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Level 1 (5 
classes) 

Level 2 (16 classes) Level 3 (23 classes) Level 4 (34 classes) 

1 - Aquatic 
areas 

12 - Water and 
associated area 

121 - As for 12 121-1 - As for 12 

2 - Built-up 
areas 

21 - Urban area 
  
  
  
 
22 - Communication 
networks and 
associated areas 
 
23 - Other artificialised 
areas  

211 - Housing area  
212 - Isolated housing area 
213 - Industrial, Commercial, 
Cultural and Sports area (ICCS) 
221 - Primary road network 
222 - Secondary road network 
223 - Railway network 
224 - Airport and associated 
area 
231 - As for 23 

211-1 - As for 211 
212-1 - As for 212 
213-1 - As for 213 
 
221-1 - As for 221 
222-1 - As for 222 
223-1 - As for 223 
224-1 - As for 224 
 
231-1 - As for 23 

3 - Agricultural 
areas 

31 - Crop 
 
 
 
 
 
 
 
 
 
 
 
 
 
32 - Grassland  
 
 
 
33 - Poplar 
34 - Hedgerow 

311 - Annual crop 
 
 
 
 
 
 
 
 
 
312 - Market gardening ; 
Horticulture  
313 - Permanent crop 
(orchard ; vine) 
321 - As for 32 
 
 
 
331 - As for 33 
341 - As for 34 

311-1 - Spring crops monocropping (SC) 
311-2 - Winter crops monocropping (WC) 
311-3 - SC/Grasslands  
311-4 - WC/Grasslands  
311-5 - SC/WC  
311-6 - SC dominance (1grassland)  
311-7 - SC dominance  
311-8 - WC dominance (1grassland)  
311-9 - WC dominance 
311-10 - Mixt SC/WC/grassland  
312-1 - As for 312  
 
313-1 - As for 313  
 
321-1 - Permanent grasslands  
321-2 - Grasslands (3 or 4 years)  
321-3 - Grasslands (1 or 2 years)  
321-5 - Pastures  
331-1 - As for 33  
341-1 - As for 34  

4 - Forest areas 41 - Hardwood forest  
42 - Coniferous forest 
43 - Mixed forest 
44 - Wood 
45 - Clearcut 

411 - As for 41 
421 - As for 42 
431 - As for 43 
441 - As for 44 
451 - As for 45 

411-1 - As for 41 
421-1 - As for 42 
431-1 - As for 43 
441-1 - As for 44 
451-1 - As for 45 

5 - Semi-natural 
areas 

51 - Moor wood 
52 - Open areas with 
short or no vegetation 
53 - Glacier 

511 - As for 51 
521 - As for 52 
 
531 - As for 53 

511-1 - As for 51 
521-1 - As for 52 
 
531-1 - As for 53 

Table S1: LULC typology and its four nested levels. 
 



 

Supplementary material S2. Map of Ecosystem Services' bundles at the scale of the french Alps, and 
focus on the Grenoble area.  Pictures are illustrating typical landscapes of each ES bundle (Lavorel et 
al., 2016). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                           
1 French National Alpine Botanical Conservatory  
2 Joint Research Center (JRC, European Commission) 

Ecosystem Services LULC typology used  

(refer to table 1) 

Additional data 

Type Scale/Grain Temporality 
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All areas at Level 4, reclassification from 

Globcover typology. 

 

1- GlobCover(© ESA 2010 and UCLouvain) 

2- Vertebrate occurrence area (Maiorano et al. 

2013) 

1- World 

2- Europe 

1- 2009 

2- One dataset 

Index and Method: Vertebrate species richness, expressed in number of species / km². 

1- Creation of a habitat map based on land cover data, according to the GlobCover 2009 typology at a 300 m resolution. 

2- Potential distribution of species according to their potential ecological niches . 

3- Calculation of vertebrate richness by merging the individual distributions. 

Model limits: The model indicates the number of species for which a landscape type is a primary or secondary habitat, with no restriction related to a conservation 

objective. The model does not take into account interactions between vertebrate species, or between vertebrate and non vertebrate species (plants, invertebrates, 

pathogens, etc.). 
 

Fl
o

ra
 

- - Land inventory data of 2748 species (CBNA1) - Alpes - One dataset 

Index and Method: Plant species richness, expressed in number of species / km². 

1- Potential distribution identification of 2748 species according to their potential ecological niches (Thuiller et al., 2014). 

2- Plant species richness calculation by merging the individual distributions. 

