




Vascular plants

Petasites hybridus (L.) P. 
Gaertner, B. Meyer & Scherb.
Petrorhagia illyrica (Ard.) P.W. 
Ball & Heywood

Petrorhagia nanteuilii (Burnat) 
P.W. Ball & Heywood
Petrorhagia prolifera (L.) P.W. 
Ball & Heywood
Petrorhagia velutina (Guss.) 
P.W. Ball & Heywood
Petroselinum segetum
Peucedanum oreoselinum (L.) 
Moench
Peucedanum palustre
Phalaris arundinacea
Phegopteris connectilis (Michx) 
Watt
Phleum pratense subsp. 
bertolonii
Phragmites australis
Phytolacca americana L.
Picea abies (L.) Karsten
Pilularia globulifera
Pilularia globulifera L.
Pilularia minuta Durieu ex A. 
Braun
Pimpinella major

Pimpinella major (L.) Hudson
Pimpinella saxifraga
Pinguicula vulgaris
Pinus cembra L.
Pinus halepensis Miller
Pinus mugo Turra
Pinus nigra Arnold
Pinus pinaster Aiton
Pinus pinea L.
Pinus sylvestris
Pinus sylvestris L.

Pinus uncinata Miller ex Mirbel
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Plantago coronopus High
Plantago coronopus L.
Plantago lanceolata L. High High High High High High High High High High High High High
Plantago major subsp. 
pleiosperma High High High
Plantago maritima High High
Plantago media High
Platanthera chlorantha High High
Poa bulbosa High High High
Poa palustris High
Poa pratensis High
Poa pratensis L. High High High High High High High High High High High High High High High High
Poa trivialis High
Polycarpon polycarpoides (Biv.) 
Zodda

Polycarpon tetraphyllum (L.) L. High High High High High High High High High High High
Polycnemum arvense L. High High High High High High High High High High High

Polycnemum heuffelii A.F. L ng High High High High High High High High High High High

Polycnemum majus A. Braun High High High High High High High High High High High
Polycnemum verrucosum A.F. L 
ng High High High High High High High High High High High
Polygala serpyllifolia High
Polygonatum odoratum High
Polygonum alpinum All. High High
Polygonum amphibium High High High
Polygonum amphibium L. High High High High High High High High High High High High High
Polygonum arenarium Waldst. & 
Kit. High High High High High High High High High High High
Polygonum aviculare High High High
Polygonum aviculare L. High High High High High High High High High High High High High
Polygonum bistorta L. High High

Polygonum equisetiforme Sm. High High High High High High High High High High High
Polygonum graminifolium 
Wierzb. ex Heuffel High High High High High High High High High High High
Polygonum hydropiper L. High High High High High High High High High High High
Polygonum lapathifolium High High
Polygonum lapathifolium L. High High High High High High High High High High High
Polygonum maritimum L. High High High High High High High High High High High
Polygonum minus High High High
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Polygonum minus Hudson
Polygonum mite High High High
Polygonum mite Schrank High High High
Polygonum orientale L. High High High High High High High High High High High
Polygonum oxyspermum High

Polygonum oxyspermum C.A. 
Meyer & Bunge ex Ledeb.
Polygonum patulum Bieb.
Polygonum persicaria High High
Polygonum persicaria L. High High High High High High High High High High High
Polygonum salicifolium Brouss. 
ex Willd.
Polygonum viviparum L. High High
Polypodium cambricum L.
Polypodium interjectum High

Polypodium interjectum Shivas
Polypodium vulgare L. High High High
Polystichum aculeatum (L.) 
Roth High High High

Polystichum lonchitis (L.) Roth
Polystichum setiferum (ForskÅl) 
Woynar High High High
Populus alba L. High High High
Populus nigra L. High High High
Populus tremula L. High High High

Portulaca grandiflora Hooker High High High High High High High High High High High
Portulaca oleracea L. High High High High High High High High High High High
Potamogeton alpinus High
Potamogeton mucronatus High
Potentilla anglica High High High

Potentilla anglica Laicharding High High
Potentilla anserina L. High High High High High High High High High High High High High
Potentilla argentea High High High

Potentilla erecta (L.) Raeuschel High High High High High
Potentilla intermedia
Potentilla reptans High High High
Potentilla sterilis
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Potentilla sterilis (L.) Garcke High High High
Potentilla tabernaemontani 
Ascherson High High High High High
Potentilla verna High
Primula elatior High
Primula elatior (L.) Hill High High High High High
Primula vulgaris High
Prunella vulgaris L. High High High High High High High High High High High High High
Prunus mahaleb L. High High High
Prunus padus L. High High High
Prunus spinosa L. High High High

Pseudofumaria lutea (L.) Borkh.
Pseudostellaria europaea 
Schaeftlein High High High

Pteridium aquilinum (L.) Kuhn High High High
Pteris cretica L.
Pteris vittata L.

