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,         (Eq. 3) 
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ES (indicator) 
Spatial variability 

Parcel Landscape structure 
Forage provision (yield) Considered (elevation and soil) Not available 
C sequestration (composite variable) Considered (elevation) Not available
Pollination (bee richness) Considered (diverse environmental factors) Considered 
Biodiversity conservation (plant richness) Considered (diverse environmental factors) Considered 
Outdoor recreation (photos taken in grass-
land area) 

Considered (elevation) Not available 

 



 



ES Catego-
ry 

ES Indicator Unit or range 
Data collec-
tion 

Sources Type of data 

Provisioning 
Forage 
production 

Yield 
Ton of Dry Mat-
ter per hectare (t 
ha y-1) 

 
Huguenin-Elie 
et al., 2017 

Modelled data 
based on field 
measurements 

Regulating 

Climate  
Regulation 

C sequestration  
(composite 
variable) 

Ton of C per 
hectare and year 
(t C ha y-1) 

Half-hourly 
measured 
fluxes, availa-
ble for several 
years 

FLUXNET2015 

Field meas-
urements at 
17 European 
flux towers 

Pollination Bee richness 
Number of spe-
cies 

Aerial netting 
collection 
along a 2 x 100 
m transect on 
three dates 
during good 
weather condi-
tions in 2010 

Lüscher et al., 
2016 

Field meas-
urements from 
the canton of 
Obwalden 
(Switzerland) 

Cultural 

Biodiversity 
conservation 

Plant richness 
Number of spe-
cies 

One survey of 
10 m × 10 m in 
2010 

Lüscher et al., 
2016 

Field meas-
urements from 
the canton of 
Obwalden 
(Switzerland) 

Outdoor recrea-
tion 

Photos taken in 
grassland area 

Number of pho-
tos between 
2007 and 2017 

17,979 photo-
graphs posted 
on Flickr  

Flickr (photo 
sharing social 
media website) 

Data collected 
from the Inter-
net 

Data Description Source 

Management 

Regime 2 categories: Meadow or pasture 
Census data, Canton 
of Solothurn 
 

Intensity 2 to 3 levels: intensive, less intensive (for the meadows only) 
and extensive 

Area Size of the parcel (ha) 

Biophysical 
factors 

Elevation Average elevation of the parcel (m) Aster Digital Elevati-
on Model Slope Average slope of the parcel (%) 

Soil 
Suitability for agricultural production. Five-classes typology 
based on slope, exposition and nature of bedrock 

FOAG, 2005 

Simpson diversity Index of landscape diversity  Corine Land Cover, 



Patch Richness Index of landscape fragmentation 2012 
Distance to forest Distance to closest patch of forest (m) 

 
 

ES 
ES indica-
tor 

Unit 
Tested exploratory varia-
bles 

Final model (signif-
icant explanatory 
variables) 

R2 N 

Forage provi-
sion 

Yield  
t of DM/ 
ha 

NA (Huguenin-Elie et al., 
2017) 

Regime, intensity, 
elevation, soil 

 See 
notes5 

 

Climate regula-
tion 

NEE t C ha-2 y-1 Regime, intensity, elevation 
Regime, intensity, 
elevation 

0.4 83 

Cinput  t C ha-2 y-1 NA Yield and N fertilizer NA NA 

Cexport t C ha-2 y-1 NA Yield 
 0.99 
(pasture) 

7 (pas-
ture) 

Pollination Bee richness Number 
of species 

Regime, intensity, elevation, 
slope, distance to forest, 
patch richness and Simpson 
index 

Regime, intensity, 
distance to forest, 
slope 

0.41 53 

Biodiversity 
conservation 

Plant rich-
ness 

Number 
of species 

Regime, intensity, elevation, 
slope, distance to forest, 
patch richness and Simpson 
index 

Regime, intensity, 
elevation, slope 

0.75 53 

Outdoor recre-
ation 

Photographs 
Number 
of photos 

NA  application of a normal 
vector 

Regime, intensity, 
elevation 

NA NA 

 

 







 







 





 

 



 

 

 



 













Type of data Parameters of linear regressions 

How data was acquired Equations described in Huguenin-Elie et al. 2017 

Type of data Quality-controlled ecosystem CO2 fluxes 

How data was acquired Field work 

Data format Raw 

Experimental features In-situ eddy covariance measurements at ecosystem scale globally 

Data source location Site locations are given with their official identifier in brackets. 
Switzerland: Chamau (CH-Cha), Früebüel (CH-Fru), Oensingen (CH-Oe1); 
Denmark: Enghave (DK-Eng), Rimi (DK-Lva); France: Laqueuille extensive 
(FR-Lq2), Laqueuille intensive (FR-Lq1), Lusignan (FR-Lus) ; Germany: 
Grillenburg (DE-Gri), Mehrstedt 2 (DE-Me2), Rollesbroich (DE-RuR); Hungary: 
Bugac (HU-Bug), Matra (HU-Mat); Ireland: Dripsey (IE-Dri); Italy: Monte 
Bondone (IT-Mbo); The Netherlands: Cabauw (NL-Ca1); UK: Easter Bush (UK-
EBu) 

Data accessibility Public repositories, available at European Fluxes Database Cluster 
(http://gaia.agraria.unitus.it/home) and FLUXNET2015 dataset 
(http://fluxnet.fluxdata.org/data/fluxnet2015-dataset) 



Type of data Biodiversity survey 

How data was acquired Field work 

Data format Raw 

Experimental features Data were collected at 19 Swiss farms distributed along a gradient of manage-
ment intensity and their elevation ranges from 605 m to 1137m.  

