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Supplementary Note 1: Crop residue usage in Sub-Saharan Africa and South Asia 

 
One of the few papers to give a complete breakdown of crop residue usage across multiple 

sites is Valbuena et al.,1, who performed farmer surveys in 2010 for specific regions of Sub-

Saharan Africa and South Asia. Here we compare our dataset to their findings. Since 

Valbuena et al. considered clusters of villages surrounding a local market at distances of up 

to 50km, we compared their results to a small cluster of grid cells (specifically a square of 9 

grid cells surrounding the location of the market). As can be seen in Figure 1, there is 

reasonable agreement between our dataset and the findings of Valbuena et al.  

 

 
Supplementary Figure 1: Comparison of crop residue usage between our dataset and 

the survey results of Valbuena et al. Household survey results for crop residue usage in the 

year 2010 were reported by Valbuena et al. for 12 sites across 9 countries in Sub-Saharan 

Africa (MZ=Mozambique, ZW=Zimbabwe, MW=Malawi, NE=Niger, NG=Nigeria, 

ET=Ethiopia and KE=Kenya) and South Asia (IN=India and BD=Bangladesh)1. These are 

compared to the corresponding grid cells in our dataset.  
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Supplementary Note 2: Setting an upper bound for crop residue return in China 

 

Here we consider two reports of crop residue management in China that give a full 

breakdown of the different usages. These include Jiang et al.2, which reports data from the 

Chinese Ministry of Agriculture for 2009, and Li et al.3, which reports data for 2019. We 

compare these results to our dataset, and use them to justify the choice of an upper boundary 

of residues left on the field of 60% on a grid cell basis. The imposition of an upper boundary 

redistributes crop residue usage from being left on the field to other off-field uses, while 

leaving livestock and burning unaffected. 

 

Jiang et al. reports that 46% of residues were used as a soil amendment in 2009 and Li et al. 

report 52% in 2019. Using an upper boundary of 60% of residues left on the field for grid 

cells in China results in the corresponding values being 47% and 51% (see Figure 2). In the 

absence of a boundary the values would be 51% and 60%. 

 

It should be noted that there are some question marks concerning the allocation of crop 

residues reported in the two papers. Jiang et al. do not report any burning of crop residues, 

which contradicts satellite data. Li et al. report that 16% of crop residues are not used 

productively, but do not state what happens to these residues. In Figure 2 we have assigned 

these to burning, but it could be that some of them are lost in harvesting, transport or storage, 

which would instead fit into our other off-field use category. As such, the relatively poor fit 

between the burning fraction shown for 2019 in Figure 2 may be due to a misrepresentation 

of Li et al.'s data. It is also worth noting that both papers show data for all crop residues, 

including non-cereal crops. According to Li et al. cereal crops account for more than 83% of 

total residue production, suggesting that the comparison is valid, but differential usage 

between cereal and non-cereal crops may still have a small effect on the comparison to our 

dataset. 

 
Supplementary Figure 2: Comparison of crop residue usage in China in 2009 and 2019 

between our dataset and the papers of Jiang et al.2 and Li et al.3 
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Supplementary tables 

 

 
Reference Country/region Year Ref. Value (Tg) Dataset value (Tg) 

Lal4 USA 2001 367 360 

Li et al.5 Canada 2013 62 65 

Krausmann et al.6 N. America 2000 400 452 

Li et al.3 China 2019 720 712 

Jiang et al.2 China 2009 649 590 

Zhang et al.7 China 2011 591 626 

Krausmann et al.6 E. Asia 2000 574 544 

Li et al.8 China 2012 532 645 

Cao et al.9 China 2000 461 515 

SAARC10 India 2017 516 472 

SAARC10 Pakistan 2017 77 64 

SAARC10 Bangladesh 2017 72 85 

SAARC10 Afghanistan 2017 9.4 8.7 

SAARC10 Sri Lanka 2017 4.5 4.3 

Krausmann et al.6 S. Asia 2000 504 516 

Ravindranath et 

al.11 

India 1997 331 370 

Krausmann et al.6 Europe 2000 369 347 

Garcia et al.12 EU 2013 331 317 

Ronzon et al.13 EU 2013 308 317 

Scarlat et al.14 EU 2003 227 281 

Weiser et al.15 Germany 2003 30 38 

Copeland et al.16 UK 2007 15.7 17.9 

IEA bioenergy17 Denmark 2014 6.2 8.8 

Krausmann et al.6 Latin America 2000 360 216 

Cherubin et al.18 Brazil 2003 77 107 

Cherubin et al.18 Brazil 2013 111 143 

Krausmann et al.6 Sub-Saharan Africa 2000 253 204 

FAO W. Afr.19 UEMOA (W. 

