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1 In t rod uc t ion  

The  carb on intens ity (CI) of t ransp orta t ion fue ls  can b e  red uce d  through the  use  of b iofue ls , which 
can have  lower CI va lues  than t rad it ional foss il fue ls . Life  cyc le  ana lyses  ind icat e  that  fee d s tock 
p rod uc t ion—growing the  b iofue l c rop —is  the  mos t  carb on intens ive  s tage  of b iofue l p rod uc t ion (Xu 
e t  a l., 20 22). Ad op t ion of c e rtain regene rat ive , or low- carb on, agricultural p rac t ice s 1 (e .g., cove r c rop s , 
red uc ed  t ill, no- t ill), and  nut rient  manage ment  (e .g., use  of nit rific at ion inhib itors , and  imp rove d  
nit rogen use  e ffic iency) c an b oth red uce  nit rous  oxid e  (N2O) emiss ions  and  inc rease  soil organic  
carb on (SOC) c om p are d  to feed s tocks  p rod uc ed  with b us iness - as - usual (BAU) farming p rac t ice s , 
re sult ing in a  red uc t ion of b iofue l CI.  
 
USDA p ub lished  “Te chnical Guid e lines  for Climate - Smart  Agriculture  Crops  Us ed  as  Biofue l 
Fee d s tocks” on January 17, 20 25 . The  inte rim rule  e s tab lishes  guid e lines  for q uant ifying, rep ort ing, 
and  ve rifying the  CI as soc iated  with the  p rod uc t ion of b iofue l fe ed s tock c om mod ity c rop s  grown in 
the  Unite d  Sta te s . The  rule  fac ilita t e s  re cognit ion of t he  lower feed s tock CI score s  from ad op t ion of 
sp ec ific  low- carb on agric ulture  p rac t ice s  and  nut rient  manage ment . In turn, lower CI sc ore s  for 
feed s tocks  may b e  re cognized  in c lean t ransp ortat ion fue l p rograms  and  c rea te  new marke t  
op p ortunit ie s  for b iofue l feed s tock p rod uc e rs . As  a  com p anion to this  rule , USDA’s  Office  of the  
Chie f Economis t  (OCE) collab orat ed  with Argonne  Nat ional Lab oratory (ANL) to d e ve lop  a  USDA-
sp ec ific  ve rs ion of the  Fe e d s tock Carb on Int ens ity Calcula tor (USDA FD- CIC) that  e s t imate s  the  
feed s tock c rop - sp e c ific  CI imp ac ts  of ad op t ion of se le c te d  c om b inat ions  of low- carb on p rac t ice s  
and  nut rient  manage ment . USDA FD- CIC inc lud es  up d ated  mod e ling used  to gene rate  N2O and  SOC 
imp ac ts , up d ate d  low- carb on p rac t ic e s , and  regionalized  CI e s t imate s  in lieu of nat ional ave rages .  

This  ve rs ion of USDA FD- CIC re lie s  on d ata  from ANL’s  20 25  R&D FD- CIC (Rev1). These  d ata  are  
sub jec t  t o change  in future  up d ate s  to USDA FD- CIC and  any othe r ve rs ions  of the  tool that  are  
ad op ted  for use  und e r sp ec ific  p olic ie s  and  p rograms . 

The  feed s tock c rop  CI s core  e s t imate d  b y USDA FD- CIC cons id e rs  the  ne t  on- farm and  up s t re am 
imp ac ts  from changes  in N2O emiss ions , SOC, and  c arb on d ioxid e  (CO2) e miss ions  as soc iated  with 
nut rient  manage ment  (inc lud ing use  of nit rific at ion inhib itors ), the  ad op t ion of s e le c te d  low- carb on 
p rac t ice s  (red uc ed  t ill, no- t ill, c ove r c rop s  and  grazed  c ove r c rop s ), up s t ream  and  on- farm fue l use , 
urea and  lime  emiss ions , and  up s t ream imp ac ts  of fe rt ilize r and  othe r che mic al use  as soc iate d  with 
the  p rod uc t ion of b iofue l feed s tocks . These  im p ac ts  are  a ll exp re ssed  in as  carb on d ioxid e  
eq uivalent  (CO2e ). The  CI e s t imate  the  CO2e  imp ac t  p e r b ushe l of fee d s tock p rod uce d  is  b ased  on 
the  following on- farm and  up s t ream sources  of e mis s ions 2: 

