î�ï�•�� �}�(�� �š�Z���� �Z�� �•�š���š�]�•�š�]�����o��
computing environment (R Core Team, 2022). All data were projected to the ETRS89-extended 
/ LAEA Europe (EPSG 3035) projection. Slope data were aggregated to the 100-m grid of the 
Ecosystem Types of Europe Map 2012, using the maximum value as the aggregated value. All 
other raster data were resampled to that grid, using bilinear interpolation. Vector data were 
rasterized to the same grid as well. 

All spatial rasters were cross-tabulated to create a contingency table of pixel-by-pixel groups 
with identical values across all raster layers. This table was used to apply the decision rules 
described in the following section. Pixels with missing values due to edge effects stemming from 
different spatial resolution or precision of raster layers were removed from the analysis. 

4.3 Mapping rules  

4.3.1  EUNIS grassland habitats  

4.3.1.1 Overview  

These mapping rules are applied to all areas mapped as grasslands (E1�tE7) in the Ecosystem 
Types of Europe Map 2012, and to those PG areas from the Copernicus High-resolution Layer 
Grassland 2018 that were included in addition to those (see section 4.2.1 and Table 9). 

The first step determines the probability that a PG is without agricultural management and the 
contingent probability that such a grassland is then prone to succession. The second step 
determines four contingent probabilities in the case that PG is agriculturally managed: The 
probability of being frequently renewed; the probability being managed with either high, 
medium or low intensity; the probability of being predominantly grazed; and the probability of 
being predominantly cut. The probabilities of frequent renewal and of a certain management 
intensity, together with the location of the PG in a specific climate zone, allow to calculate how 
probable it is for the PG to belong to the following level-one PG types: G, H, MF, MM, LF, LM, or 
to the level-two PG types WT_M, WT_L. For the level-one PG types, multiplying this with the 
probability of being grazed yields probabilities for the corresponding level-two PG types as well 
(Figure 8). 

The mapping rules outlined in the following sections generally consist of a base probability that 
is defined by the climate region of a location. This base probability is then modified by the 
presence of any of the attributes listed in Table 8. 
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Figure 8 Decision tree for classifying �Œ���•�š���Œ���P�Œ�]���������o�o�•���u���‰�‰���������•���Z�����t �'�Œ���•�•�o���v���[���]�v���š�Z���������}�•�Ç�•�š���u���d�Ç�‰���•���}�(��
Europe Map 2012 or included as PG from the Copernicus High-resolution Layer Grassland 2018. For 
explanation of the PG type codes, see Table 2. 

 

4.3.1.2 Probability of being without agricultural management  

The probability of PG being without agricultural management is seen to be mostly influenced by 
limitations to agricultural use, such as wet soil, steep slope or the presence of trees. Similarly, it 
was assumed to be lowest in the most favourable climate region and highest in the most 
marginal ones. Conversely, a status of nature protection should increase financial support to 
manage PG even in the face of agricultural limitations (Table 12). The final probability of being 
without agricultural management is obtained by multiplying all of the probabilities in Table 12 
that apply to a grid cell. 
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Table 12 Probability for EUNIS grassland habitats to be without agricultural management. VP: vegetation 
period. 

Climate region 
Base 
probability 

Modifier 

Wet soil 
Steep  
slope 

Protected 
EUNIS habitat E7 �t 
�ZSparsely wooded 
�P�Œ���•�•�o���v���•�[ 

Very short VP 0.04 

�u 1.3 �u 2 �u 0.5 �u 1.2 

Short VP 0.04 

Dry 0.03 

Subhumid 0.02 

Humid, normal VP 0.02 

Humid, long VP 0.01 

 

4.3.1.3 Probability of being prone to non -grassland succession  

The probability that PG that is not under agricultural management is prone to succession 
towards non-grassland vegetation (e.g., shrub encroachment) over the long term is listed in 
Table Table 13. The values reflect the fact that the large majority of European PG owes its 
existence to human intervention and would revert to habitats dominated by woody plants 
without it (Dengler et al., 2014), the exceptions being areas above the altitudinal / latitudinal 
tree line, those on very dry sites and small areas of zonal Steppe grasslands in the eastern part 
of Europe. The final probability of being prone to succession if there is no agricultural 
management is obtained by multiplying all of the probabilities in Table 13 that apply to a grid 
�����o�o�X���d�Z�������Æ�����‰�š�]�}�v���]�•���W�'���u���‰�‰���������•���Z���ó���t �^�‰���Œ�•���o�Ç���Á�}�}���������P�Œ���•�•�o���v���•�[�U���Á�Z���Œ�����]�š���]�•�����o�Á���Ç�•���í�ì�ì�9�U��
as the site evidently supports the growth of woody plants.  
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Table 13 Probability for EUNIS grassland habitats without agricultural management to be prone to 
succession towards non-grassland vegetation. VP: vegetation period. 

Climate region 
Base 
probability 

Modifiers 

EUNIS habitat 
�Z���ó���t Sparsely wooded 
�P�Œ���•�•�o���v���•�[ 

EUNIS habitat  
�Z���ò���t Inland salt 
steppes 

Very short VP 0.95 

= 1.00 �u 0.5 

Short VP 0.98 

Dry 0.90 

Subhumid 0.99 

Humid, normal VP 1.00 

Humid, long VP 1.00 

 

Examples: Grasslands being without management 

1. PG in ���h�E�/�^���Z�����]�š���š�����ò���~�/�v�o���v�����•���o�š���•�š���‰�‰���•���]�v�����o�]�u���š�����Œ���P�]�}�v���Z�•�µ���Z�µ�u�]���[�U���‰�Œ�}�š�����š���� 

Probability p of PG type U: p = min(0.02 �u 0.5, 0.01)  = 0.01 

Probability p of PG type U_NGL: p = 0.01 �u 0.99 �u 0.5  = 0.00495 

Probability p of PG type U_GL: p = 0.01 �t 0.00495  = 0.00505 

�î�X���W�'���]�v�����o�]�u���š�����Œ���P�]�}�v���Z���Œ�Ç�[�U���•�š�����‰  

Probability p of PG type U: p = 0.03 �u 2  = 0.06 

Probability p of PG type U_N: p = 0.06 �u 0.9  = 0.054 

Probability p of PG type U_G: p = 0.06 �t 0.054 = 0.006 

 