Africa) 

2010 80 53 

Ayodele et al.20 Nigeria 2009 36 52 

Ayodele et al.20 Nigeria 2014 41 66 

Krausmann et al.6 S.E. Asia 2000 226 270 

Krausmann et al.6 M.E.N.A. 2000 136 117 

Krausmann et al.6 Eurasia 2000 111 135 

Krausmann et al.6 Oceania 2000 47 55 

Supplementary Table 1: Validation data for crop residue production. 
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Reference Usage Country/region Year Ref. fraction Dataset fraction 

Ravindranath et 

al.11 

Animal India 1997 0.47 0.43 

Weiser et al.15 Animal Germany 2003 0.16 0.10 

IEA 

bioenergy17 

Animal Denmark 2014 0.26 0.07 

Zhang et al.7 Animal China 2011 0.14 0.25 

Li et al.5 Animal Canada 2001 0.08 0.06 

Li et al.5 Animal Canada 2006 0.09 0.06 

Li et al.5 Animal Canada 2010 0.08 0.06 

Copeland et 

al.16 

Animal UK 2007 0.37 0.19 

Li et al.3 Animal China 2019 0.13 0.25 

FAO W. Afr.19 Animal Mali 1997 0.70 0.66 

FAO W. Afr.19 Animal Niger 1998 0.39 0.83 

Ronzon et al.13 Animal EU 2013 0.08 0.09 

Jiang et al.2 Animal China 2009 0.31 0.27 

Cao et al.9 Burnt China 2000 0.26 0.02 

Li et al.8 Burnt China 2012 0.23 0.03 

FAOSTAT21 Burnt China 2000 0.10 0.02 

FAOSTAT21 Burnt China 2005 0.10 0.03 

FAOSTAT21 Burnt China 2010 0.10 0.03 

FAOSTAT21 Burnt China 2015 0.10 0.05 

FAOSTAT21 Burnt China 2020 0.09 0.02 

FAOSTAT21 Burnt World 2000 0.11 0.05 

FAOSTAT21 Burnt World 2005 0.10 0.08 

FAOSTAT21 Burnt World 2010 0.10 0.07 

FAOSTAT21 Burnt World 2015 0.10 0.06 

FAOSTAT21 Burnt World 2020 0.10 0.06 

FAOSTAT21 Burnt India 2000 0.11 0.01 

FAOSTAT21 Burnt India 2005 0.11 0.05 

FAOSTAT21 Burnt India 2010 0.10 0.05 

FAOSTAT21 Burnt India 2015 0.10 0.06 

FAOSTAT21 Burnt India 2020 0.09 0.07 

Sharma et al.22 Burnt India 2019 0.12 0.06 

Zhang et al.7 Burnt China 2011 0.27 0.04 

Huang et al.23 Burnt India 2014 0.10 0.06 

Yan et al.24 Burnt China 2000 0.19 0.02 

Devi et al.25 Burnt India 2014 0.19 0.06 

FAO W. Afr19 Burnt Mali 1997 0.26 0.24 

FAO W. Afr19 Left on field Niger 1998 0.47 0.12 

IEA 

bioenergy17 

Left on field Denmark 2014 0.52 0.70 

Zhang et al.7 Left on field China 2011 0.38 0.48 

ABS26 Left on field Australia 2012 0.76 0.74 

Li et al.3 Left on field China 2019 0.51 0.50 

Jiang et al.2 Left on field China 2009 0.46 0.47 

Townsend et 

al.27 

Left on field UK 2012 0.55 0.63 

Ravindranath et 

al.11 

Other off-field India 1997 0.33 0.23 

IEA 

bioenergy17 

Other off-field Denmark 2014 0.23 0.23 

Cao et al.9 Other off-field China 2000 0.48 0.27 

Zhang et al.7 Other off-field China 2011 0.21 0.23 
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Li et al.3 Other off-field China 2019 0.20 0.22 

Jiang et al.2  Other off-field China 2009 0.23 0.23 

Yan et al.24 Other off-field China 2000 0.24 0.27 

FAO W. Afr.19 Other off-field Niger 1998 0.13 0.03 

Supplementary Table 2: Validation data for fractional crop residue use. 
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