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S2 Text. Projections of cropland and pasture land
We make a projection of the annual expansion of cropland and pasture areas between the year 2010 and
2050 under each agricultural production scenario to assess the carbon and biodiversity trade-offs over
time. Furthermore, pasture land projections are also required for our water quality assessment which
takes into account emissions from livestock production.

Cropland area
Model runs from the International Model for Policy Analysis of Agricultural Commodities and Trade
(IMPACT) provide the projected annual area harvested per crop, Food Producing Unit (FPU) and
scenario. Since the area harvested per crop might contain multiple harvests per year, annual cultivated
area per FPU is calculated as:

Acropt =
7∑

i=1

2∑
k=1

AHi,t,k

CIi,t,k
(Eq. S2.1)

where Acrop refers to the cultivated area of all seven crops (maize, rice, wheat, soybeans, sugarcane,
potatoes, sorghum) in year t. CI is the cropping intensity of crop i and k accounts for rainfed and
irrigated land. AH refers to annual area harvested of crop i under both, rainfed (k = 1) and irrigated
conditions (k = 2). CI values are derived from You et al. (2013) [1].

Pasture area for livestock production
Projected pasture area here refers to the estimated land footprint required to sustain the expected increase
in livestock production under the different scenarios. IMPACT does not directly provide results on
annual pasture land requirements. Hence, we used the data on pasture land area by FPU provided by
Ramankutty et al. (2010) [2] for the year 2000 as a reference point to make future pasture projections.
Likewise, we converted the IMPACT outputs of projected head numbers of cows, sheep and goats (for
pigs and chickens we assume that they are raised in landless/urban systems) by FPU into livestock units
(LU), applying region-specific conversion factors provided by FAO (2011) [3]. Accordingly, projected
annual pasture land by FPU is calculated as:

Apasturet =
3∑

l=1
Apasturel,2000 ∗ LUl,t

LUl,2000
(Eq. S2.2)

where Apasture2000 refers to the projected pasture area in year t and Apasturel,2000 is the projected
pasture area in the base year 2000 per livestock type l. LUl,t are the expected livestock units (heads per
hectare) of type l in each future year t and LUl,2000 refers to the livestock units of type l in the base year
(2000).

Livestock densities may vary across different production systems. We assume the share of different
livestock production systems (agro-pastoral, mixed extensive, mixed intensive) per FPU to remain con-
stant at year 2000 levels. Hence, only changes in livestock numbers and livestock yields affect changes in
the pasture land expansion, ignoring possible shifts towards more intensified livestock production systems,
due to data limitations.
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