• SOC e miss ions  and  removals  from ad op t ion of low- c arb on p rac t ice s ; 

 
1 Low-carbon agriculture practices are agricultural management, practices, systems, and technologies that 
have been demonstrated to generally reduce greenhouse gas emissions or increase soil carbon 
sequestration. 
2 Note  that  me thane  emiss ions  from ente ric  fe rm enta t ion are  not  cons id e red  within the  b ound arie s  
of this  analys is . 
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• Direc t  and  ind irec t  N2O e miss ions  from nut rient  management—inc lud ing fe rt ilize r and  manure  
ap p licat ions  as  we ll as  use  of nit rific at ion inhib itors—and  imp ac ts  of ad op t ion of low- carb on 
p rac t ice s ;  

• CO2e  emiss ions  from up s t ream and  on- farm fue l use ; 

• CO2 emiss ions  from urea and  lim e  ap p lica t ion; 

• Up s tream CO2e  e miss ions  from fe rt ilize r p rod uc t ion; and  

• CO2e  emiss ions  from manufac ture  and  t ransp ortat ion of othe r che mic als  used  in p rod uc t ion 
of the  feed s tock.  

This  technical d ocument  d esc rib es : 1) the  m od e ling p e rforme d  to gene ra te  the  N2O and  SOC 
imp ac ts  of low- carb on and  nut rient  manage ment  p rac t ic e s ; 2) the  me thod s  for d eve lop ing the  
region-  and  c rop - sp e c ific  SOC, N2O and  CO2 fac tors  used  to e s t imate  CI score s ; and  3) the  me thod s  
used  to ca lculate  the  fee d s tock CI sc ore s  in USDA FD- CIC. USDA d e ve lop ed  the  USDA FD- CIC 
me thod ology in c ollab orat ion with the  Sys te ms  Assessment  Cente r (SAC) at  Argonne  Nat iona l 
Lab oratory (ANL), Colorad o Stat e  Unive rs ity’s  Natura l Resource  Ecology Lab ora tory, and  ICF 
Inte rnat ional.  

 

2 Mod e ling t he  Cha nge s  in  Soil Ca rb on a nd  N2O Em is s ions  
Im p a c t s  of Biofue ls  Fe e d s t oc k Prod uc t ion   

The  SOC and  N2O imp ac ts  of feed s tock p rod uc t ion for a  BAU b ase line  and  a  se t  of a lt e rnat ive  low-  
carb on p rod uc t ion management  s cenarios  were  s im ulated  b y Colorad o Stat e  Unive rs ity (CSU) us ing 
the  DayCent  mod e l (see  Ap p end ix B for a  d esc rip t ion of the  DayCent  mod e ling framework and  it s  
ap p roach to unc e rtainty). DayCent  is  a  p roc ess - b ased  b iogeochemical mod e l that  s imulate s  carb on, 
nit rogen, and  othe r nut rie nt  fluxes  in agroe cosys te ms  ove r long t im e  scale s . Key d rive rs  of N2O 
emiss ions  and  carb on seq ues t rat ion e s t imate s  inc lud e  soil mois ture , soil t exture , manage ment  
p rac t ice s  (such as  t illage , fe rt ilizat ion, and  c rop  rota t ion seq uences ), and  c limate  variab le s  (such as  
tem p era ture , p rec ip itat ion, and  solar rad iat ion).  

For each b iofue l fee d s toc k cons id e red  in this  analys is—corn, soyb eans , sorghum, and  sp ring canola—
CSU es t imated  N2O emiss ions  and  SOC changes  for a  BAU b ase line  scenario d eve lop ed  from the  U.S. 
Environmenta l Prote c t ion Agency (EPA) Inventory of U.S. Greenhous e  Gas  Emis s ions  and  Sinks  (U.S. 
GHG Inventory),3 and  ad d it ional scenarios  as soc ia ted  with ad op t ion of low- carb on p rac t ic e s  (i.e ., 
red uc ed  t ill, no- t ill, c ove r c rop s , and  grazed  c ove r c rop s ), and  nut rient  management  (i.e ., nit rific a t ion 
inhib itors . The  analys is  inc lud es  ad op t ion of s ingle  low- carb on p rac t ice s  as  we ll as  s tacking mult ip le  
p rac t ice s  for each fe ed s tock. The  DayCent  mod e ling re sult s  we re  used  to d e rive  regiona l and  c rop -
sp ec ific  annualized  changes  in SOC ac cumulat ion and  N2O e miss ions  for BAU and  low- carb on 
p rac t ice  ad op t ion scenarios  (e .g., t illage  and  c ove r c rop  sc enarios ) as  we ll as  imp lied  emiss ions  
fac tors  for d ire c t  and  ind irec t  N2O e miss ion from fe rt ilize r and  manure  ap p licat ions .  