Pulicaria dysenterica (L.) Bernh. High High
Pulicaria vulgaris High High High
Pulmonaria officinalis High High High

Pulsatilla alpina (L.) Delarbre High High
Pulsatilla halleri (All.) Willd. High High
Pulsatilla montana (Hoppe) 
Reichenb. High High
Pulsatilla patens (L.) Miller High High High High High

Pulsatilla pratensis (L.) Miller High High High High High
Pulsatilla vernalis (L.) Miller High High High High High
Pulsatilla vulgaris Miller High High High High High
Pyrola rotundifolia High
Pyrus communis High High High
Quercus cerris L. High High High
Quercus coccifera L. High High High
Quercus congesta C. Presl High High High
Quercus dalechampii Ten. High High High
Quercus frainetto Ten. High High High
Quercus ilex L. High High High

Quercus macrolepis Kotschy High High High
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Quercus petraea
Quercus petraea (Mattuschka) 
Liebl. High High High
Quercus polycarpa Schur High High High
Quercus pubescens Willd. High High High
Quercus pyrenaica Willd. High High High
Quercus robur L. High High High
Quercus suber L. High High High
Quercus trojana Webb High High High
Ranunculus aconitifolius L. High High High High High
Ranunculus acris L. High High
Ranunculus aduncus Gren. High High High High High
Ranunculus alpestris L. High High
Ranunculus aquatilis High High
Ranunculus aquatilis L.
Ranunculus arvensis High
Ranunculus arvensis L. High High High High High High High High High High High
Ranunculus auricomus L. High High High High High

Ranunculus brevifolius Ten.
Ranunculus brutius Ten. High High High
Ranunculus bulbosus L. High High
Ranunculus bullatus L. High High High High High High High High High High High High High

Ranunculus carinthiacus Hoppe High High
Ranunculus cassubicus L. High High High High High
Ranunculus chius DC. High High

Ranunculus circinatus Sibth.
Ranunculus fallax (Wimmer & 
Grab.) Sloboda High High High High High
Ranunculus ficaria L. High High High High High
Ranunculus flammula L. High High
Ranunculus fluitans Lam.

Ranunculus fontanus C. Presl High High
Ranunculus glacialis L.

Ranunculus gracilis E.D. Clarke High High High
Ranunculus gramineus L. High High

Ranunculus grenierianus Jordan High High High High High
Ranunculus hederaceus L.
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Ranunculus hybridus Biria High High
Ranunculus illyricus L. High High
Ranunculus lanuginosus L. High High High
Ranunculus lateriflorus DC.
Ranunculus lingua L. High High

Ranunculus macrophyllus Desf. High High

Ranunculus millefoliatus Vahl High High

Ranunculus monspeliacus L. High High

Ranunculus montanus Willd. High High High High High
Ranunculus muricatus L. High High High High High High High High High High High High High

Ranunculus ololeucos Lloyd

Ranunculus omiophyllus Ten.
Ranunculus ophioglossifolius 
Vill.

Ranunculus oreophilus Bieb. High High

Ranunculus paludosus Poiret High High

Ranunculus parnassiifolius L.
Ranunculus parviflorus L. High High High High High High High High High High High
Ranunculus pedatus Waldst. & 
Kit. High High
Ranunculus peltatus High

Ranunculus peltatus Schrank
Ranunculus penicillatus 
(Dumort.) Bab.
Ranunculus platanifolius L. High High High High High

Ranunculus polyanthemos L. High High High High High
Ranunculus pseudomontanus 
Schur High High

Ranunculus psilostachys Griseb. High High

Ranunculus pygmaeus Wahlenb. High High
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Ranunculus repens L. High High High High High High High High High High High High High High High High
Ranunculus reptans L.
Ranunculus revelieri Boreau High High
Ranunculus rionii Lagger
Ranunculus sardous Crantz High High High High High High High High High High High High High
Ranunculus sceleratus L.
Ranunculus seguieri Vill.
Ranunculus serbicus Vis. High High

Ranunculus strigulosus Schur High High
Ranunculus thora L. High High

Ranunculus trichophyllus Chaix
Ranunculus trilobus Desf. High High High High High High High High High High High
Ranunculus tripartitus DC.
Ranunculus velutinus Ten. High High High High High
Reseda lutea High
Reynoutria japonica Houtt. High High High High High High High High High High High High High
Reynoutria sachalinensis 
(Friedrich Schmidt Petrop.) 
Nakai High High High High High High High High High High High High High
Rhamnus alaternus L. High High High
Rhamnus catharticus L. High High High
Rhynchospora alba High High High
Rhynchospora fusca High High High
Ribes nigrum
Ribes rubrum High High High
Ribes rubrum L. High High High
Roemeria hybrida (L.) DC. High High High High High High High High High High High
Rorippa austriaca High High
Rorippa microphylla High High High

Rorippa nasturtium-aquaticum High High High
Rorippa palustris High High
Rorippa sylvestris High High High
Rorippa x anceps High
Rosa arvensis High
Rosa pimpinellifolia High High High
Rosa rugosa High High
Rubus caesius L. High High High High High High High High High High High High High High High High
Rubus idaeus L. High High High High High
Rumex acetosa L. High High
Rumex acetosella L. High High High High High High High High High High High High High High High High
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Rumex alpestris Jacq. High High High High High
Rumex alpinus L. High High High High High High High High High High High High High
Rumex aquaticus L. High High
Rumex bucephalophorus L. High High High High High High High High High High High

Rumex conglomeratus Murray High High
Rumex crispus L. High High High High High High High High High High High High High
Rumex cristatus DC. High High High High High High High High High High High

Rumex hydrolapathum Hudson High High
Rumex intermedius DC. High High High High High High High High High High High
Rumex longifolius DC. High High High High High High High High High High High High High
Rumex maritimus L.
Rumex nebroides Campd. High High
Rumex nepalensis Sprengel High High High
Rumex nivalis Hegetschw. High High
Rumex obtusifolius L. High High High High High High High High High High High High High
Rumex palustris Sm.
Rumex patientia L. High High High High High High High High High High High

Rumex pseudonatronatus Borb s
Rumex pulcher L. High High High High High High High High High High High
Rumex rupestris Le Gall
Rumex salicifolius (Danser) 
Hickman High High
Rumex sanguineus L. High High High High High
Rumex scutatus L.
Rumex stenophyllus Ledeb. High High
Rumex thyrsiflorus Fingerh. High High High High High High High High High High High High High
Rumex tuberosus L. High High High High High
Sagina apetala Ard. High High High High High High High High High High High
Sagina glabra (Willd.) Fenzl High High
Sagina maritima G. Don High High
Sagina nodosa
Sagina nodosa (L.) Fenzl
Sagina procumbens
Sagina procumbens L. High High High High High High High High High High High High High