4.3.1.4 Probability for low, intermediate or high management intensity  

Management is assumed to be strongly affected by climate (Table 14). The probability of high 
�u���v���P���u���v�š�� �]�v�š���v�•�]�š�Ç�� �]�•�� �•���š�� �š�}�� �Ì���Œ�}�� �(�}�Œ�� ���o�]�u���š���� �Œ���P�]�}�v�•�� �Z�s���Œ�Ç�� �•�Z�}�Œ�š�� �s�W�[�� ���v���� �Z� �̂Z�}�Œ�š�� �s�W�[�U�� ���v����
�]�v���Œ�����•���� �(�Œ�}�u�� �Z���Œ�Ç�[�� �}�À���Œ�� �Z�^�µ���Z�µ�u�]���[�����v���� �Z�,�µ�u�]���U�� �v�}�Œ�u���o���s�W�[�� �š�}�� �Œ�������Z�� �ð�ñ�9�� �]�v�� ���o�]�u���š���� �Œ���P�]�}�v��
�Z�,�µ�u�]���U���o�}�v�P���s�W�[�X���d�Z�����‰�Œ�}�������]�o�]�š�Ç���}�(���o�}�Á���u���v���P���uent intensity follows the opposite gradient, 
�Á�]�š�Z���ó�ñ�9���µ�v�����Œ���Z�s���Œ�Ç���•�Z�}�Œ�š���s�W�[�����v�����ñ�9���µ�v�����Œ���Z�,�µ�u�]���U���o�}�v�P��VP�[�X���E���š�µ�Œ�����‰�Œ�}�š�����š�]�}�v���•�š���š�µ�•�U���•�š�����‰��
slopes, organic and wet soil decrease the probability of high management intensity and increase 
�š�Z���š�� �}�(�� �o�}�Á�� �u���v���P���u���v�š�� �]�v�š���v�•�]�š�Ç�X�� ���v�� ���Æ�����‰�š�]�}�v�� �]�•�� �u�������� �(�}�Œ�� ���o�]�u���š���� �Œ���P�]�}�v�� �Z���Œ�Ç�[�U��where the 
availability of more soil moisture through groundwater or flooding may make higher 
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management intensity possible and wet soils are thus assumed to increase the probability of 
high management intensity and decrease that of low management intensity. While high 
management intensity is assumed to never occur on steep slopes, being located in an area under 
nature protection does not fully preclude presence of high management intensity, as not all of 
the categories of protected areas (see section 3.2.5) put management restriction on all the PG 
that is situated within their borders.  

All modifiers to the base probability are applied first to the probability for high management 
intensity. If this probability is reduced through the modifiers, the amount by which it is reduced 
is added to the probability of medium management intensity. After that, the modifiers for 
medium intensity are applied to the resulting value. If overall management intensity increases 
(modifiers > 1), probabilities are calculated analogously: the amount by which the probability of 
high management intensity increases is subtracted from the probability of medium 
management intensity. The modifiers for medium management intensity is then applied to the 
resulting value. In each case, the probability for low management intensity is then calculated as 
one minus the probabilities for high and for medium management intensity. 

A special case are areas classified as �Z���ó���t �'�Œ���•�•�o���v���� �Á�]�š�Z�� �•�‰���Œ�•���o�Ç�� �Á�}�}�������� �š�Œ�����•�[ by the 
Ecosystem Types of Europe Map 2012, and which form the level-one �W�'���š�Ç�‰�����Z�t�d���t Woody plant 
(mostly tree) �H�����}�À���Œ���í�ì�9�[. For these, the probability of low management intensity is determined 
as described above. This value, multiplied by two, is the contingent probability that this PG 
belongs to the level-�î���W�'���š�Ç�‰�����Z�t�d-L �t Woody plant (mostly tree) �H��cover 10%�U���o�}�Á���]�v�š���v�•�]�š�Ç�[�X��
�&�}�Œ���W�'���š�Ç�‰�����Z�t�d�[�U���v�}�����]�(�(���Œ���v�š�]���š�]�}�v���]�•���u����������etween medium and high management intensity, 
as the latter is presumed to be very rare. Instead, the contingent probability for PG type �ZWT_M�t 
Woody plant (mostly tree) �H�����}�À���Œ�� �í�ì�9�U�� �u�����]�µ�u�� �]�v�š���v�•�]�š�Ç�[�� �]�•�� �����o���µ�o���š������ ���•�� �}�v���� �u�]�v�µ�•�� �š�Z����
probability of PG type �ZWT-L'. 

 

Table 14 Probability for EUNIS grassland habitats under agricultural management to be managed at high, 
medium or low intensity. VP: vegetation period. Note: The effect of organic or wet soil is not considered 
for PG in areas of nature protection. 

Manage-
ment 
intensity 

Base probability 
per climate region 

Modifiers 
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Steep 
slope 

Organic 
soil 

Wet soil 

Climate 
region 
�Z��ry�[ 

Other 
climate 
region 

High 0.00 0.00 0.05 0.15 0.30 0.45 �u 0.1 �u 0 �u 0.8 �u 2.0 �u 0.7 

Medium 0.25 0.40 0.35 0.60 0.55 0.50 �u 0.4 �u 0.3 �u 0.9 �u 1.8 �u 0.8 

Low 0.75 0.60 0.60 0.25 0.15 0.05 rest rest rest rest rest 
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4.3.1.5 Probability of being frequently renewed  

W�]�š�Z�]�v���š�Z�����W�'���š�Ç�‰�}�o�}�P�Ç�U���Z�(�Œ���‹�µ���v�š�o�Ç���Œ���v���Á�����[��implies the full destruction of the existing sward, 
mechanically or by herbicide, followed by re-sowing, at intervals of 15 years or less. It is assumed 
that the probability of frequent renewal generally increases the more favourable the climate is 
for grass growth. Organic, wet and stony or shallow soil should decrease the probability of 
frequent renewal. PG in nature protection areas, on steep slopes and PG with > 10% cover of 
trees are expected to never fall into the PG type of frequently renewed grassland.  