 
3 EPA 2024. 
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2.1 Sim ula t ing t he  Bus ine s s - a s - Us ua l (BAU) Ba s e line  

The  BAU b ase line  sc enario  used  for the  analys is  ut ilize s  the  m od e l, m e thod s  and  d ata  inp uts  ap p lie d  
in the  U.S. GHG Inventory. The  DayCent  m od e l s imulated  b ase lines  for SOC s tock changes  and  soil 
N2O emiss ions  for U.S. agricultural land s  und e r BAU p rod uc t ion me thod s  for c orn, soyb ean, sorghum, 
and  sp ring canola p rod uc t ion us ing the  U.S. Dep artm ent  of Agriculture ’s  20 17 Nat ional Resourc es  
Inventory (NRI) (USDA- NRCS 20 20 ).  Base line  DayCent  s imulat ions  are  cond uc ted  on the  USDA 20 17 
Nat ional Resources  Inventory (NRI) p oints  (USDA- NRCS 20 20 ), with s ite  cond it ions  sp ec ific  to those  
p oints  and  a  se t  of management  p rac t ic e s  imp uted  to those  p oints  us ing a  wid e  array of d ata  
sources  (p lease  se e  b e low for d e tails  on how management  is  imp ute d ).  

Da yCe nt  In it ia liza t ion  a nd  Sim ula t ions  

DayCent  is  init ia lized  in three  s te p s . In the  firs t  s t ep , the  mod e l is  run to a  s tead y s tate  cond it ion (i.e ., 
eq uilib rium) und e r nat ive  vege tat ion, his torica l c lim ate  d a ta  and  the  soil charac te ris t ic s  for the  NRI 
survey loca t ions . In the  se cond  s te p , the  mod e l s im ulate s  the  exp ans ion of agriculture  following 
Europ ean se t t le ment  to the  b eginning of the  NRI survey in 19 79 . This  s tep  cap ture s  the  loss  of SOC 
and  N following conve rs ion of nat ive  vege ta t ion to c rop land  and  inc lud es  varying t ime  p e riod s  of land  
conve rs ion d ep end ing on his torical se t t lem ent  p at t e rns  s tart ing in the  170 0 s . In the  third  s te p , the  
mod e l s imulate s  the  c rop p ing his torie s  in the  NRI survey from  19 79  to 20 17, which have  b een 
extend ed  through 20 20  us ing the  USDA Nat ional Agriculture  Stat is t ic s  Se rvice  (NASS) Crop  Data 
Laye r (CDL) (USDA- NASS 20 21).  

CSU s imula ted  eve ry NRI survey loc at ion with at  le as t  one  of the  b iofue l c rop s  (corn, soyb ean, 
sorghum, and  canola) in the  mos t  re cent  five  years  of availab le  c rop  his tory (20 16 - 20 20 ). The  
b ase line  p rojec t ion rep lica ted  this  five - year rotat ion ove r 30  years . CSU exc lud ed  NRI surve y 
loca t ions  with rec ent  gras s - to- c rop land  c onve rs ions  in the  p revious  20  years  (20 0 0  or la te r) 
b ecause  land  use  change  has  a  much large r e ffe c t  on t rend s  in SOC s tocks  and , to a  le s se r extent , 
soil N2O e miss ions , comp ared  to changes  in manage ment  p rac t ice s . By e xc lud ing these  p oints , CSU 
was  ab le  to ensure  that  N2O and  SOC changes  were  d riven b y managem ent  e ffec ts  ra the r than the  
e ffec ts  of land  use  change . In ad d it ion, land s  enrolled  in USDA’s  Conse rva t ion Rese rve  Program were  
exc lud e d  from the  ana lys is  as  they are  not  ac t ive ly used  for c rop  p rod uc t ion. 