Model limits: The indicator chosen is linked to the potential plant species richness and not to the effective richness (requiring land inventory data). The model does 

not take into account interactions between plant species, or between plant and non-vegetal species (herbivory, pathogens, symbiosis, etc.). 
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 Agricultural areas level 4 1- AGRESTE (Yields) 

2- Energy scale (JRC2) 

1- Department 

2- EU 

1- One value per year 

2-One value 

Index and Method: Crop energy yield (average over 5 years, expressed as Giga Joules / Ha) (Lasseur, 2017). 

1- Average yields allocation based on crop succession types from AGRESTE agricultural statistics. 

2- Yields to equivalent energy conversion according to the JRC scale (Pérez-Soba et al. 2015). 

Model limits: Crop yields come from departmental sources and do not take into account local specificities or detailed farming practices. 
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 Agricultural areas level 4 1-AGRESTE (Yields) 

2- Energy scale (JRC)  

1- Department 

2- EU 

1- One value per year 

2-One value 

Index and Method: Forage energy yield (average over 5 years, expressed as Giga Joules / Ha) (Lasseur, 2017). 

Method same as 'crop production'. 

Model limits: Same as 'crop production'. 

The model does not take into account variation between grassland types. 
 



                                                           
3 French National Forest Office  
4 French National Geography and Forest Institute  

W
o

o
d

 p
ro

d
u

ct
io

n
 

Forest areas + poplar (level 2). 1- Land tenure (ONF3) 

2- Sylvo-ecoregions (IGN-IFN4) 

3- Forest inventory (IFN) 

1- France 1/25 000th 

2- France 1/1 000 000th 

3- Rhône-Alpes region 

1- 2009 

2- 2009 

3- annual, from 2005 to 

2013 

Index and Method: Estimated wood production in m3 / ha / year (volume of wood cut at 7cm).  

1- Forest area classification by stand, land tenure and sylvoecoregion type. 

2- Estimated wood harvesting, based on the estimated flows by the IFN for the Rhône-Alpes region during the 2005-2013 period. 

Model limits: Production was estimated on the basis of regional data resulting in very high uncertainties for growth and harvesting rates. 
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All areas at level 2. 1- Digital Elevation Model 

2- Accessibility data (roads, car parking) (IGN) 

3- Actual outdoor practice data (Camptocamp, 

Skitour, etc.) 

4- Population data 

1- France 1/25 000th 

2- France 1/25 000th 

3- Web sourced participant data, 

most often GPS tracks.  

4- Municipalities (INSEE) 

1- 2009 

2- 2009 

3- Between 2006 and 

2014 

4- 2009 

Index and Method: Outdoor recreation practice opportunities, expressed by a recreational opportunity index (Byczek et al., 2018, in revision) 

1- Modelling of a potential recreation index representing the quality of spaces for recreational practices. 

2- Modelling of a recreational opportunity index reflecting accessibility for outdoor recreation .  

3- Combination of the two indices to determine the range of ultimate recreational opportunities. 

Model limits:  The model is only concerned with recreational practices and does not include tourism or practices such as gathering, hunting, or artistic practices. It 

does not directly assess attendance but is a multifunctionality index linked to population pressure. 
 

R
e

gu
la

ti
o

n
 

C
ar

b
o

n
 S

to
ck

 Agricultural areas level 4 (grasslands) and 

forest areas level 2. 

- Biomass carbon stock (Lousteau 2004) ; 

(Dupouey et al. 1999) 

- Soil organic carbon stock (Meersmans et al. 

2012a ; Meersmans et al. 2012b)  

- Conversion rate (non spatial) 

- France, 250x250 m spatial 

resolution 

1- 2004 

2- Field surveys from 

2000 to 2009 

Index and Method:  Amount of carbon stocked in above-ground and below-ground biomass as well as in dead organic matter and soils (expressed in tC / km²) 

(Lousteau 2004). 

Determination of carbon stocks in biomass for forest and grassland environments and soil organic carbon. 

Aggregation of the stocks contained in the various compartments. 

Model limits:  The model considers carbon stock immobilized in ecosystems and not sequestration (which represents a flux). Wood density information and the 

carbon rate are used to estimate biomass carbon only at the stand scale (deciduous, coniferous). 
 



                                                           
5 Data ownership: ‘Ministero Italiano de l’Ambiente e della Tutela del Territorio del Mare’ and ‘Universita Catolica del Sacro Cuore’. 
6 French General Commission for Sustainable Development 

Er
o
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o

n
 All areas at level 2 (except built-up areas and 

bare rocks that do not provide erosion 

control). 

