
S7.1 Text

S7 Text. Water quality assessment
The study assesses impacts of different production pathways on the water environement. In order to
quantify the emissions of nitrogen-based pollutants related to each scenario, we apply the Soil and Water
Assessment Tool (SWAT) [1] model and couple it to the International Model for Policy Analysis of Agri-
cultural Commodities and Trade (IMPACT). For the base year SWAT simulation, grid-based estimates
of farming area by crop, pasture land areas and livestock animal counts are obtained from Monfreda et
al. (2008) [2], Ramankutty et al. (2008) [3] and Robinson et al. (2007) [4]. Data on crop and region
specific fertilizer application rates for the year 2000 are taken from Mueller et al. (2012) [5]. Note that
due to data limitations for year 2010, we had to take the base year 2000 for this analysis. In addition to
fertilizer, manure also provides nitrogen input to agriculture land. Due to lacking data to track the fate
of manure excreted from livestock production, we follow the approaches by Bouwman et al. (2009) [6]
and Liu et al. (2010) [7], in which the total amounts of excreta accumulated in stables or on pasture
land are calculated by multiplying the nitrogen excretion rates of livestock animals [8] by the size of
livestock species. It is assumed that 90% of manure produced in stables are recycled to cropland [9] af-
ter an adjustment to account for the loss of NH3 vitalization, as proposed by Bouwman et al. (1997) [10].

In order to analyze our future scenarios, we scale up gridded estimates of cropland areas, livestock an-
imal counts and pasture land areas for the year 2000. Total future values of these variables aggregated to
the Food Producing Unit (FPU) -level used in the SWAT simulation are matched to the values projected
by IMPACT and the pasture land estimations at FPU-level (see Text S5) by assuming invariant spatial
variability within each FPU. We also recalculate input rates of manure nitrogen to cropland and pasture
land and estimate future fertilizer application rates for each of our future scenarios. We also estimate
future fertilizer application rates and recalculate input rates of manure nitrogen to cropland and pasture
land for each of our future scenarios. We project future fertilizer rates based on the increases in crop
yields in each scenario, with a fertilizer yield response elasticity of 0.75. The elasticity is chosen following
Valin et al. (2013) [11] who calculated the world average trend observed over the last 30 years. Results
from IMPACT model runs provide information on yield changes for each of the seven crops in each FPU
in LAC in 2050 which serve as the basis for calculating fertilizer application rates. Note that this proce-
dure is not optimal for estimating future fertilizer needs, because of nonlinearities in the fertilizer-yield
response. Similarly, we recalculate input rates of manure nitrogen on cropland and pasture land by as-
suming that the values of those key parameters used in the calculation, such as livestock animal nitrogen
excretion rates and manure recycle rates to cropland, are unchanged rates over time. However, due to
data limitations and the large regional scale of the paper, we need to stick to these rough estimations.

Finally, extra care is taken in the simulations for sustainable intensification. Under the sustainable
intensification scenario with NUE improvement (3a), input rates of fertilizer and manure nitrogen on
crop land are further adjusted according to calculated nitrogen input rates for the intensification scenario
(2) and specified NUE enhancement (+20%). In the simulation for sustainable intensification with pre-
cision agriculture (3b), an auto-fertilization function in the SWAT model [12] is invoked to mimic the
“intelligence” in fertilization operation in precision agriculture. The auto-fertilization function allows the
model to determine the quantity and timing of nitrogen fertilizer/manure applications, given nitrogen
requirements of different crop plants.
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