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Appendix 1

Supplementary information on materials and methods 

Land use/land cover data set

For the categories cultivated land (containing annually and permanently cropped land and fallow land) and closed forests, primary yearly data on area extent in the period 1961 and 2006 could be used from statistical publications and literature research (Biggs and Scholes 2002; Daff 2008b; Daff 2008a). Settlement area was assumed to follow the per person demand of the year 1995 (Fairbanks et al. 2000; FAO 2010). The extent of all other land-use/land-cover classes was assessed based on the difference between the potential extent of the respective land cover category (Acocks 1953) and the amount of cultivated, settled or closed forest areas in these biomes, for which rates of change in the 1990s are available from Fairbanks et al. (2000). Due to a lack of more specific information, these rates of change were assumed to remain constant throughout the time period.

The National Land Cover map from the year 1994/5 (in the following abbreviated as NLC 1995) was used as the basis for compiling a consistent land cover data set from 1961 to 2006 because of large shortcomings in terms of comparability between the more recent land cover maps available for South Africa. Still, some of the land cover categories were adapted from the original source: unused and unproductive land contains the entire area of the Kruger National Park as well as the most unproductive parts in the North West of the country. The NLC 1995 land cover class “Shrubland and low Fynbos” was split into three single classes: Low Fynbos (Acocks 1953), Sparse herbaceous and sparse shrubcover (JRC 2003) and Shrub cover (remaining part). All other land cover classes were taken from the NLC 1995, Undefined grazing land remains after subtracting all other land cover classes from the total land area. 
NPPh
The Abstracts of Statistical Agriculture provided by the Department of Agriculture, Forestry and Fishery (Daff 2008a) and the FAO statistical database (FAO 2010) were used as primary sources for crop production. The whole above-ground part of annual crops at the time of harvest as well as roots and tubers were considered as aNPPh. 

Agricultural statistics only give values for the production of the commercial parts of crop plants but do not usually provide data on used residues. Crop-specific harvest indices (HIs, i.e. the ratios between primary crop harvest and total plant weight, see 
 ADDIN EN.CITE 
(Evans 1993; Wirsenius 2000)
 were used to assess the total above-ground part of a plant. HI’s were gained through an extensive literature review 
 ADDIN EN.CITE 
(Esterhuyse et al. 1991; Evans 1993; Wirsenius 2000; Haberl et al. 2007)
 and, wherever possible, from country-specific assumptions during personal communications (Nell, pers. comm. 2010). For several crops, HIs for Western European countries appeared to be more appropriate than the standard values for Sub-Saharan countries, because it can be assumed that industrialisation has progressed further in South Africa than in the rest of Sub-Saharan Africa. 

2 shows HI-values for the most important crops planted in the RSA from 1961 to 2006.
Table 2: Harvest indices for selected years

	Commodity
	1961
	1970
	1980
	1990
	2000
	source

	Barley
	0.32
	0.32
	0.32
	0.33
	0.35
	s.t.

	Beans, Dry
	0.69
	0.69
	0.69
	0.69
	0.70
	s.t.

	Cow Peas, Dry
	0.69
	0.69
	0.69
	0.69
	0.70
	s.t.

	Groundnuts in shell
	0.37
	0.42
	0.38
	0.38
	0.40
	s.t.

	Maize
	0.18
	0.26
	0.34
	0.42
	0.50
	s.t., lit.

	Oats
	0.27
	0.27
	0.27
	0.20
	0.22
	s.t.

	Peas, Dry
	0.69
	0.69
	0.69
	0.69
	0.70
	s.t.

	Potatoes
	0.48
	0.48
	0.48
	0.49
	0.50
	s.t.

	Rapeseed
	0.27
	0.27
	0.27
	0.28
	0.30
	s.t.

	Rye
	0.27
	0.27
	0.27
	0.28
	0.30
	s.t.

	Sorghum
	0.18
	0.26
	0.34
	0.42
	0.50
	s.t., pers. comm.

	Soybeans
	0.37
	0.38
	0.39
	0.39
	0.40
	s.t., pers. comm.

	Sugar Cane
	0.58
	0.58
	0.58
	0.59
	0.60
	s.t.

	Sunflower Seed
	0.27
	0.30
	0.33
	0.37
	0.40
	s.t., pers. comm.

	Sweet Potatoes
	0.48
	0.48
	0.48
	0.49
	0.50
	s.t.

	Wheat
	0.27
	0.32
	0.38
	0.44
	0.50
	s.t., pers. comm.


HI =harvest index =  primary crop harvest / (primary crop harvest + residues); Sources: s.t.:standard tables from Evans (1993), Wirsenius (2000) and Haberl et al. (2007); lit.: literature Esterhuyse et al. (1991); pers. comm.: personal communication (Nell, 2010)
We distinguished between recovered, unrecovered and grazed crop residues. All these flows were considered as parts of aNPPh because they comprise biomass which is either extracted from ecosystems or affected or even destroyed by human activity (Haberl et al. 2007). Unrecovered residues are considered as immediate backflows to nature. They do not enter the socioeconomic system and are either left on the field, ploughed into the soil or, in the case of sugarcane, burned. The mass of crop residues entering the socio-economic system through harvest is calculated by multiplying the amount of crop residues by crop-specific recovery rates (Wirsenius 2000). For permanent crops, production data of the commercial parts of plants, as well as their annual biomass increment were added to calculate aNPPh.