Sagina saginoides (L.) Karsten High High High High High High High High High High High High High
Sagina subulata High High High
Sagina subulata (Swartz) C. 
Presl
Sagittaria sagittifolia High High High
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Salicornia europaea + Salicornia 
procumbens High High High
Salicornia europaea L.
Salix alba High High
Salix alba L. High High High
Salix alpina Scop. High High
Salix appendiculata Vill.
Salix arbuscula L.
Salix atrocinerea Brot. High High High
Salix aurita High High
Salix breviserrata B. Flod.
Salix caesia Vill.
Salix caprea High
Salix caprea L. High High High
Salix cinerea High High
Salix cinerea L. High High High
Salix daphnoides Vill. High High High
Salix elaeagnos Scop. High High High
Salix foetida Schleicher
Salix fragilis L. High High High
Salix glabra Scop.
Salix glaucosericea B. Flod. High High High High High
Salix hastata L. High High High
Salix helvetica Vill. High High High
Salix herbacea L. High High
Salix lanata L.
Salix lapponum L. High High
Salix myrsinifolia Salisb. High High High
Salix myrsinites L.
Salix myrtilloides L. High High High
Salix pedicellata Desf.
Salix pentandra L. High High High
Salix phylicifolia L.
Salix purpurea L. High High High
Salix repens High High High
Salix repens L. High High High
Salix reticulata L. High High
Salix retusa L. High High
Salix rosmarinifolia L.
Salix serpillifolia Scop. High High
Salix silesiaca Willd.
Salix starkeana Willd. High High High High High
Salix triandra High
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Annex 4 Technical description of the BioScore tool and database 
 

A1 Databases underlying the BioScore tool 

A1.1 Introduction 

The core of the BioScore tool is the database that relates species to their sensitivity to environmental 
changes. The database combines separate databases set up and developed by different organizations for 
each species group. Table A1 lists the different databases and the responsible organizations.   
 
Table A1: Separate databases and responsible organizations. 
Species group Organization 
Butterflies and dragonflies INBO/BCEurope 
Birds Wetlands International 
Vascular plants Alterra 
Freshwater fish NINA  
Amphibians, mammals and reptiles University of Rome (UniRoma1) 
Benthic macroinvertebrates EKBY 

 
The combined database contains information on habitat suitability and sensitivity of a selection of species 
from different species groups (Table A1) for a wide variety of environmental variables (see Section 2.1 of 
the report). A series of queries described in this annex extract the relevant sensitivity and suitability data 
to derive sensitivity scores, which can be used in several applications (Figure A1).    

 
Figure A1: Relation between separate species databases, BioScore database and the applications. 
 

A1.2 Species database 

Figure A2 shows the structure of the database (BS_sp). This structure is similar to the structure of 
separate databases of each species group, except that non-relevant tables for the specific species 
group(s) are not included. Table A2 lists the tables in the BS_sp database. The column ‘Form’ in the table 
indicates the availability of a fill-in form for appending and editing data. Tables that do not have a fill-in 
form are imported from other sources and are not supposed to be altered or edited. Table A2 also 
includes a short description of the tables and the relevance of these tables for each species group. 
 
BioScore selects species from the separate databases by editing the field BS_select in the SPECIES-table. 
Only those species selected in BS_select are imported into the BS_sp database. 
 
For butterflies and dragonflies a selection of species is possible at the BGR level. This selection is made 
by using the field BGR_select in the table sp_BGR. 
 
The module apdsp_data appends the species data from the different databases to the species tables in 
BS_sp.mdb. 



 
Figure A2: Structure of BS_sp.mdb. 
 
 
 



Table A2: Tables in the BS_sp database. 

Table 

F
o

rm
 

Description 

a
m

r*
 

b
ir

d
s

*
 b
m

i*
 

b
u

t*
 

fi
sh

*
 

v
p

l*
  

Biogeographical region  Biogeographical regions       
BGR_country  Biogeographical regions in countries       
CLC  Corine Land Cover classes (2000)       
CLUE  Land cover classes in Dyna-CLUE 2006       
CLUE_CLC  Relation between Dyna-CLUE and Corine 

classes 
      

COUNTRY  European countries       
ELLENBERG_SENSITIVITY   Relation between Ellenberg values and 

sensitivity 
          x 

ENVIRONMENTAL_VARIABLE  Environmental variables       
         
SEASON  Season       
SF  Survival factors       
SENSITIVITY  Sensitivity       
SPECIES X Species x x x x x x 
SPECIES_GROUP  Species groups       
SPECIES_HOST X Species host/nectar plants       x     
THREAT  Threat, risk and concern       
         
sp_BGR X Occurrence in biogeographical regions x x   x   x 
sp_BIOTIC_PRESSURES X Species and biotic pressures, per 

biogeographical region 
        x   

sp_CLC X Species in CLC classes   x   x x   
sp_CLC_BGR X Species in CLC classes, per 

biogeographical region 
x           

sp_CLIMATE_CHANGE   Species and climate change (sensitivity) x           
sp_COUNTRY X Occurrence of species in EU country x  x   x  x x 
sp_ELLENBERG   Species and indication Ellenberg values           x 
sp_HABITAT X Species and habitat dimensions       x     
sp_HABITAT_CHANGES X Species and habitat changes, per 

biogeographical region 
        x   

sp_HOST   Species and their host/nectar plant       x     
sp_SF   Species and survival factors   x        
sp_WATER X Species and water, per biogeographical 

region (sensitivity) 
x   x    x   

SUITABILITY  Suitability       
UNIT  Unit       
VARIABLE  Environmental variable groups       
 
• * amr Amphibians, mammals and reptiles 

* birds Birds (waterbirds and breeding birds)  
* bmi Benthic macroinvertebrates 
* but Butterflies and dragonflies 
* fish Freshwater fish 
* vpl Vascular plants 

• The coloured rows are tables that partners can fill with data. 

