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The soil organic carbon (SOC) model 
that we used1 was parameterized with 
data from arable land under normal 
farming conditions in North America, 
Europe, Africa and Asia,2 but the equa-
tion is insensitive to changes in tillage, 
soil texture and moisture. The model has 
reasonable accuracy, however, in pre-
dicting changes in SOC, residue remain-
ing and CO2

 emissions from initial SOC, 
carbon inputs from residue, and daily 
temperature1,2; the shoot-to-root ratio 
used in the geospatial simulation was 
0.29 (that is, root carbon is 29% of  to-
tal aboveground carbon), which did not 
underestimate carbon input to soil (Sup-
plementary Figure 2 in Ref. 1). There is 
more theoretical confidence in the con-
served nature of  SOC oxidation due to 
temperature1–5 relative to other factors 
such as tillage.6–8 In a recent compari-
son of  three SOC models (CENTURY, 

DAYCENT and DNDC), predictions 
were close to or within the range of  un-
certainty of  estimates derived from soil 
measurements, showing that these mod-
els tend to produce similar results from 
residue removal.5 (A range of  soil mea-
surements have also shown net SOC loss 
from residue removal.1,5) The model 
also agreed well with CO2

 emissions 
measurements from an AmeriFlux field 
site,1 which since 2000 has been funded 
with $7,370,000 from the US Depart-
ment of  Energy, the US Department of  
Agriculture and NASA, leading to over 
85 peer-reviewed publications. 

The question for life cycle assessment 
(LCA)1 is: what is the net change in 
SOC compared with a counterfactual sit-
uation where residue is not removed? It 
seems that the logic of  this question has 
not been recognized by the US Depart-
ment of  Agriculture9 or US Department 

of  Energy.10 Simulations with 2, 4 and 6 
Mg ha–1 yr–1 residue removal in the Corn 
Belt, corresponding to ~25, ~50, and 
~75–100% of  corn residue produced in 
a single year, respectively, each resulted 
in a net SOC loss compared with no re-
moval, which is difficult to measure in 
soil in less than 5 years but can be esti-
mated confidently using models.1,3,5 Im-
portantly, when SOC losses are normal-
ized for the energy in the biofuel derived 
from residue, roughly equivalent CO2

 in-
tensities are estimated regardless of  the 
amount of  residue removed (Figure 2c 
in Ref. 1) — a central finding of  our re-
search. 

The question for LCA is also not: how 
could these systems be in the future? The 
question is, however: how are these sys-
tems performing now, and how are they 
going to perform in the near term? The 
lignin coproduct is burned to provide 
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energy for biofuel processing, and cur-
rently no electricity exports or other co-
products exist in the Poet’s Liberty proj-
ect (http://poet-dsm.com/liberty). 
Potential electricity output from burn-
ing lignin could also be 69% lower than 
the estimate previously provided (that is, 
–17 g CO2

 equivalent MJ–1 versus –55 g 
CO2

 equivalent MJ–1).1,10 The lignin ox-
idized in biofuel processing is the SOC 
that is lost, because that lignin would 
have oxidized more slowly in soil.1–4 

Standards for LCA are under devel-
opment and in a state of  flux. Owing to 
the complexity of  LCA, a wide range 
of  values can be produced in these as-
sessments due to arbitrary variability in 
spatial and temporal parameter values, 
modelling assumptions, timeframes and 
system boundaries.11,12 Consequently, 
our analysis focused on quantifying un-
certainty in one primary variable: net 
SOC loss to CO2

 from residue removal.1 
The 30-year time interval precedent set 
by Searchinger et al. is arbitrary and bi-
ases results in favour of  biofuel produc-
ers.12,13 Precedents used by the US En-
vironmental Protection Agency may 
not favor near-term emissions reduc-
tions, and existing precedents will prob-
ably be revised. To accurately represent 
current climatic conditions and SOC 
dynamics, temperature measurements 
from 2001 to 2010 were used,1 because 
older data do not represent increased 
temperatures and future projections are 
more uncertain. The model,1 however, 

was also used to estimate SOC changes 
from 2010 to 2060 with estimated in-
creases in crop yields and temperatures 
from the IPCC’s Fifth Assessment Re-
port climate simulations (representa-
tive concentration pathway 8.5 emis-
sions scenario).14 When compared with 
no residue removal, removal of  3 Mg 
ha–1 yr–1 of  residue from continuous 
corn was estimated to lose ~0.22 Mg C 
ha–1 yr–1 on average in the first 10 years 
in three counties in Nebraska and Iowa; 
for the first 30 years, this value was re-
duced by ~52% on average to ~0.11 Mg 
C ha–1 yr–1 (Ref. 14). 

Yet, to dilute SOC emissions over 30 
years or more does not represent actual 
CO2

 emissions over the first 10 years, 
and presenting longer-term lower val-
ues can be deceptive. Sanchez et al. 
noted, “Policymakers may find it appro-
priate to focus on more certain, near-
term climate impacts, in which case a 
short horizon for fuel warming poten-
tial is sufficient.”12 If  residue is removed 
for biofuel, these systems could pro-
duce more CO2

 emissions than gaso-
line for more than 10 years (Ref. 1) and 
then possibly reduce emissions in 20 to 
30 years, after agricultural SOC stocks 
have significantly decreased and crop 
yields have probably declined. Alterna-
tively, SOC loss from residue removal 
can be widely recognized, and appro-
priate management can be used to com-
pensate for lost carbon and increased 
CO2

 emissions1.   
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