The final probability that agriculturally managed grassland is frequently renewed is obtained by 
multiplying all of the probabilities in Table 15 that apply to a grid cell. This probability is 
determined independent of the probability of management intensity levels. While PG, for 
example, can be both frequently renewed and have a high management intensity, it can only 
�����o�}�v�P�� �š�}�� ���]�š�Z���Œ�� �W�'�� �š�Ç�‰���� �Z�&���t �&�Œ���‹�µ���v�š�o�Ç�� �Œ���v���Á������ �W�'�[�� �}�Œ�� �W�'�� �š�Ç�‰���� �Z�,���t �Z�,�]�P�Z-�]�v�š���v�•�]�š�Ç�� �W�'�[. 
According to the typology, type �ZF�[ takes priority, i.e., all frequently renewed PG belongs to this 
type. The mapping algorithm therefore first calculates the probabilities of PG belonging to types 
�Z�,�[�����v���������o�}�v�P�]�v�P���š�}���š�Ç�‰�����Z�D�D �t �D�����]�µ�u���]�v�š���v�•�]�š�Ç���W�'�U���u���Œ�P�]�v���o�����o�]�u���š���[�X For the climate regions 
�Z�^�µ���Z�µ�u�]���[�U�� �Z�,�µ�u�]���U�� �v�}�Œ�u���o�� �À���P���š���š�]�}�v�� �‰���Œ�]�}���[�� ���v���� �Z�,�µ�u�]���U�� �o�}�v�P�� �À���P���š���š�]�}�v�� �‰���Œ�]�}���[, the 
�‰�Œ�}�������]�o�]�š�Ç���}�(�������]�v�P���š�Ç�‰�����Z�&�[���]�•���•�µ���š�Œ�����š�������(�Œ�}�u���š�Z�����‰�Œ�}�������]�o�]�š�Ç���}�(�������]�v�P���š�Ç�‰�����Z�,�[�X���&�}�Œ���š�Z�������o�]�u���š����
�Œ���P�]�}�v���Z�^�Z�}�Œ�š���À���P���š���š�]�}�v���‰���Œ�]�}���[���]�š���]�•���•�µ���š�Œ�����š�������(�Œ�}�u���š�Z�����‰�Œ�}�������]�o�]�š�Ç���}�(���W�'���š�Ç�‰�����Z�D�D�[�X���&�}�Œ���š�Z����
���o�]�u���š�����Œ���P�]�}�v���Z���Œ�Ç�[�U���Z���o�(���}�(���]�š���]�•���•�µ���š�Œ�����š�������(�Œ�}�u���š�Z�����‰�Œ�}�������]�o�]�š�Ç���}�(���š�Ç�‰�����Z�,�[�����v�����Z���o�(���(�Œ�}�u���š�Z����
�‰�Œ�}�������]�o�]�š�Ç���}�(���š�Ç�‰�����Z�D�D�[�X 

 

Table 15 Probability for EUNIS grassland habitats under agricultural management to be frequently 
renewed (�d 15 years). VP: vegetation period. 

Climate region 
Base 
probability  
 

Modifiers 

Protected 
or steep 

EUNIS habitats  
E6 & E7 �t 

Salt marshes, 
Sparsely wooded 
grasslands 

Organic 
soil 

Stony / 
shallow 

Wet soil 

Very short VP 0 

�u 0 �u 0 �u 0.3 �u 0.5 

�u 0.5 

Short VP 0.05 �u 0.5 

Dry 0.05 �u 1.0 

Subhumid 0.10 �u 0.5 

Humid, normal VP 0.10 �u 0.5 

Humid, long VP 0.15 �u 0.5 
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Examples: Probability p of being �Zfrequently renewed�[ 

���o�]�u���š�����Œ���P�]�}�v���Z���Œ�Ç�[�U�� 
wet and organic soil 

p = 0.05 �u 1.0 �u 0.3  =  0.0150 

���o�]�u���š�����Œ���P�]�}�v���Z�•�Z�}�Œ�š���À���P���š���š�]�}�v���‰���Œ�]�}���[�U�� 
wet and organic soil: 

p = 0.05 �u 0.5 �u 0.3  =  0.0075 

���o�]�u���š�����Œ���P�]�}�v���Z�•�Z�}�Œ�š���À���P���š���š�]�}�v���‰���Œ�]�}���[�U��
stony/shallow soil, steep: 

p = 0 

 

4.3.1.6 Probability of being predominantly grazed  

The decision rules assume that grazing plays an increasing importance with increasing length of 
the vegetation period available for grass growth. Steep slopes and PG with high cover of trees 
should be particularly likely to be grazed rather than cut due to the difficulty of mechanisation. 
Organic soil increases the probability of grazing as well, though less strongly. Compared to 
medium- or high-intensity-PG, PG under low management intensity is seen to be more likely to 
be grazed as such PG is more frequently found at sites with limitations to mechanisation. Cutting 
PG of very low yields also leads to high costs per harvested biomass, making grazing more 
�����}�v�}�u�]�����o�o�Ç�� ���š�š�Œ�����š�]�À���X�� ���h�E�/� �̂� �Z�����]�š���š�� �Z���ò���t �/�v�o���v���� �•���o�š�� �•�š���‰�‰���[�� �]�•�� ���•�•�µ�u������ �š�}�� ������ ���Æ���o�µ�•�]�À���o�Ç��
grazed. 

For all other areas, the final probability that agriculturally managed grassland is predominantly 
grazed rather than cut is obtained by multiplying all of the probabilities in Table 16. 

 

Table 16 Probability for EUNIS grassland habitats under agricultural management to be predominantly 
grazed rather than cut. VP: vegetation period. 

Climate region 
Base proba-
bility 

Modifiers for presence of other attributes 

EUNIS habitat 
���ò���Z�/�v�o���v�����•���o�š��
�•�š���‰�‰���•�[ 

EUNIS habitat 
���ó���Z�^�‰���Œ�•���o�Ç��
wooded 
�P�Œ���•�•�o���v���•�[ 

Steep 
slope 

Low 
manage-
ment 
intensity 

Organic 
soil 

Very short VP 0.30 

= 1.00 �u 2.0 �u 2.0 �u 2.0 �u 1.2 

Short VP 0.30 

Dry 0.50 

Subhumid 0.40 

Humid, normal VP 0.40 

Humid, long VP 0.50 
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4.3.2 EUNIS bog and scrub habitats  

These mapping rules are applied to those habitat types mapped as �ZHeathland, �•���Œ�µ�������v�����š�µ�v���Œ���[��
(F1-F6�•���}�Œ���Z�D�]�Œ���•�U�����}�P�•�����v�����(���v�•�[���~���í, D3) in the Ecosystem Types of Europe Map 2012 that were 
assumed to encompass relevant proportions of PG (see section 4.2.1 and Table 9)  

For these areas, the first step determines the probability that the area actually corresponds to 
the project definition of PG. The second step then determines the contingent probabilities that 
such a PG is without agricultural management and, if so, that it is prone to succession (Figure 9). 

Under the condition that they can be considered PG and are agriculturally managed, the 
�Z�,�����š�Z�o���v���U�� �•���Œ�µ���� ���v���� �š�µ�v���Œ���[�� �~�&�í-�&�ò�•�� �Z�����]�š���š�•�� ���o�o�� �����o�}�v�P�� �š�}�� �š�Z���� �W�'�� �š�Ç�‰���� �Z�t� �̂�- Woody plant 
�~�u�}�•�š�o�Ç���•�Z�Œ�µ���•�����}�À���Œ���H���í�ì�9�[�X���d�Z�����o���•�š���•�š���‰�����‰�‰�o�]���•���š�Z�����‰�Œ�}�������]�o�]�š�Ç���š�Z���š���š�Z���Ç�����Œ�����u���v���P���������š���o�}�Á��
�]�v�š���v�•�]�š�Ç�U���š�}�����]�•�š�]�v�P�µ�]�•�Z�������š�Á�����v���š�Z�����W�'���š�Ç�‰���•���Z�t�^-�>�[�����v�����Z�t�^-�d�[���~Figure 9). 