 

A1.3 Duplicates 

After the data have been imported into the species database, they appear in the tables starting with ‘sp_’ 
followed by an indication of the environmental variables concerned (Table A2), the data are checked for 
duplicate records. These duplicates are removed from the tables by delete queries. As each table has its 
own characteristics, the queries that list duplicate records are all slightly different. The names of the 
queries start with ‘ dup_’ followed by the name of the environmental variable. For each species group the 
duplicates are listed in the tables Duplicates_sp_TABLES. Finally, the module dup_records lists the tables 
with duplicate records in the table DUPLICATES.  
 



Sensitivity scores 
In order to get sensitivity scores per BGR and country, a module apdSENS_SCORE is used. This module 
makes the proper format to serve as input for the calculations. The module apdSENS_SCORE appends 
sensitivity scores to the table SENS_SCORE, per species, per BGR and per country. The sensitivity scores 
are given by the queries sens_<environmental variable> found in group Sensitivity_scores. The scores 
are given per BGR and per country. If there is no data in the table sp_BGR for a specific species group, 
all species of this group will be copied to all regions in this table before the scores are appended to 
SENS_SCORE.  
 

A1.4 Tool database 

The BioScore tool database version 1.0 calculates the number and percentage of species responding to 
change in environmental variables. These numbers are presented per species group, BGR, country or all 
regions, and environmental variable, and summarized over the variables. 
 
First, the response to the different environmental variables is calculated per species, BGR, country or all 
regions, and environmental variable. This response is based on sensitivity scores. Then the increasing, 
decreasing or stable species will be counted per species group. In conclusion, the number of species is 
related to the number of the species per species group. 
 
Sensitivity scores 
The sensitivity scores of the different environmental variables other than land-use change are specified 
per species, BGR and country in table SENS_SCORE. The countries in this table are based on the overlay 
of the maps of the EU25 countries and BGRs. The occurrence of the species in the regions is included in 
this table. The occurrence of the species in the countries is not included and will be added at a later 
stage. 
 
The sensitivity of species to land-use change is based on the suitability and the magnitude of the land-
use change. The suitability score is 0 if a Corine Land Cover class (CLC) is not suitable or has a low 
suitability for the species. If the CLC class has medium or high suitability for a species, the score is 1. 
These suitability scores make it possible to decide whether the difference between the calculated 
sensitivities leads to an increase or a decrease. A difference of more than 1% is accounted for and 
implies an increase or a decrease. By differences of less than 1% the species will be considered 
unchanged . 
 
The summarized land-use change equals 0 ha. Only the CLC classes with a change of ha are taken into 
account in the calculation below. The input is given in percentage land-use change. Only those CLC 
classes within the BGR or country can be changed by the user.  

 
• Weight factor Corine Land Cover (CLC), per region: 

CLC

CLC
BGRBGR area

areauser
fCLCwfCLC

_
*=  (-) 

 
wfCLCBGR   = weight factor CLC, per BGR (-) 
fCLCBGR    = fraction CLC, per BGR (-) 
user_areaCLC   = area given by the user, per CLC (%) 
areaCLC    = area, per CLC (%). 
 

 
• Weight factor Corine Land Cover (CLC), per country: 

CLC

CLC
CRYBGRCRYBGR area

areauser
fCLCwfCLC

_
*,, =  (-) 

 
wfCLCBGR,CRY  = weight factor CLC, per BGR and per country (-) 
fCLCBGR,CRY  = fraction CLC, per BGR and per country (-) 
user_areaCLC  = area given by the user, per CLC (%) 
areaCLC   = area, per CLC (%). 

 



• Direction of land-use change: 

If 
CLC

CLC

area
areauser _

> 1 Then  

change = increase 
Else change = decrease 

 
• Sensitivity to land-use change (LUC), per region: 

)*_( ,,,, ∑=
CLC

BGRBGRCLCspBGRchangesp wfCLCscoresuitsensLUC  

sensLUCsp,change,BGR = sensitivity LUC, per species and per BGR(-) 
suit_scoresp,CLC,BGR = suitability score, per species and per CLC and per BGR (-) 
wfCLCBGR  = weight factor CLC, per BGR (-). 

 
• Sensitivity to land-use change (LUC), per country: 

)*_(
,

,,,,, ∑=
BGRCLC

CRYBGRBGRCLCspCRYchangesp wfCLCscoresuitsensLUC  

sensLUCsp,change,CRY = sensitivity LUC, per species and per country(-) 
suit_scoresp,CLC,BGR = suitability score, per species and per CLC and per BGR (-) 
wfCLCBGR,CRY  = weight factor CLC, per BGR and per country (-). 

 
The suitability in BioScore is specified in two ways: per CLC class and per CLC class and BGR. The data 
per CLC class are copied to all BGRs in which the species occur (= link with table sp_BGR!).1  
 
Response to environmental variables (responsesp,ev,x) 
The relative importance of the environmental variables is given by the user (in table USER_env_var) and 
converted to a weight factor used for summarizing the responses of the species to the different variables. 
 
• Weight factor environmental variables: 

∑
=

ev
ev

ev
ev w

w
wf  (-) 

wfev   = weight factor (per) environmental variable (-) 
wev   = relative importance of the environmental variable (-). 