1- Climatic precipitation data - MétéoFrance 

(SAFRAN) 

2- Soil map (GIS-Sol) 

3-Digital Elevation Model (BD Alti IGN) 

1- Time period data  

(MétéoFrance weather stations)  

2- France, 1/100000th 

3- France, 10 m altitude accuracy 

1- hourly accuracy 

(2010) 

2- 2011 

3- 2009 

Index and method: The contribution of an ecosystem to erosion risk mitigation, estimated by a non-dimensional discrete index [0;4]. 

1- Modeling of potential erosion: depending on rainfall, soil type and slope factor ; 

2- Modelling of real erosion: including land cover effects ; 

3- Ecosystem contribution calculation based on risk (potential erosion-actual erosion) relative to the contribution of risk mitigation. 

Use of ClimChAlp5 model (BOSCO et al. 2009), empirical model adapted to alpine conditions. 

Model limits:  The model overestimates the rainfall erosion factor, and is not calibrated by field measurements, hence the need to consider the results in a 

categorical form. 
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 All areas at level 2. - - - 

Index and method:  Ecosystem ability to modulate water flows, expressed by a total annual infiltration indicator expressed in relative values. 

Modelling of the hydrological characteristics or the area according to climatic, topographic and land use/land cover factors using the Waterworld model (Mulligan 

2013). 

Model limits: The model does not provide calibration from' field' data, and does not take into account the specificities of the subsoil (e. g. karst networks). The 

results should be interpreted in relative terms only.  
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 Forest areas at level 2. - Digital Elevation Model (BD Alti IGN) - France, 10 m altitude accuracy - 2009 

Index and Method: Forest ability to reduce rock fall risk on target areas, expressed by presence/absence of rockfall protection forest. 

1- Hazard modelling, by locating the probable starting zones of rockfalls as well as their probable envelope of propagation. 

2- Risk modelling, by cross-checking hazards with the target sites (transport routes, built-up areas). 

3- Potential protection modelling, by extracting the forest envelopes in risk zones, RollFree model (Berger et al. 2013). 

Model limits:  Forest areas provide protection against other natural hazards such as avalanches, but these have not been integrated into this model. 

W
at

e
r 

q
u
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it

y All areas at level 4. 1- Precipitation climatic data - MétéoFrance 

(SAFRAN) 

2-BD Carthage 

3- Nitrogen loads (CGDD6) 

1- Time period data (MétéoFrance 

weather stations)  

2- France 

3- France 

1- Hourly accuracy 

(2005-2015) 

2- 2010 

3- One point data  

Index and Method: Nitrogen retention capacity of agricultural fields, expressed in t N / ha / yr). 

1- Average nitrogen load estimation, based on the nitrogen retention capacity of the different land cover types, their mean nitrogen surplus (amount of nitrogen 

emitted) and precipitation (average over 10 years). 



Supplementary material S3. ES models : data used (LULC and additional data), mapping methods and associated limits. 

 

 

 

 

 

 

 

 

                                                           
7 The Natural Capital Project: http://www.naturalcapitalproject.org/invest/ 

2- Estimation of nitrogen flows at the catchment scale and nitrogen retention allowed by the landscape matrix (taking into account hydrology and cumulative 

nitrogen retention as a function of water flows). 

3- Calculation of the amount of retained nitrogen by the landscape matrix downstream of each pixel that will not reach the hydrographic network. (adapted from 

Cabral et al., 2016)  

Use of InVEST model – NDR7 module. 

Model limits:  The model is very sensitive to nitrogen load and retention coefficient values depending on the land use type. With no validation data, results should 

be interpreted in relative terms only. 
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 Agricultural areas level 4, Forest areas and 

Semi-natural areas level 1. 

- - - 

Index and Method: Combination of demand and potential supply of pollination for agriculture, qualitative index. (adapted from Schulp, Lautenbach, et Verburg 

2014a) 

1- Identification of areas favourable for pollination supply (suitable habitats and dispersion of entomophilic populations). 

2- Identification of areas dependent on entomophilous pollination (demand for ES), according to crop types. 

3- Combination of supply and demand indices. 

Model limits:  The model represents a potential for pollination (potential habitat). It does not represent the actual presence of pollinators. 
 

http://www.naturalcapitalproject.org/invest/
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S1: LULC typology and its four nested levels. 

 

S2: Map of Ecosystem Services' bundles at the scale of the french Alps, and focus on the Grenoble 

area.  Pictures are illustrating typical landscapes of each ES bundle (Lavorel et al., 2016). 

 

S3: ES models: data used (LULC and additional data), mapping methods and associated limits. 
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