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In order to include information on whether the use of land as grazing land involved a land cover conversion we introduce a new distinction between rangeland and pasture: rangeland is low-intensity grazing land where the natural vegetation has not been converted. Pasture is high-intensity grazing land, or low intensity grazing lands where a conversion of the natural vegetation has occurred. The ESA land cover consortium maps are used as a basis to identify where high-intensity grazing land is located, as well as where land use conversion of the natural vegetation has occurred. 

Grazing land allocated to land cover types dominated by cropland, i.e. allocated in the first round, do not contain substantial amounts of tree or shrub-like vegetation and is thus assumed to be pasture (e.g. central USA and central Brazil).  Grazing land allocated to the land cover class “grassland” is regarded pasture if the natural vegetation type is forest (e.g. in the Netherlands), as a land cover conversion was involved (assuming that the WWF biome distribution map is correct). Grazing land allocated to other land cover types, i.e. in allocation step 2 or 3, which contain tree- or shrub-like vegetation, is considered pasture if the natural vegetation is a forest biome, and is considered rangeland if the natural vegetation is a non-forest biome (e.g. Northern Australia). 

The distribution of natural vegetation is derived from the WWF terrestrial ecoregion database, and all forest biomes from this database are assumed to have forest as natural vegetation.  The above rules imply that the low tree cover of a shrub or mosaic land cover type is either assumed to be natural or due to anthropogenic land-use and land-cover change, not a mix of the two, while this may actually be the case in reality.

A note on resolution and aggregation of datasets, and the implications. 
The HYDE allocation procedure takes place on a 5 minutes grid, while the ESA-LCC maps are at 300m resolution. Re-gridding the ESA data to 5 minutes therefore resulted in a 5 minutes map containing fractions of ESA land-cover classes. As we want to (were asked to) have 5 minutes grid cells to contain either pasture or rangeland, we had to derive from the mixed composition a unique label of whether allocation took place on agricultural or non-agricultural land cover types. To this end, we define that if  >50% of the allocated grazing land is allocated to non-agricultural land cover types, the whole grazing land use defined as allocated to non-agricultural land-use types. (We are currently exploring whether mixed composition of a 5 minutes grid cell of pasture and rangeland would improve the distinction between rangeland and pasture in some regions).

Summary of allocation rules:
To summarize, in the new pasture and rangeland classification pasture and rangeland can occur under the following sets of circumstances (see also Fig. 1):
· Pasture occurs on gridcells where >50% of grazing land is allocated on ESA land cover type cropland.
· Pasture occurs on gridcells where >50% of grazing land is allocated on ESA land cover type grassland when it is located within a WWF ecoregions forest biome.
· Pasture occurs on gridcells where >50% of grazing land is allocated on non-agricultural ESA land cover types when it is located within a WWF ecoregions forest biome.
· Rangeland occurs on gridcells where >50% of grazing land is allocated on ESA land cover type grassland when it is located outside a WWF ecoregions forest biome.
· Rangeland occurs on gridcells where >50% of grazing land is allocated on non-agricultural ESA land cover types when it is located outside a WWF ecoregions forest biome.
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Fig. 1: reason for pasture or rangeland classification: 1) red – pasture allocation to land cover cropland class (please note that there can be substantial fractions of grassland in the grid cells clarified as “ cropland”); 2) orange – pasture allocation to land cover grassland with aridity index >0.5; 3) yellow – rangeland allocation to land cover grassland with aridity index <0.5; 4) green – pasture allocation to non-agricultural land cover within forest biome ecoregion; 5) blue – rangeland allocation to non-agricultural land cover outside forest biome ecoregion



Comparing the HYDE method and the satellite-based approach
HYDE distinguishes pasture and rangeland-converted as grazing land where the natural vegetation is converted, and rangeland-natural as grazing land where the natural vegetation is maintained. Comparing location of conversion according to HYDE and the satellite-based approach shows generally good agreement (Fig. 1 and Fig. 2). Only a few locations in Africa and central Brazil show disagreement (Fig. 4). These areas are typically classified as Savannah biomes according to the terrestrial ecoregion classification, while in the ESA-CCI land cover they are classified as land cover cropland.
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Fig. 2: fractions of grazing land that lead to conversion (pasture + rangeland-converted) and fractions of grazing land that do not lead to conversion (rangeland-natural), according to HYDE methodology

[image: Y:\ontwdata\Image\ESA_LU_data\extra_analyses\pasture_rangeland_area_satellitebased_approach.png]Figure 3: fractions of grazing land that lead to conversion (Pasture) and fractions of grazing land that do not lead to conversion (Rangeland), according to the satellite-based approach
[image: Y:\ontwdata\Image\ESA_LU_data\extra_analyses\hyde_satapproach_diff_map.png]Figure 4: comparison between locations of conversion of natural vegetation according to the HYDE methodology and to the satellite-based approach
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