 
• Response to land-use change (LUC), per region: 

If 01,0)( ,,,, >− BGRincspBGRdecsp sensLUCsensLUCAbs  Then 

If BGRincspBGRdecsp sensLUCsensLUC ,,,, >  Then  

 responsespLUC,BGR = -1 (decrease) 
Else responsespLUC,BGR = 1 (increase) 
Else responsespLUC,BGR = 0 (stable) 

 
sensLUCsp,change,BGR = sensitivity LUC, per species and per BGR(-) 
responsesp,LUC,BGR = response LUC, per species (-). 

 

LUCBGRLUCspBGRLUCsp wfresponseevresp *_ ,,,, =  

resp_evsp,LUC,BGR = weighed response LUC, per species and per BGR (-) 
responsesp,LUC,BGR = response LUC, per species and per BGR(-) 
wfLUC   = weight factor LUC (-). 

 
• Response to variables other than land-use change, per region: 

                                               
1 The occurrence of benthic macroinvertebrates and fish in biogeographical regions is not available (applicable) just 
like the suitability for CLC classes. Therefore, no response to land-use change for these species groups is calculated. 
The sensitivity scores for the benthic macroinvertebrates and fish for the other environmental variables are copied to 
all regions in SENS_SCORE. 
 



evBGRevspBGRevsp wfresponseevresp *_ ,,,, =  

resp_evsp,ev,BGR  = weighed response, per species and per BGR (-) 
responsesp,ev,BGR = response, per species and per BGR (-) 
wfev   = weight factor environmental variable (-). 

 
The sensitivity scores of the different environmental variables other than land-use change are 
specified per species, per BGR and per country in table SENS_SCORE. Depending on the sensitivity 
score of the species and the magnitude given by the user, the response will be increasing, decreasing 
or remain stable. This response (responsesp,ev,BGR) is based on the link between the tables 
SENS_SCORE and SENS_MAG, for those variables selected by the user and those other than the 
variable land-use change. 

 
• Response to land-use change (LUC), per country: 

If 01,0)( ,,,, >− CRYincspCrYdecsp sensLUCsensLUCAbs  Then 

If CRYincspCRYdecsp sensLUCsensLUC ,,,, >  Then  

 responsespLUC,CRY = -1 (decrease) 
Else responsespLUC,CRY = 1 (increase) 
Else responsespLUC,CRY = 0 (stable) 

 
sensLUCsp,change,CRY = sensitivity LUC, per species and per country(-) 
responsesp,LUC,CRY = response, per species (-). 

 

LUCCRYLUCspCRYLUCsp wfresponseevresp *_ ,,,, =  

resp_evsp,LUC,CRY  = weighed response LUC, per species and per country (-) 
responsesp,LUC,CRY = response LUC, per species and per country (-) 
wfLUC   = weight factor LUC (-). 

 
• Response to variables other than land-use change, per country: 

∑ ∑
=

BGR
BGR

BGRCRY

BGRCRY
evBGRCRYevspCRYevsp area

area
wfresponseevresp )**(_

,

,
,,,,,  

resp_evsp,ev,CRY  = weighed response, per species and per country (-) 
responsesp,ev,CRY,BGR = response, per species, per county and per BGR (-) 
wfev   = weight factor environmental variable (-) 
areaCRY,BGR  = area BGR, per country (number of grids). 

 
If resp_evsp,ev,CRY > 0,01 Then responsesp,ev,CRY = 1 (increasing) 
If resp_evsp,ev,CRY < -0,01 Then responsesp,ev,CRY = -1 (decreasing) 



• Response to (all) variables, summarized over all regions: 

∑ ∑
=

BGR
BGR

BGR

BGR
BGRevspevsp area

area
evrespresp )*_( ,,,  

 
If respsp,ev > 0,01Then responsesp,ev = 1 (increase) 
If respsp,ev < -0,01Then responsesp,ev = -1 (decrease) 

 

A1.5 Total response 

The total response is the sum of the weighed responses of the environmental variables (including land-
use change). 
  
• Summarized response, per region: 

∑=
ev

BGRevspBGRsp evrespresp )_( ,,,  

• Summarized response, per country: 

∑=
ev

CRYevspCRYsp evrespresp )_( ,,,  

• Summarized response, all regions: 

∑ ∑
=

BGRev
BGR

BGR

BGR
BGRevspsp area

area
evrespresp

,
,, )*_(  

 
If respsp,x > 0,01Then responsesp,x = 1 (increase) 
If respsp,x < -0,01Then responsesp,x = -1 (decrease) 

 
responsesp,x  = response, per species (-) 
respsp,x   = summarized response, per species (-) 
resp_evsp,ev,x  = weighed response, per variable2 per species (-) 
area BGR   = area BGR (number of grids) 
x   = BGR, country or all regions. 

 

A2 Number of species 
The increasing and decreasing species are counted per species group. The number of stable species is the 
difference between the number of species per species group in BioScore (per BGR, per country or all 
regions) and the sum of increasing and decreasing species. So, stable species include species that are not 
sensitive to any of the changing variables, species that are not sensitive enough to lead to changes 
(difference in sensitivity scores is less than 1%) and species for which the sum of the responses is stable. 

                                               
2 Including environmental variable ‘land-use change’. 



• Number of increasing or decreasing species, per environmental variable, per BGR, per country or all 
regions: 

xevrepsonsegrpxevresponsegrp spcountspno ,,,,,, )(_ =  

Number of stable species, per environmental variable, per BGR, per country or all regions: 

∑−=
response

xevresponsegrpxgrpxevstablegrp spnospnospno ,,,,,,, ___  

 grp,response,ev,x = species, per response and per variable (= responsesp,ev,x)(-) 
no_spgrp,x = number of species, per species group 
x  = BGR, country or all regions. 
 

