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Fig. S1. (Upper) Global crop yield relative to 1961, by crop group. Numbers to right of traces indicate percentage of global cropland in 2005. (Lower) Global
crop area expansion since 1961, by crop group. Numbers to right of traces indicate total crop area in 2005.
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Fig. S2. Fertilizer use by nutrient for RW and AW scenarios, 1961–2005.
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Fig. S3. Cumulative agricultural GHG emissions for RW and AW scenarios, 1961–2005. The AW scenarios assume that land expansion occurred in the same
proportion, by biome, as in the RW (Table S1). For each scenario, the shaded region corresponds to ±20% uncertainty in land and soil organic carbon content.
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Fig. S4. Price per ton of avoided carbon emissions due to investment in yield improvements for AW2. The plotted price values are estimates of the total global
agricultural investment between 1961 and 2005 divided by the total calculated carbon equivalent emissions differences between the RW and AW scenarios
(including fertilizer production, agricultural soils emissions, rice production, and land use change), calculated over a broad range of land carbon values and
agricultural investment estimates. The contour lines indicate carbon prices. The plotted square gives the price of carbon if all carbon savings between the RW
and AW2 scenarios are attributed to all agricultural R&D between 1961 and 2005. The plotted triangle gives the price of carbon assuming that 70% of R&D is
relevant to productivity and that 34% of yield improvements can be attributed to R&D. Error bars span ±20% for land carbon values.
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Fig. S5. Cost-benefit analysis of carbon savings. Carbon savings between RW and AW scenarios (in $billion) for a range of land carbon values are shown across
carbon prices (Upper, AW1; Lower, AW2). For each carbon price, the percentage of carbon savings (assuming the baseline AW scenario sparing land-use change
emissions of 105 ± 26 tC/ha) that would have to be attributed to agricultural investment to break even is noted (using the maximum total global estimated
value of $1,152 billion). For example, at $20/t, 36% of the carbon savings would have to be attributed to agricultural investment to break even.
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Table S2. Biomass and soil organic carbon values by biome

Biome Biomass carbon, t/ha Soil organic carbon, t/ha Source

Tropical evergreen forest 210 72 Gibbs et al. (1)
Tropical deciduous forest 132 72 Gibbs et al. (1)
Temperate broadleaf evergreen forest 100 101 Houghton (2)
Temperate needleleaf evergreen forest 160 101 Houghton (2)
Temperate deciduous forest 135 101 Houghton (2)
Boreal evergreen forest 90 155 Houghton (2)
Boreal deciduous forest 90 155 Houghton (2)
Evergreen/deciduous mixed forest 145 101 Houghton (2), estimate
Savanna 43 55 Gibbs et al. (1)
Grassland/steppe 8 59 Gibbs et al. (1)
Dense shrubland 69 59 Gibbs et al. (1)
Open shrubland 31 59 Gibbs et al. (1)
Tundra 1 1 Estimate
Desert 1 1 Estimate
Polar desert/rock/ice 1 1 Estimate

1. Gibbs HK, et al. (2008) Carbon payback times for crop-based biofuel expansion in the tropics: The effects of changing yield and technology. Environ Res Lett 3:034001.
2. Houghton RA (1999) The annual net flux of carbon to the atmosphere from changes in land use, 1850–1990. Tellus B 51:298–313.
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