���o�o�� �Z�D�]�Œ���•�U�� ���}�P�•�� ���v���� �(���v�•�[�� �Z�����]�š���š�•�� �~���í�U�� ���ï�•�� �š�Z���š�� ���Œ���� ���}�v�•�]�����Œ������ �W�'�� ���v���� ���Œ���� ���P�Œ�]���µ�o�š�µ�Œ���o�o�Ç��
managed are assumed to be managed at low intensity and predominantly by grazing rather than 
cutting. The climate region in which they are located then decides whether they are assigned to 
�š�Z�����W�'���š�Ç�‰�����Z�>�D-�'�[���}�Œ���Z�>�&-�'�[ (Figure 9). 

 

 

Figure 9 �������]�•�]�}�v�� �š�Œ������ �(�}�Œ�� ���o���•�•�]�(�Ç�]�v�P�� �Œ���•�š���Œ�� �P�Œ�]���� �����o�o�•�� �u���‰�‰������ ���•�� �Z�����t �D�]�Œ���•�U�� ���}�P�•�� ���v���� �(���v�•�[�� �}�Œ�� �ZS �t 
�,�����š�Z�o���v���U���•���Œ�µ�������v�����š�µ�v���Œ���[ and included in the mapping process. The probability values listed in Table 
17 correspond to the paths marked by red rather than grey arrows. For explanation of the PG type codes, 
see Table 2. 

 

The values chosen for all these probabilities, based on expert opinion, are shown in Table 17. 
The probability that any given location of one of these habitat types represents PG ultimately 
depends on the mapping process of the Corine Land Cover 2012 (CLC; EEA 2020b), specifically 
�(�}�Œ���š�Z�����o���v�����µ�•���������š���P�}�Œ�]���•���Z�ï�î�î���D�}�}�Œ�•�����v�����Z�����š�Z�o���v���[�U���Z�ï�î�ï���^���o���Œ�}�‰�Z�Ç�o�o�}�µ�•���À���P���š���š�]�}�v�[�����v�����Z�ð�í�î��
�W�����š���}�P�•�[�X���t�]�š�Z���v�}���(�µ�Œ�š�Z���Œ���]�v�(�}�Œ�u���š�]�}�v�����À���]�o�����o���U�����v���������•�������}�v���Œ���v���}�u�����•�•���•�•�u���v�š�•���}�(���l�v�}�Á�v��
locations, a conservative value of 5% probability was chosen. Under the assumption that 
unmanaged PG in these habitat complexes had a high probability of being prone to succession 
towards non-grassland (80-100%), any PG found there would have a relatively high likelihood of 
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being under agricultural management, leading to a 20% probability of it being unmanaged. In 
virtually all cases, these habitats would only support low-intensity management. Only in the 
cases of Maquis and Garrigue, was a 10% probability of higher management intensity assumed. 

 

Table 17 Probabilities used to map raster grid cells classified as EUNIS level-�í���Z�����]�š���š�•���Z�D�]�Œ���•�U�����}�P�•�����v����
�(���v�•�[��or �Z�,�����š�Z�o���v���U���•���Œ�µ�������v�����š�µ�v���Œ���[��to PG types. 

EUNIS habitat  
level 1  

EUNIS habitat level 2 

Probability  

PG Un-
managed 

Succession to 
non-grassland 

Low 
manage-
ment 
intensity 

D Mires, 
bogs and 
fens 

D1 Raised & blanket bogs 0.05 0.20 0.80 1.00 

D3 Aapa, palsa & polygon mires 0.05 0.20 0.80 1.00 

F Heath-
land, scrub 
and tundra 

F1 Tundra 0.05 0.20 0.90 1.00 

F2 Arctic/(sub-) alpine scrub 0.10 0.20 1.00 1.00 

F3 Temperate and mediterranean-
montane scrub 

0.05 0.20 1.00 1.00 

F4 Temperate scrub heathland 0.10 0.20 1.00 1.00 

F5 Maquis 0.05 0.20 1.00 0.90 

F6 Garrigue 0.05 0.20 1.00 0.90 

 

���Æ���u�‰�o���W�����h�E�/�^���Z�����]�š���š���Z�&�ò���'���Œ�Œ�]�P�µ���[���o�}�����š�������]�v���u���Œ�P�]�v���o�����o�]�u���š�� 

Probability p of not being PG: p = 1 �t 0.05 = 0.95  

Probability p of PG type U_NGL: p = 0.05 �u 0.20 �u 1.00 = 0.010 

Probability p of PG type WS_L: p = 0.05 �u (1 �t 0.20) �u 0.90 = 0.036 

Probability p of PG type WS_M: p = 0.05 �u (1 �t 0.20) �u 0.10 = 0.004 
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4.4 Results  

The spatial coverage of the mapped area was based on data availability and biogeographic zones 
covered in the project. It consists of the area of the EU-28, including the United Kingdom, but 
excluding Cyprus, the Outermost Regions (OMR) and the Overseas Countries and Territories 
(OCT). Additionally, it covers Norway, Switzerland, Liechtenstein, Serbia, Montenegro, North 
Macedonia and Albania. Maps showing the percentage of total area and the percentage of PG 
area covered by each PG type at the resolution of NUTS level-3 regions can be found in Appendix 
B�X�����•�����v�����Æ���u�‰�o���U���š�Z�����u���‰�•���(�}�Œ���W�'���š�Ç�‰�����Z�,���t High-�]�v�š���v�•�]�š�Ç���W�'�[�����Œ�����•�Z�}�Á�v��in Figure 10. 

 

  

Figure 10 Example for the PG type maps contained in Appendix B. Percentage of total land area (left) or 
total PG area �~�Œ�]�P�Z�š�•�����}�À���Œ���������Ç���W�'���š�Ç�‰�����Z�,���t High-�]�v�š���v�•�]�š�Ç���'�Œ���•�•�o���v���[�X 

 

The distribution of PG types among the biogeographical regions is summarised in Figure 11, 
Table 18, Table 19 and Table 20. These figure and tables present values from the mapped area 
as described above, but exclude small areas falling into the Arctic, Steppic and Black Sea regions. 
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Figure 11 Area of the level-one permanent grassland types across biogeographical regions. For an 
explanation of the PG type codes, see Table 2. 