• Number of increasing or decreasing species, per BGR, per country or all regions: 

xrepsonsegrpxresponsegrp spcountspno ,,,, )(_ =  

Number of stable species, per BGR, per country or all regions: 

∑−=
response

xresponsegrpxgrpxstablegrp spnospnospno ,,,., ___  

spgrp,response,x  = species, per response (= responsesp,x)(-) 
no_spgrp,x  = number of species, per species group 
x   = BGR, country or all regions. 

 

A3 Percentage of species 
The percentage of the increasing, decreasing and stable species is related to the number of the species 
per species group, per BGR, per country or all regions. 
 
• The percentage of the increasing, decreasing and stable species, per species group, per 

environmental variable and per BGR, per country or all regions: 

100*
_

_
_

,

,,,
,,,

xgrp

xevrepsonsegrp
xevresponsegrp spno

spno
spp =  

no_spgrp,response,ev,x = number of species, per response and per variable (-) 
no_spgrp,x  = number of species, per group(-) 
x   = BGR, country or all regions. 
 

• The percentage of the increasing, decreasing and stable species, per species group and per BGR, per 
country or all regions: 

100*
_

_
_

,

,,
,,

xgrp

xrepsonsegrp
xresponsegrp spno

spno
spp =  

 
no_spgrp,response,x = number of species, per response (-) 
no_spgrp,x  = number of species, per group(-) 
x   = BGR, country or all regions. 

 

Results 
The BioScore tool generates a table, figures and maps based on numbers and percentages of species. 
 
Table 
• Number of species, per species group, for a country, a region or all regions; total (no_spgrpresponse,x) 

and per environmental variable (no_spgrp,response,,x,ev). 
• (Averaged) percentage species, for a country, a region or all regions total: 

( )
grpxresponsegrpxresponse sppAvgspp ,,, __ =  and 

per environmental variable:  

( )
grpxevresponsegrpxevresponse sppAvgspp ,,,,, __ =  

p_spgrp,response,x  = percentage total 
p_spgrp,response,ev,x = percentage per environmental variable 



x   = BGR, country or all regions. 
 
Figures 
• (Averaged) percentage species, for a country, a region or all regions; total (p_spresponse,x) and per 

environmental variable (p_spresponse,ev,x). 
 
Maps 
• (Summarized) percentage species, per country or per region total: 

∑=
responsegrp

xresponsegrpx responsesppspp
,

,, )*_(_  and 

per environmental variable:  

∑=
responsegrp

xevresponsegrpevx responsesppspp
,

,,,, )*_(_  

p_spgrp,response,x  = percentage total 
p_spgrp,response,ev,x = percentage per environmental variable 
x   = BGR or country. 

 
 



Annex 5 Additional results from case study on afforestation 
  in Italy 
 
 
Table A1: Land cover classes of the historical map for Italy, and open land and forest land cover classes considered in 
the study. 

Classes of the 
historical land cover 
map (year 1960) 

Open land classes considered (year 
1960): Aggregation of Corine Land 
Cover (CLC) classes for deriving habitat 
suitability from BioScore database 

CLC forest land classes considered 
(year 2000) 

Agricultural land Non-irrigated arable land  
 
(Irrigated arable land and rice fields were 
neglected because they cover only a minor 
area compared to non-irrigated arable land.)  

 

Heterogeneous 
agricultural land 

Annual crops associated with permanent 
crops  
Complex cultivation patterns 
Land principally occupied by agriculture, with 
significant areas of natural vegetation  

 

Pasture/grassland Pastures  
Natural grasslands  
Moors and heathland  

 

Forest  Sclerophyllous vegetation  
Transitional woodland-shrub  
Broad-leaved forest  
Coniferous forest  
Mixed forest  

Wooded plantation Vineyards 
Olive groves 
Fruit trees and berry plantations 

 

Barren areas   
Artificial areas   
Water   
 
Table A2: Corine Land Cover (CLC) nomenclature. 

11 Urban fabric 

111 Continuous urban fabric 
112 Discontinuous urban fabric 

12 Industrial, commercial and transport units 

121 Industrial or commercial units 
122 Road and rail networks and associated land 
123 Port areas 
124 Airports 

13 Mine, dump and construction sites 

131 Mineral extraction sites 
132 Dump sites 
133 Construction sites 

14 Artificial, non-agricultural vegetated areas 

141 Green urban areas 
142 Sport and leisure facilities 

21 Arable land 

211 Non-irrigated arable land 
212 Permanently irrigated land 
213 Rice fields 

22 Permanent crops 

221 Vineyards 
222 Fruit trees and berry plantations 
223 Olive groves 

23 Pastures 



 

  

231 Pastures 

24 Heterogeneous agricultural areas 

241 Annual crops associated with permanent crops 
242 Complex cultivation patterns 
243 Land principally occupied by agriculture, with significant areas of natural vegetation 
244 Agro-forestry areas 

31 Forests 

311 Broad-leaved forest 
312 Coniferous forest 
313 Mixed forest 

32 Scrub and/or herbaceous vegetation associations 

321 Natural grasslands 
322 Moors and heathland 
323 Sclerophyllous vegetation 
324 Transitional woodland-shrub 

33 Open spaces with little or no vegetation 

331 Beaches, dunes, sands 
332 Bare rocks 
333 Sparsely vegetated areas 
334 Burnt areas 
335 Glaciers and perpetual snow 

41 Inland wetlands 

411 Inland marshes 
412 Peat bogs 

42 Maritime wetlands 

421 Salt marshes 
422 Salines 
423 Intertidal flats 

51 Inland waters 

511 Water courses 
512 Water bodies 

52 Marine waters 

521 Coastal lagoons 
522 Estuaries 

523 Sea and ocean 

 

 



 

  

 

Figure A1: Sensitivity of 51 mammal species to afforestation in Italy (Mediterranean region). 