Annually grazed biomass was calculated as the difference between feed demand and feed supply (grazing gap approach). Feed demand was calculated based on species-specific per head feed-demand factors and aggregated for grazers and non-grazers 
 ADDIN EN.CITE 
(Vitousek et al. 1986; Haberl 1997; Haberl et al. 2004a; Haberl et al. 2004b; Krausmann et al. 2008)
. Livestock numbers were derived from the FAO statistical database (poultry and pig numbers; FAO, 2010) and from the Abstracts of Agriculutal Statistics (cattle, goat, sheep, horse and mule numbers; (Daff 2008a). Grazed biomass was then assessed as the difference between feed demand and feed supply. Feed supply consists of market feed, fodder crops produced in the RSA and crop residues used as feed. Feed demand of non-grazers was considered to be covered first by market feed, then by crop residues. Grazers were assumed to consume the remaining market feed and crop residues, as well as all non-market feed, and grazed biomass. 49% of grazed biomass was assumed to be harvested on grassland, 20% in thicket and bushland, 10% in shrub land, 9% in open forests, 5% in sparse herbaceous and sparse shrub cover, 5% in low fynbos, 1% in fallow land and 1% in undefined grazing land. These percentages rely on rather rough estimations and therefore the geographical distribution of grazing assumed in this study should be interpreted cautiously.

Harvest of roundwood consists of the total above-ground mass of felled trees. It is calculated by multiplying data on wood removals (FAO 2010) by wood density values (41 t dm /m3 for coniferous and 58 t dry matter/m3 for non-coniferous wood) and a recovery rate of 54% (Pulkki 1997). Recovery rates represent the ratio between the commercial parts of a tree (wood removals) and felling losses (e.g. bark, branches, leaves). In terms of the production of non-coniferous pulpwood, values appeared unreasonably high from 2003 to 2006, with the value of 2002 almost doubling within one year. Assuming a mistake in the statistical record, we considered the value of 2002 for non-coniferous pulp wood to be constant for the remaining years. 

No annual statistics on the amount of fuelwood extraction are available for the RSA, however, various authors provide estimations on per-person demand for fuelwood harvest. These studies were often conducted for rural households (Gandar, 1983; Liengme, 1983; Banks et al., 1996), where fuelwood gathering is more common than in urban areas. The Department of Minerals and Energy (DME 1996) suggests an annually harvested amount of 9.8 mio. tons dry matter, or 4.9 mio. tons Carbon respectively, for the whole country (Williams and Shackleton 2002). We used this value divided by the population number to derive a constant per-person demand of 0.12 tons of Carbon per capita per year (tC/cap/yr). This value corresponds well to the FAO data on fuelwood consumption. 
aNPP0
aNPP0 data for each land-cover class in the RSA were only available for the year 2000 (as the 5-year mean of the years 1998-2002). For the remaining years, no consistent land cover dataset was available and thus aNPP0 values were available only at the country level. Data are available at a ten-year interval (five-year means) and were interpolated in linear form in the intermediate years. aNPP0 data are therefore not able to reflect interannual fluctuations, but they rather show the long term trend in potential biomass productivity. The trend in total aNPP0 from 1961 to 2006 was finally imposed on the aNPP0 values for each land-cover class of the year 2000. 

aNPPact on cropland 
aNPPact on cropland consists of the total above-ground parts of annual crops, which were calculated by adding pre-harvest losses to NPPh data. Pre-harvest losses, such as NPP consumed by insects during plant growth, were assessed by applying a pre-harvest loss factor of 33% 
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(Oerke et al. 1994; Krausmann et al. 2008)
 for the whole period under investigation.

Biomass appropriation through anthropogenic vegetation fires was not included in this aHANPP study. Within the South African Greenhouse Gas Inventory (UNFCCC 2009) an eight year remote sensing data set (2000-2008) was analyzed in terms of fire occurrence in different South African ecosystems, including human-induced and naturally occurring fires. This data set suggests that approximately 9 mio. tC/yr are burned each year in South African ecosystems. However, only the biomass burned in human-induced fires is relevant for aHANPP, but it is not possible to quantify the actual anthropogenic contribution to total fires. Furthermore, Archibald et al. (2010) outlined that South African fire regimes are human-driven, in a way that human dominated landscapes show a decline in burnt area fraction as well as fire size. This would support the notion that human-induced fire prevention causes a decrease in total aHANPP. However, a lack of quantitative data on the occurrence of potential (i.e. in the absence of human interference) fires impedes to quantify this effect in terms of aHANPP. In consequence to these intricacies, the amount of biomass appropriated through human-induced fires is neglected in the here presented aHANPP data.
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