Data source location Canton of Obwalden, Switzerland 

Data accessibility Data published in Lüscher et al., 2016 



Intensity Elevation 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
Meadow 

Intensive 
Lowland 3.64 5.06 1.95 4.22 3.74 6.18 9.54 15.61 7.35 6.64 
Highland 9.04 2.13 1.15 0.71 1.06 10.81 5.14 9.31 3.72 5.41 

Less intensive 
Lowland 1.75 2.28 2.46 1.40 1.23 2.10 7.72 7.37 2.81 3.33 
Highland 6.72 8.39 0.00 0.00 5.04 0.00 5.04 3.36 0.00 5.04 

Extensive 
Lowland 4.15 3.21 1.94 4.28 3.29 5.33 8.29 11.76 2.49 6.64 
Highland 0.88 5.97 12.46 2.81 4.74 3.16 5.44 10.00 3.86 7.20 

Pasture 

Intensive 
Lowland 4.44 3.92 2.38 1.89 2.01 6.35 6.57 6.38 2.83 3.85 
Highland 7.73 1.47 1.07 2.00 2.27 4.00 8.93 20.53 2.93 36.66 

Extensive 
Lowland 7.35 3.30 2.20 3.71 2.27 7.83 8.24 9.06 2.68 11.06 
Highland 14.50 6.40 12.24 3.77 37.49 13.37 18.08 9.04 2.83 7.91 



 Meadows Pasture 
 Extensive  Less intensive  Intensive  Extensive  Intensive 
Number of parcels 6462  312 6900 1137 2572 
Area (ha) 3350 (0.001-

9.6) 
156 (0.001-96) 6647 (0.0003-

21.1) 
1562 (0.01-
25.9) 

3764 (0.0003-
23.1) 

Elevation (m) 556 (324-1351) 585 (349-
1269) 

594 (305-1373) 705 (335-1370) 619 (325-1373) 

Slope (%) 13 (0-87) 15 (0-56) 15 (0-87) 24 (0-75) 17 (0-77) 
Distance to the forest (m) 226 (0-2300) 120 (0-985) 166 (0-2336) 93 (0-2234) 165 (0-2266) 
Main class of soil suitabil-
ity 

1 4 4 5 5 

Regime Intensity 
Soil 

suitability 
Slope 
(%) 

Elevation 
(m) 

Parcel 
Area (ha) 

Distance 
to forest (m) 

Simpson 
Diversity 

Patch 
Richness 

Pasture Extensive 1 6 404 2.47 918.65 0 1 
Meadow Extensive 1 3 467 0.19 1215.46 0 1 
Meadow Intensive 5 20 972 5.35 443.54 0.26 2 



Meadow Extensive 3 6 479 1.00 1114.96 0 1 
Meadow Extensive 2 19 398 0.26 128.77 0.18 3 
Meadow Extensive 1 2 434 1.20 1632.10 0.27 2 
Meadow Intensive 2 8 630 0.55 806.07 0.23 2 
Meadow Extensive 3 2 436 0.26 1713.24 0.16 2 
Meadow Intensive 1 12 499 0.64 238.72 0.00 1 
Pasture Intensive 5 8 626 0.26 68.19 0 1 
Meadow Intensive 4 5 643 0.08 1985.28 0.43 2 
Meadow Extensive 1 5 460 0.09 1511.53 0.43 2 
Pasture Intensive 5 7 469 0.59 2051.49 0.00 1
Meadow Intensive 5 10 590 0.09 1359.37 0.43 2 
Meadow Intensive 4 8 500 0.72 881.82 0.12 2 
Meadow Less Intensive 4 6 479 0.01 15.17 0.24 2 
Meadow Intensive 2 2 460 1.09 634.54 0.16 2 
Meadow Intensive 3 5 699 1.80 968.27 0 1 
Meadow Extensive 1 3 476 0.24 2458.71 0.25 2 
Meadow Extensive 3 7 668 0.20 698.75 0. 1 



  (Eq. 1a)

Coefficients ( : Estimate 
(Intercept) -0.7906 
Regime-Pasture -0.1441 
Elevation -0.0018 
Intensity-Intensive 0.1414 
Intensity-Less Intensive -3.602 
Elevation: Intensity-Intensive 0.0001 
Elevation: Intensity-Less Intensive 0.0043 

        (Eq. 1d) 

Coefficients ( ): Estimate 
(Intercept) -0.01146 
Yield 0.409002 

 ,        (Eq. 2) 