 

The total PG area across all PG types was close to 1 Mio km2 (Table 18�•�U���}�(���Á�Z�]���Z���Z�D�&�[�����v�����Z�>�D�[��
made up around one quarter each, and MM and LF 15% and 14%, respectively. PG with a woody 
plant cover �H 10% contributed the smallest area of only 2.7% of all PG (Table 20). 

Around 30% of the total PG area was found in the Atlantic and Continental regions, each (Table 
20). Among biogeographic regions, the Atlantic region also held the largest areas for the PG 
�š�Ç�‰���•���Z�&�[�U���Z�,�[�U���Z�D�&�[�����v�����Z�>�&�[�U���Á�]�š�Z���ð�ò�t57% of the total area of each of these PG types. The area of 
�W�'���š�Ç�‰�����Z�D�D�[���Á���•���P�Œ�����š���•�š���]�v���š�Z�������}�v�š�]�v���v�š���o�����v�������š�o���v�š�]�����Œ���P�]�}�v�•�U���Á�]�š�Z���Œ�}�µ�P�Z�o�Ç���}�v�����š�Z�]�Œ�����}�(���š�Z����
�š�}�š���o�����Œ�����U���������Z�X���d�Z�������}�v�š�]�v���v�š���o���Œ���P�]�}�v�����o�•�}���Z���o�����š�Z�����o���Œ�P���•�š�����Œ�������}�(���W�'���š�Ç�‰�����Z�>�D�[�U���(�}�o�o�}�Á���������Ç��
the Mediterranean and Alpine regions. PG t�Ç�‰���� �Z�t�^�[�� �Á���•�� �‰�Œ�����}�u�]�v���v�š�o�Ç�� �(�}�µ�v���� �]�v�� �š�Z���� ���o�‰�]�v���U��
�D�����]�š���Œ�Œ���v�����v�����v�������}�Œ�����o���Œ���P�]�}�v�•�U�����v�����W�'���š�Ç�‰�����Z�t�d�[���v�����Œ�o�Ç�����Æ���o�µ�•�]�À���o�Ç���]�v the Mediterranean 
region (Table 18). 

While Table 18 indicates the importance of each biogeographic region for the occurrence of the 
PG types in the mapped area, Table 19 and Table 20 quantify the importance of each PG type 
within the region, in terms of its share of total land cover. Overall, the percentage of land made 
up of PG was highest in the Atlantic region, with 34%, and lowest in the Boreal region, with only 
7%. In the other biogeographic regions, this value ranged around the overall mean of 20%. 

�/�v���š�Z�������š�o���v�š�]�����Œ���P�]�}�v�U���Z�D�&�[���Z���������Ç���(���Œ���š�Z�����Z�]�P�Z���•�š�����}�À���Œ�����u�}�v�P���W�'���š�Ç�‰���•�U���Á�]�š�Z���í�ò�9���}�(���o���v�������Œ������
���v�����ñ�ì�9���}�(���W�'�����Œ�����X���/�v���š�Z�������o�‰�]�v�������v�������}�Œ�����o���Œ���P�]�}�v�•�U���Z�>�D�[�����}�u�]�v���š���������u�}�v�P���W�'���š�Ç�‰���•�U�����}�À���Œ�]�v�P��
5% and 10% of land area, and 63% and 57% of PG area, respectively. In the Mediterranean and 
�W���v�v�}�v�]���v���Œ���P�]�}�v�•�U�����}�š�Z���Z�>�D�[�����v�����Z�D�D�[���Á���Œ�����]�u�‰�}�Œ�š���v�š���W�'���š�Ç�‰���•�X���Z�>�D�[���u���������µ�‰���ð�ì�9�����v�����ï�ï�9��
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�}�(�� �W�'�� ���Œ�����U�� ���v���� �Z�D�D�[�� �ï�ï�9�� ���v���� �î�ó�9�� �}�(�� �W�'�� ���Œ�����U�� �Œ���•�‰�����š�]�À���o�Ç�X�� �/�v�� �š�Z���� ���}�v�š�]�v���v�š���o�� �Œ���P�]�}�v�U�� �š�Z����
�‰�Œ�}�‰�}�Œ�š�]�}�v�•���}�(���W�'���š�Ç�‰���•���Á���Œ�����u�}�•�š�����À���v�o�Ç�����]�•�š�Œ�]���µ�š�����W���Z�D�&�[�����v�����Z�>�D�[���������Z���u���������µ�‰���î�ó�9���}�(���W�'��
���Œ�����U���Z�D�D�[���í�ó�9�����v�����Z�>�D�[���í�ò% (Table 19 and Table 20). 

The predominant use through cutting or grazing differentiates all agriculturally managed PG 
types with woody plant covers < 10% at the second level of the typology. Among these PG types, 
54% were mapped as predominantly cut and 46% as predominantly grazed. It needs to be 
cautioned, however, that the reliability of this estimate is particularly limited (Table 18). 

�����•�]�u�]�o���Œ�������À�����š���v�������•���š�}���������u���������(�}�Œ���š�Z�����u���‰�‰�]�v�P���}�(���µ�v�u���v���P�������W�'���~�Z�h�[�•�X���'�]�À���v���š�Z�����o�]�u�]�š������
assumptions that could be made, its percentage ranged between 2% of the PG area in the 
Atlantic region and 5.4% in the Alpine region. Of this area 6% were considered to remain PG 
���À���v�� �Á�]�š�Z�}�µ�š�� �u���v���P���u���v�š�� �~�Z�h-�'�>�[�•�U�� ���� �À���o�µ���� ���}�Œ�Œ���•�‰�}�v���]�v�P�� �š�}�� �ì�X�î�9�� �}�(�� �š�Z���� �š�}�š���o��PG area. The 
highest percentages were reached in the Alpine, Boreal and Pannonian area, with 10 �t 13% of 
unmanaged PG or 0.3 �t �ì�X�ò�9���}�(���š�}�š���o���W�'�������]�v�P�����o���•�•�]�(�]���������•���W�'���š�Ç�‰�����Z�h-�'�>�[���~Table 19 and Table 
20).  
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Table 18 Mapped area of PG types (km2) in each biogeographical region. ALP: Alpine, ATL: Atlantic, BOR: 
Boreal, CON: Continental, MED: Mediterranean, PAN: Pannonian, All: sum across all six regions. For an 
explanation of the PG type codes, see Table 2. 