 

  

 
Figure A2: Sensitivity of 21 reptile species to afforestation in Italy (all biogeographical regions). 



 

  

 
Figure A3: Sensitivity of 13 amphibian species to afforestation in Italy (all biogeographical regions). 
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Figure A4: Sensitivity of 78 bird species to afforestation in Italy (all biogeographical regions). Waterbirds have been excluded from the analyses. No data were available for 
wooded plantations.  
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Figure A5: Sensitivity of dragonfly species to afforestation of land uses other than moors and heathlands in different regions of Italy; total number of species: 20/28/24 
(Alpine/Continental/Mediterranean). No data were available for the differentiation of forest types.  
 



 

  

 
 
Figure A6: Sensitivity of Mountain hare (Lepus timidus) to afforestation between 1960 and 2000 within the distribution 
range of the species in Italy (Alps). 
 
 
 
 
 
 
 
 
 



Annex 6 Additional results from prospective case study of  
  biofuel crop production 
 
 

 
 
Figure: Percentage of area covered with first-generation biofuel crop plantations per 50 km x 50 km cell in 2000 and 
in 2030, as projected by the Eururalis Global Economy scenario, for the biofuel policy options e1 (0% blending 
obligation), e2 (5.75% blending obligation) and e3 (11.5% blending obligation). 



Table A1: Land-use types (based on the Eururalis land-use simulation model) in 2000 and in 2030 for the three 
Eururalis biofuel policy options, in % of total land area. 

2030 
Land-use type 2000 

e1 e2 e3 

Arable land (non-irrigated) 27.8% 24.1% 23.2% 23.3% 

Pasture 13.1% 12.4% 12.5% 12.9% 

(Semi-)Natural vegetation (including natural grasslands, scrublands, 
regenerating forest below 2 m, and small forest patches within 
agricultural landscapes) 

11.1% 9.5% 9.1% 8.0% 

Recently abandoned arable land (i.e. ‘long fallow’; includes very 
extensive farmland not reported in agricultural statistics, herbaceous 
vegetation, grasses and shrubs below 30 cm) 

0.0% 0.8% 0.8% 0.6% 

Permanent crops 3.3% 2.9% 2.9% 2.9% 

Arable land devoted to the cultivation of (annual) biofuel crops 0.5% 1.2% 2.7% 3.9% 

Forest 30.7% 33.9% 33.8% 33.5% 

Recently abandoned pasture land (includes very extensive pasture 
land not reported in agricultural statistics, grasses and shrubs below 
30 cm) 

0.0% 0.7% 0.6% 0.5% 

Other land uses 13.4% 14.4% 14.4% 14.4% 

 
 
Table A2: Percentage of species possibly losing or gaining more than 1% of their potential habitat if the biofuel target 
is abolished (e1-e2) or doubled (e3-e2), or if the crop type is changed (woody-arable), per BGR. The second column 
(#) gives the total number of species per BGR and species group considered in the analyses. 
 

 

What might change if we 
abolish the current  

biofuel target?  
Comparison e1-e2  

(in %) 

What might change if we 
double the current  

biofuel target?  
Comparison e3-e2 

(in %) 

What might change if we 
cultivate woody instead 

of arable crops? 
Comparison woody-arable 

in e2 (in %) 
 # decr stable incr decr stable incr decr stable incr 

Amphibians           

Alpine 17 6 76 18 24 65 12 6 88 6 

Atlantic 16 0 50 50 75 25 0 6 88 6 

Black sea 8 0 88 13 0 100 0 0 100 0 

Boreal 10 40 60 0 30 70 0 0 100 0 

Continental 17 0 29 71 71 24 6 6 88 6 

Mediterr. 19 0 63 37 47 32 21 5 89 5 

Pannonian 12 0 17 83 50 42 8 0 92 8 

Steppic 12 0 33 67 42 50 8 0 92 8 

Mammals             

Alpine 58 9 79 12 57 38 5 9 64 28 

Atlantic 48 0 60 40 71 19 10 6 63 31 

Black sea 41 0 66 34 0 100 0 0 100 0 

Boreal 36 28 69 3 69 22 8 6 61 33 

Continental 58 7 10 83 86 10 3 9 64 28 

Mediterr. 56 7 29 64 77 16 7 5 64 30 

Pannonian 51 4 45 51 49 51 0 10 59 31 

Steppic 47 0 30 70 66 26 9 11 57 32 

Reptiles             

Alpine 23 0 78 22 9 83 9 0 87 13 

Atlantic 12 8 58 33 33 50 17 8 92 0 

Black sea 11 0 36 64 0 100 0 0 100 0 

Boreal 3 33 67 0 0 67 33 0 100 0 



 

 

What might change if we 
abolish the current  

biofuel target?  
Comparison e1-e2  

(in %) 

What might change if we 
double the current  

biofuel target?  
Comparison e3-e2 

(in %) 