Coefficients         Estimate  
(Intercept) 7.658406 
Regime-pasture 1.139367 
Intensity-Intensive -1.243324 
Intensity-Less Intensive -0.079226  
Distance to forest -0.003152  
Slope -0.108794  

Coefficients         Estimate  
(Intercept) 62.592872 
RegimePasture 3.186714 
IntensityIntensive -18.651679 
IntensityLess Intensive -7.149257 
Elevation -0.015758 
Slope -0.187069 









 
 Kruskall-Wallis 

Chi-squared p-value 

Yield 14251 <0.001 

C sequestration 14870 <0.001 

Bee species richness 8249.7 <0.001 

Plant species richness 13217 <0.001 

Number of photos 1926 <0.001 

MEADOW Yield C sequestration 
Bee spe-
cies rich-
ness 

Plant spe-
cies rich-
ness 

Number of 
photos 

Forage provision 1     
C sequestration -0.99 1    
Pollination -0.55 0.56 1   
Biodiversity -0.85 0.77 0.49 1  



Recreation -0.01 0.01 0 0.02 1 

PASTURE Yield C sequestration 
Bee spe-
cies rich-
ness 

Plant spe-
cies rich-
ness 

Number of 
photos 

Forage provision 1     
C sequestration -0.98 1    
Pollination -0.58 0.55 1   
Biodiversity -0.70 0.56 0.58 1  
Recreation -0.24 0.33 0.01 -0.20 1 

  ES score 

Regime Intensity level Min Max Mean Standard deviation  

Meadow 

Intensive 8 16 12 1.5 

Less Intensive 8 16 12 1.6 

Extensive 9 18 13 1.6 

Pasture 
Intensive 8 16 12 1.4 

Extensive 10 17 14 1.1 

 





 

Type of data Parameters of linear regressions 

How data was acquired Equations described in Huguenin-Elie et al. 2017 

Type of data Quality-controlled ecosystem CO2 fluxes 

How data was acquired Field work 

Data format Raw 

Experimental features In-situ eddy covariance measurements at ecosystem scale globally 

Data source location Site locations are given with their official identifier in brackets. 
Switzerland: Chamau (CH-Cha), Früebüel (CH-Fru), Oensingen (CH-Oe1); 
Denmark: Enghave (DK-Eng), Rimi (DK-Lva); France: Laqueuille extensive 
(FR-Lq2), Laqueuille intensive (FR-Lq1), Lusignan (FR-Lus) ; Germany: 
Grillenburg (DE-Gri), Mehrstedt 2 (DE-Me2), Rollesbroich (DE-RuR); Hungary: 
Bugac (HU-Bug), Matra (HU-Mat); Ireland: Dripsey (IE-Dri); Italy: Monte 
Bondone (IT-Mbo); The Netherlands: Cabauw (NL-Ca1); UK: Easter Bush (UK-
EBu) 

Data accessibility Public repositories, available at European Fluxes Database Cluster 
(http://gaia.agraria.unitus.it/home) and FLUXNET2015 dataset 
(http://fluxnet.fluxdata.org/data/fluxnet2015-dataset) 

Type of data Biodiversity survey 

How data was acquired Field work 

Data format Raw 



Experimental features Data were collected at 19 Swiss farms distributed along a gradient of manage-
ment intensity and their elevation ranges from 605 m to 1137m.  

Data source location Canton of Obwalden, Switzerland 

Data accessibility Data published in Lüscher et al., 2016 



Intensity Elevation 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
Meadow 

Intensive 
Lowland 3.64 5.06 1.95 4.22 3.74 6.18 9.54 15.61 7.35 6.64 
Highland 9.04 2.13 1.15 0.71 1.06 10.81 5.14 9.31 3.72 5.41 

Less intensive 
Lowland 1.75 2.28 2.46 1.40 1.23 2.10 7.72 7.37 2.81 3.33 
Highland 6.72 8.39 0.00 0.00 5.04 0.00 5.04 3.36 0.00 5.04 

Extensive 
Lowland 4.15 3.21 1.94 4.28 3.29 5.33 8.29 11.76 2.49 6.64 
Highland 0.88 5.97 12.46 2.81 4.74 3.16 5.44 10.00 3.86 7.20 

Pasture 

Intensive 
Lowland 4.44 3.92 2.38 1.89 2.01 6.35 6.57 6.38 2.83 3.85 
Highland 7.73 1.47 1.07 2.00 2.27 4.00 8.93 20.53 2.93 36.66 

Extensive 
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Area (ha) 3350 (0.001-
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1562 (0.01-
25.9) 

3764 (0.0003-
23.1) 

Elevation (m) 556 (324-1351) 585 (349-
1269) 

594 (305-1373) 705 (335-1370) 619 (325-1373) 

Slope (%) 13 (0-87) 15 (0-56) 15 (0-87) 24 (0-75) 17 (0-77) 
Distance to the forest (m) 226 (0-2300) 120 (0-985) 166 (0-2336) 93 (0-2234) 165 (0-2266) 
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ity 
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photos 
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PASTURE Yield C sequestration 
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Plant spe-
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Number of 
photos 
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