PG type Biogeographical region 

 ALP ATL BOR CON MED PAN All  

F 1838 22618 1693 14632 4092 940 45813 

H 2335 43935 0 21556 8351 1215 77392 

MM 13992 2661 19628 50674 44016 8295 139266 

MF 8225 129574 0 83225 16160 2088 239272 

LM 52754 8953 45646 81491 54941 9914 253699 

LF 5164 60733 0 48006 15789 1657 131349 

WS 3814 1623 2197 135 2760 0 10529 

WT 3 43 8 38 14519 61 14672 

U 5000 5822 3752 8306 5135 669 28684 

F_G 705 10148 509 5872 1912 441 19587 

F_C 1132 12469 1184 8760 2180 499 26224 

H_G 1005 20502 0 9168 3994 592 35261 

H_C 1331 23434 0 12388 4357 623 42133 

MM_G 5175 1015 5937 20863 22691 4160 59841 

MM_C 8816 1646 13691 29811 21325 4135 79424 

MF_G 3582 57455 0 34078 7155 842 103112 

MF_C 4644 72119 0 49147 9006 1246 136162 

LM_G 26088 4289 21958 40741 27470 4956 125502 

LM_C 26666 4664 23688 40749 27470 4958 128195 

LF_G 2582 29901 0 24000 7894 829 65206 

LF_C 2583 30832 0 24006 7894 829 66144 

WS_L 3812 1622 2197 134 2553 0 10318 

WS_M 2 1 0 1 206 0 210 

WT_L 0 21 8 29 11571 47 11676 

WT_M 3 22 0 9 2948 14 2996 

U_GL 490 149 409 268 378 85 1779 

U_NGL 4510 5673 3343 8038 4757 584 26905 

total 93126 275962 72923 308063 165762 24840 940676 
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Table 19 Percentage of total land area covered by each PG type per biogeographical region, and averaged 
over the mapped area. ALP: Alpine, ATL: Atlantic, BOR: Boreal, CON: Continental, MED: Mediterranean, 
PAN: Pannonian, All: sum across all six regions. For an explanation of the PG type codes, see Table 2. 

PG type Biogeographical region 

 ALP ATL BOR CON MED PAN All  

F 0.34 2.84 0.17 1.07 0.44 0.62 0.95 

H 0.43 5.52 0 1.58 0.89 0.8 1.61 

MM 2.57 0.33 1.95 3.7 4.69 5.49 2.90 

MF 1.51 16.27 0 6.08 1.72 1.38 4.98 

LM 9.71 1.12 4.53 5.96 5.85 6.56 5.28 

LF 0.95 7.62 0 3.51 1.68 1.1 2.73 

WS 0.7 0.2 0.22 0.01 0.29 0 0.22 

WT 0 0.01 0 0 1.55 0.04 0.31 

U 0.92 0.73 0.37 0.61 0.55 0.44 0.60 

F_G 0.13 1.27 0.05 0.43 0.2 0.29 0.55 

F_C 0.21 1.57 0.12 0.64 0.23 0.33 0.41 

H_G 0.18 2.57 0 0.67 0.43 0.39 0.88 

H_C 0.24 2.94 0 0.91 0.46 0.41 0.73 

MM_G 0.95 0.13 0.59 1.52 2.42 2.75 1.65 

MM_C 1.62 0.21 1.36 2.18 2.27 2.74 1.25 

MF_G 0.66 7.21 0 2.49 0.76 0.56 2.83 

MF_C 0.85 9.05 0 3.59 0.96 0.83 2.15 

LM_G 4.8 0.54 2.18 2.98 2.93 3.28 2.67 

LM_C 4.91 0.59 2.35 2.98 2.93 3.28 2.61 

LF_G 0.48 3.75 0 1.75 0.84 0.55 1.38 

LF_C 0.48 3.87 0 1.75 0.84 0.55 1.36 

WS_L 0.7 0.2 0.22 0.01 0.27 0 0.21 

WS_M 0 0 0 0 0.02 0 0.00 

WT_L 0 0 0 0 1.23 0.03 0.24 

WT_M 0 0 0 0 0.31 0.01 0.06 

U_GL 0.09 0.02 0.04 0.02 0.04 0.06 0.04 

U_NGL 0.83 0.71 0.33 0.59 0.51 0.39 0.56 

total 17.14 34.65 7.23 22.51 17.66 16.45 19.57 
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Table 20 Percentage of PG area corresponding to each PG type in each biogeographical region and 
averaged over the mapped area. ALP: Alpine, ATL: Atlantic, BOR: Boreal, CON: Continental, MED: 
Mediterranean, PAN: Pannonian, All: sum across all six regions. For an explanation of the PG type codes, 
see Table 2. 

PG type Biogeographical region 

 ALP ATL BOR CON MED PAN All  

F 1.97 8.2 2.32 4.75 2.47 3.78 4.87 

H 2.51 15.92 0 7 5.04 4.89 8.23 

MM 15.02 0.96 26.92 16.45 26.55 33.39 14.80 

MF 8.83 46.95 0 27.02 9.75 8.41 25.44 

LM 56.65 3.24 62.59 26.45 33.14 39.91 26.97 

LF 5.55 22.01 0 15.58 9.52 6.67 13.96 

WS 4.1 0.59 3.01 0.04 1.66 0 1.12 

WT 0 0.02 0.01 0.01 8.76 0.25 1.56 

U 5.37 2.11 5.15 2.7 3.1 2.69 3.05 

F_G 0.76 3.68 0.7 1.91 1.15 1.78 2.79 

F_C 1.22 4.52 1.62 2.84 1.32 2.01 2.08 

H_G 1.08 7.43 0 2.98 2.41 2.38 4.48 

H_C 1.43 8.49 0 4.02 2.63 2.51 3.75 

MM_G 5.56 0.37 8.14 6.77 13.69 16.75 8.44 

MM_C 9.47 0.6 18.77 9.68 12.86 16.65 6.36 

MF_G 3.85 20.82 0 11.06 4.32 3.39 14.47 

MF_C 4.99 26.13 0 15.95 5.43 5.02 10.96 

LM_G 28.01 1.55 30.11 13.22 16.57 19.95 13.63 

LM_C 28.63 1.69 32.48 13.23 16.57 19.96 13.34 

LF_G 2.77 10.84 0 7.79 4.76 3.34 7.03 

LF_C 2.77 11.17 0 7.79 4.76 3.34 6.93 

WS_L 4.09 0.59 3.01 0.04 1.54 0 1.10 

WS_M 0 0 0 0 0.12 0 0.02 

WT_L 0 0.01 0.01 0.01 6.98 0.19 1.24 

WT_M 0 0.01 0 0 1.78 0.06 0.32 

U_GL 0.53 0.05 0.56 0.09 0.23 0.34 0.19 

U_NGL 4.84 2.06 4.58 2.61 2.87 2.35 2.86 
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4.5 Limitations  

The maps and areas of PG types presented in section 4.4 and in Appendix B provide an overview 
about the potential spatial distribution of the PG types defined within the SUPER-G project. 
However, their thematic and geographic reliability are limited by the availability of suitable 
spatial data sets. This concerns, firstly, the areas and location of PG as a whole, and secondly, 
the characteristics of that PG, notably its management. 