What might change if we 
cultivate woody instead 

of arable crops? 
Comparison woody-arable 

in e2 (in %) 
 # decr stable incr decr stable incr decr stable incr 

Continental 22 0 32 68 50 50 0 5 77 18 

Mediterr. 29 3 38 59 62 38 0 3 76 21 

Pannonian 6 0 33 67 17 67 17 0 83 17 

Steppic 10 0 10 90 10 40 50 0 80 20 

Birds             

Alpine 180 12 82 6 15 70 15 14 76 10 

Atlantic 163 1 69 30 37 53 9 14 75 11 

Black sea 133 5 62 34 1 85 14 0 100 0 

Boreal 142 16 75 9 24 63 13 14 73 13 

Continental 177 6 48 46 35 50 15 14 76 10 

Mediterr. 167 8 51 41 41 39 20 14 74 12 

Pannonian 136 7 57 37 36 62 2 17 70 13 

Steppic 125 2 51 46 22 57 21 18 71 11 

 
 
Table A3: Percentage of species possibly losing or gaining more than 1% of their potential habitat if the biofuel target 
is abolished (e1-e2) or doubled (e3-e2), or if the crop type is changed (woody-arable), per country. Figures are 
summarized for birds, mammals, reptiles and amphibians. The second column (#) gives the total number of species 
considered in the analyses per country. 
 

 

What might change if 
we abolish the current  

biofuel target?  
Comparison e1-e2  

(in %) 

What might change if 
we double the current  

biofuel target?  
Comparison e3-e2 

(in %) 

What might change if 
we cultivate woody 

instead of arable crops? 
Comparison woody-arable 

in e2 (in %) 
 # decr stable incr decr stable incr decr stable incr 

Austria 205 8 44 47 48 34 18 13 70 17 

Belgium 162 4 95 1 44 44 12 13 70 17 

Bulgaria 211 8 32 61 2 92 6 2 95 3 

Cyprus 12 8 17 75 58 42 0 0 58 42 

Czech Republic 192 14 28 58 48 40 12 15 68 18 

Denmark 149 1 48 50 44 54 1 13 70 17 

Estonia 158 41 53 7 21 72 8 0 100 0 

Finland 153 10 72 18 35 54 11 12 73 15 

France 238 5 54 42 52 36 12 12 75 13 

Germany 211 5 51 45 44 41 16 12 72 16 

Greece 214 6 77 17 27 56 18 11 72 17 

Hungary 195 21 57 22 23 70 7 14 69 17 

Ireland 101 12 65 23 17 76 7 17 66 17 

Italy 228 6 63 31 57 27 16 9 75 15 

Latvia 164 56 30 13 5 93 2 13 69 18 

Lithuania 165 59 30 11 49 41 10 13 70 17 

Luxembourg 135 44 40 16 52 30 18 0 100 0 

Malta 15 13 27 60 60 20 20 20 60 20 

Netherlands 155 21 79 0 29 70 1 2 82 16 

Poland 200 16 31 54 43 46 12 14 70 17 

Portugal 163 29 52 18 13 47 40 2 97 1 

Romania 217 3 44 53 13 78 9 5 88 8 

Slovakia 190 14 31 56 46 51 4 14 68 18 



 

 

What might change if 
we abolish the current  

biofuel target?  
Comparison e1-e2  

(in %) 

What might change if 
we double the current  

biofuel target?  
Comparison e3-e2 

(in %) 

What might change if 
we cultivate woody 

instead of arable crops? 
Comparison woody-arable 

in e2 (in %) 
 # decr stable incr decr stable incr decr stable incr 

Slovenia 195 9 82 9 0 99 1 10 72 17 

Spain 213 8 41 51 50 35 15 12 72 15 

Sweden 171 8 82 10 18 73 9 8 82 9 

United Kingdom 157 14 85 1 27 62 11 11 74 15 

 
 
Table A4: Applied link between the habitat type data for vascular plant species and the land-use classes of the biofuel 
policy options. Only those habitat types/land-use classes are considered for which changes between the different 
biofuel policy options occur. 

Land-use class of the biofuel policy options used to 
link the habitat suitability with land-use changes 

Habitat types with available data on habitat 
suitability for the plant species 

Forest Forests 

Pasture 
Recently abandoned pasture land 
(Semi)Natural vegetation 

Natural and semi-natural grassland formations 

Permanent crops Temperate heath and scrub 

Arable land (non-irrigated) 
Recently abandoned arable land 
Arable land devoted to the cultivation of (annual) biofuel 
crops 

Ruderal and arable habitats 

 
 



Annex 7 Test with random set of species 
 
 
To test the reliability of our results, a set of 30 mammal and 102 bird species was randomly selected, 
reflecting exactly half of the mammal and bird species used for the analyses shown in Annex 6. For these 
species the same analyses on habitat changes at regional level for the e3-e2 scenario comparison were 
carried out as presented in Section 4.3 of the report, and the results were compared with the results for 
all mammal and bird species. As can be seen from the following table, the differences are fairly low for 
the biogeographical regions. The largest differences occurred for the Steppic region (mammals) and the 
Boreal region (birds). Overall, it can be concluded that the results achieved do not vary very much if a 
different set of species is used.  
  
Table: Percentage of species losing or gaining more than 1% of their potential habitat if the biofuel target is doubled 
(e3-e2), per biogeographical region: Differences between the results for the randomly selected set of mammal and 
bird species and the full set of species. 

Mammals Birds 
BGR 

decr stable incr decr stable incr 

Alpine -3,3 -2,2 5,5 0,6 -5,6 5,0 

Atlantic -4,2 2,1 2,1 2,8 -3,9 1,1 

Black sea 0,0 0,0 0,0 -0,8 -4,7 5,4 

Boreal -0,7 -3,5 4,2 9,4 -8,0 -1,4 

Continental -7,6 3,9 3,7 1,6 -4,2 2,5 

Mediterranean 1,8 -1,8 0,0 3,5 -5,2 1,7 

Pannonian 5,1 -5,1 0,0 1,1 -0,3 -0,8 

Steppic -13,8 13,6 0,2 1,5 -1,6 0,1 

 
 
 
 