4.5.1  PG area and location  

As discussed in section 3.2.1, considerable differences exist in the PG mapped by the two most 
detailed spatial data sets on PG distribution in Europe that are currently available and that were 
used in the PG type mapping, namely, the Ecosystem Types of Europe Map 2012 and the 
Copernicus High-resolution Grassland Layer 2018. In comparison to the PG area on farms 
reported by Eurostat (2023b) at the NUTS-2 level, both of these datasets strongly under- or 
overestimate the PG area in certain regions (Figure 12). While overestimation compared to 
Eurostat can be partly explained by the fact that Eurostat only records PG managed by farms 
above a certain size or income, underestimation would indicate that the spatial datasets failed 
to correctly identify agriculturally used grasslands. Besides mapping errors, this could be the 
case due to different definitions of PG used by countries reporting to Eurostat, which may 
correspond more or less to the definitions underlying the Ecosystem Types of Europe Map 2012 
and the Copernicus High-resolution Grassland Layer 2018, and which may, again, differ from the 
definition used within the SUPER-G project. Within the mapping process, these difficulties were 
addressed by two approaches: Firstly, the Ecosystem Types of Europe Map 2012 was 
complemented with data from the High-resolution Grassland Layer 2018 for small-structured 
mixed farming regions, where PG appeared prone to be misclassified as arable land. Secondly, 
a proportion of certain wetlands and scrub habitats mapped in the Ecosystem Types of Europe 
Map 2012 were classified as PG, to account for the mosaic nature of these habitats. 
Nevertheless, the uncertainty in the extent and location of PG as a whole evidently affects any 
map of specific PG types. 
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Figure 12 Ratio between PG area per NUTS region according to the Eurostat agricultural crop area 
statistics 2016 (Eurostat) and (a) the area of grassland habitat types (E1-E7) of the Ecosystem Types of 
Europe Map (ETEM), and (b) the PG area according to the Copernicus High-resolution Grassland Layer 
(HRGL). Adapted from Tonn et al. (2024) 

 

4.5.2  Lack of PG management data  

PG management is central to the typology developed in the SUPER-G project. However, data 
about the distribution of agricultural management practices do not currently exist for most 
regions. As management is shaped by site conditions and is reflected in plant community 
composition, vegetation and environment data were used to estimate the probability of 
management practices. 

Given the uncertainties for many grassland habitat classes in Ecosystem Type of Europe Map 
2012, information on vegetation data could only be used to estimate management in very few 
�]�v�•�š���v�����•���~�]�X���X�U���Z���ò���t �/�v�o���v�����^���o�š���D���Œ�•�Z���•�[�U���Z���ó���t Sparsely wooded grasslands�[, and PG that is part 
of wetlands or heathland and scrub). More detailed mapping at level three of the EUNIS habitat 
classification is being undertaken, and distribution and habitat suitability maps of EUNIS 
grassland habitat types at level three have been published (Hennekens, 2017). While these maps 
use environmental data to model the potential for certain PG habitat types to occur, they, too, 
cannot predict the management and thus the actual presence of these habitats. 

Environmental conditions, most notably climate, soil and obstacles to mechanisation, are 
important drivers of PG management and might be used to help estimate management 
intensity. This relies on a close association between management and the environmental 
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parameter considered, and on expert knowledge about that association and how it varies across 
regions in Europe. At the same time, it is limited by the type of spatial data actually available as 
well as on their accuracy and spatial resolution. For example, the climate data used in the 
mapping process were available at a spatial resolution of 5 arc-minutes, corresponding to 9.3 
km at the equator. This resolution cannot fully capture the climatic variability along altitudinal 
gradients in mountains, let alone the important effects of exposition in these regions. The 
available soil data had a higher spatial resolution, but were limited in the parameters and 
classification thresholds that were available, e.g. a topsoil organic carbon content of 6% being 
the highest threshold to differentiate organic soils from mineral soils. 

While environmental conditions provide a framework for PG management, the management 
that is actually applied crucially depends on a range of socio-economic factors. Only one of these 
could be included in the mapping process, namely the nature protection status of an area. 
Differences in conservation aims and in the stringency of protection mean that PG in nature 
conservation areas will not necessarily always be managed at low intensity. However, it was 
assumed that management intensity would at least be lower there than it would by otherwise. 

A number of studies have used the ratio of ruminant animals per permanent grassland area to 
estimate PG management intensity (e.g., Chang et al., 2016; Estel et al., 2018). A major limitation 
of this approach is the fact that the proportion of herbage from PG in the ruminant diet varies 
greatly between species, production systems, regions and even farms, with few data available. 
Further, these data are generally only available at the level of NUTS-2 regions. An average value 
of ruminant stocking rate per PG area across such a region holds no information whether PG 
management is similar across all PG or consists of a combination of high- and low-intensity 
management. Finally, statistics on ruminant livestock numbers will not cover animals from small 
holdings or hobby farmers, which may be regionally very important. 

4.5.3  Level of reliability  

The restrictions described above indicate that the PG type maps that are contained in Appendix 
B should be regarded with caution. While a validation would allow to quantify the reliability with 
greater precision, it would pose considerable methodological difficulties. Due to the spatial 
resolution of the data sets used, and because of their inherent uncertainties, the maps do not 
attempt to predict the PG type of any given field, but the proportions of PG types over a greater 
region. Regional inventories of PG types rather than observations at field level would therefore 
be needed as validation data points. Such data are not currently available, nor could they be 
obtained with proportionate efforts. 

4.5.4 Future improvements  

Given the ongoing development in environmental modelling and remote sensing methods, the 
obstacles to PG type mapping that are currently still encountered should be overcome in the 
near future. The combination of species- and habitat models with satellite data is improving 
spatial resolution and thematic detail of habitat maps. For example, EUNIS habitats at level two 
have been mapped at a 10-m resolution across Scotland (NatureScot, 2022). In Switzerland, a 
high-resolution vector map distinguishing 84 habitats, is available for the whole country (Price 
et al., 2023). A similar initiative is scheduled to be completed for England this year (NatureScot, 
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2022). Many studies have successfully used satellite data, to map cutting frequency and grazing 
events, and even fertiliser application, in grasslands (e.g. Meier et al., 2020; Myrgiotis et al., 
2021; Holtgrave et al. 2023; Weber et al., 2023). Stumpf et al. (2020) defined six grassland 
management classes of low, medium and high intensity with either cutting or grazing as 
dominant use, and mapped these across Switzerland. Methods to quantify tree cover (Fragoso-
Campon et al., 2020) and detect grassland renewal (Voormansik, 2020) are also being 
developed. Using these methods, the PG typology developed within SUPER-G will provide an 
easily implemented framework for PG mapping and monitoring. 
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5 Outlook  

The PG typology developed in the SUPER-G project provides a framework for accounting of, and 
communicating about, PG across Europe that complements the phytosociological approach of 
the EUNIS habitat classification. It is based on criteria that are mostly related to the field-scale 
management that do not require special expertise to determine and can easily be used by local 
stakeholders.  

It is proposed as a common nomenclature across all European regions and stakeholder groups 
�š�}�� �]�u�‰�Œ�}�À���� ���}�u�u�µ�v�]�����š�]�}�v�� ���v���� �š�}���Œ���‰�o�������� ���u���]�P�µ�}�µ�•�� �����(�]�v�]�š�]�}�v�•�� �}�(�� �Z�]�v�š���v�•�]�À���[�l�[���Æ�š���v�•�]�À���[�� �}�Œ��
�Z�]�u�‰�Œ�}�À�����[�l�[�µ�v�]�u�‰�Œ�}�À�����[���P�Œ���•�•�o���v�����Á�]�š�Z���������o���•�•�]�(�]�����š�]�}�v���š�Z���š���]�•�������•�������}�v��quantitative thresholds. 
Important applications lie in policy-making, multi-stakeholder dialogue, innovation transfer 
across European regions, and communication of scientific results. It is also intended to support 
PG mapping and inventories, utilising the increased capabilities of remote sensing methods that 
are becoming available. 

While the focus of the PG typology is on the use across large gradients of environmental 
conditions and management intensity, its classes can easily be adapted to local conditions, while 
retaining complementarity. For example, management intensity categories could be further 
���]�À�]�������U�����X�P�X���Z�o�}�Á���u���v���P���u���v�š���]�v�š���v�•�]�š�Ç�[���]�v�š�}���Z�À���Œ�Ç���o�}�Á���]�v�š���v�•�]�š�Ç�[�U���Á�]�š�Z�������u���v���P���u���v�š���]�v�š���v�•�]�š�Ç��
score Sm < 1/ �ò�U�����v�����Z�u�}�����Œ���š���o�Ç���o�}�Á���]�v�š���v�•�]�š�Ç�[�U���Á�]�š�Z���í/�ò���G Sm < 1/3. Alternatively, instead of 
�Z�u���Œ�P�]�v���o�[�����v�����Z�(���À�}�µ�Œ�����o�������o�]�u���š���[�U���š�Z�����u�}�Œ���������š���]�o�����������(�]�v�]�š�]�}�v�•���}�(�����o�]�u���š�����Œ���P�]�}�v�•���(�Œ�}�u���š�Z�����W�'��
type mapping (section 4.2.2) might be used. 

In addition to the categories the PG typology defines, the components of management intensity 
it uses constitute structured and easy-to-measure variables to be included in future studies of 
ecosystem service delivery from PG. This would permit to validate and, if necessary, adapt, the 
thresholds used to define cutting, grazing and fertilisation intensity. 

In addition to the potential uses of the PG typology, a number of limitations inherent to the 
chosen approach need to be pointed out. Firstly, for PG of conservation interest, monitoring and 
management recommendations ought to be based on the more detailed structure of the EUNIS 
habitat classification (EEA, 2021) whenever possible. Secondly, when used to facilitate 
knowledge transfer and guide management decisions, the PG types generally need to be 
���}�v�•�]�����Œ���������•���Z�•�]�P�v�‰�}�•�š�•�[���š�}�Á���Œ���•���Œ���o���À���v�š���]�v�(�}�Œ�u���š�]�}�v�U��and �v�}�š�����•�������š���P�}�Œ�]���•���(�}�Œ���Z�}�v��-size-fits-
���o�o�[���•�}�o�µ�š�]�}�v�•�X��For example, when looking to improve the value of PG for arthropod communities, 
the applicability of approaches differs between PG types: Adding pollinator-friendly plant 
�•�‰�����]���•���š�}���•���������u�]�Æ�š�µ�Œ���•���]�•�������u���š�Z�}���� �š�Z���š���Á�}�µ�o�����������u�}�•�š���Œ���o���À���v�š���]�v���W�'���š�Ç�‰�����Z�&���t Frequently 
�Œ���v���Á�������P�Œ���•�•�o���v���•�[�X�����}�v�•�]�����Œ�]�v�P���š�Z�����]�u�‰�����š���}�(���u�}�Á���Œ-conditioners on arthropods would be of 
interest for predominantly cut grasslands with medium- or high-intensity management, whereas 
such technology is unlikely to play a role in low-intensity PG management. Similarly, applications 
of virtual fencing technology are very different when considering high-intensity grazing (e.g., 
providing feed at optimum digestibility and increasing pasture utilisation) or low-intensity 
grazing (e.g., controlling access to vulnerable habitats and preventing overgrazing).  

Lastly, the management intensity score used within the PG typology is not suitable for gaining a 
functional understanding of the impact that management practices have on distinct ecosystem 
services or target organisms. Its components, utilisation intensity and fertilisation intensity, may 
be correlated when the entire gradient of management intensity is considered, making it 
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possible to integrate them into a single indicator to distinguish broad classes of management 
intensity. Nevertheless, there is no functional basis to equate a certain level of defoliation with 
a certain level of fertilisation, as the two often have different -even opposite- or interactive 
effects. In spite of the undeniable attraction of being able to simplify PG management intensity 
into one single number (Blüthgen et al., 2012), such an approach is unlikely to yield management 
recommendations that improve ecosystem service delivery in the field. Instead, management 
intensity classes should be regarded as the artificial construct that they are and used 
accordingly, i.e., to identify the knowledge gaps to sustainable management that are most 
relevant within each of them, address those questions with targeted research and innovation 
initiatives, and use the management intensity classes again for a targeted dissemination of the 
outcome. 

As revealed in the SUPER-G project, promoting sustainable management of European PG 
demands multi-disciplinary and trans-disciplinary cooperation across countries and geographic 
regions. Clear communication forms the basis of such cooperation, and the SUPER-G typology is 
designed to promote it. Through continuing networking and dialogue with other projects and 
initiatives within the EU, it is intended to extend its usefulness beyond SUPER-G. 
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Appendix  B : 

Maps of Permanent  Grassland  Types  
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