Im p ut a t ion  of Ma na ge m e nt  Pra c t ic e s  

For corn, soyb eans , and  sorghum rota t ions  the  BAU b ase line  sc enarios  use  the  c rop land  
managem ent  d a ta  from the  U.S. GHG Inventory.4 These  manage ment  d ata  cap ture  the  current  
managem ent  p rac t ice s  on U.S. fa rm land , which inc lud es  a  comb inat ion of convent ional and  low-
carb on and  nut rient  management  p rac t ic e s  (e .g., BAU inc lud es  a  mixture  of intens ive , red uced  and  
no- t ill p rac t ice s  e mp loye d  ac ross  the  land scap e , in ad d it ion to various  fe rt ilize r ap p lica t ion rat e s , 
c rop  rota t ions , cove r c rop  ad op t ion, e tc .). Managem ent  d ata  a re  d rawn from s eve ral sources  in 
ad d it ion to  the  NRI d ata . The  USDA Natura l Resource s  Conse rvat ion Se rvic e  (NRCS) Conse rvat ion 
Effec ts  and  Assessment  Proje c t  (CEAP) p rovid ed  sp at ial d a ta  on mine ral fe rt ilizat ion, cove r c rop  
usage , as  we ll as  p lant ing and  harves t  d a te s  (USDA- NRCS 20 22; USDA- NRCS 20 18; USDA- NRCS 

 
4 Cropland management data from the US GHG Inventory were not used for canola is it is not included in the 
US GHG Inventory.  
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20 12)5. Fe rt ilize r d a ta  were  also used  from Agricultura l Resource  Manage ment  Surveys  (ARMS) at  the  
s tate  sca le  (USDA- ERS 20 20 ). Tillage  and  cove r c rop  d ata  were  a lso inform ed  b y the  Op e rat ional 
Tillage  Informat ion Sys te m  (Op TIS) Data Prod uc t 6, which is  d e rived  from rem ote  sens ing image ry 
(Hagen e t  a l. 20 20 ). Cove r c rop  d ata  are  a lso ut ilize d  from the  USDA Census  of Agriculture  at  the  
s tate  sca le  (USDA- NASS 20 12, 20 17). See  the  U.S. GHG Inventory rep ort  (U.S. EPA 20 24) for more  
informat ion ab out  the  his torica l manage ment  d ata .  

CSU mad e  the  following assump t ions  for the  corn, soyb eans , and  sorghum BAU b ase lines : 

• Cover c rop s  were  not  p lanted  b e fore  or aft e r hay or p as ture  c rop s .     

• Tillage  was  c las s ified  at  the  NRI p oint  sc ale  as  a  management  s ys tem  b ased  on the  U.S. GHG 
Inventory d ata  that  is  s tat is t ic ally im p uted  from Op TIS and  CEAP survey d ata  us ing machine  
learning m e thod s  (U.S. EPA 20 24). All c rop s  in a  rota t ion rec e ived  the  same  t illage  p rac t ic e  
(i.e ., no- t ill sys te m had  no- t ill in each year). Conseq uent ly, the re  is  no inte rmit tent  t illage  in 
the  b ase line . The  exce p t ion was  hay and  p as ture  in rotat ion with annual c rop s , in which hay 
and  p as ture  were  not  t ille d  in years  following e s tab lishment .  

• Fert ilize r ra te s  we re  b ase d  on CEAP and  ARMS d ata  as  s tat is t ic ally im p uted  for 20 16 - 20 20  in 
the  U.S. GHG Inventory (U.S. EPA 20 24). The  CEAP d ata were  collec ted  through surveys  
cond uc ted  on a  sub - sam p le  of the  NRI p oint  locat ions  and  were  used  to infe r rate s  on 
ind ivid ual fie ld s . The  ARMS d ata p rovid ed  s ta te - leve l fe rt ilize r rate s  ove r two d ecad es  that  
we re  used  to infe r t rend s  ove r t im e . Fe rt ilize r sale s  d ata  were  used  to c ons t rain the  tota l 
ap p licat ion of mine ra l fe rt ilize r a t  the  s tate  scale  (U.S.- EPA 20 24, Brakeb ill and  Gronb e rg 20 17, 
AAPFCO 20 13 –  20 22). All fe rt ilize r was  assumed  to b e  80 %/20 % am monium/nit rate . The re  
were  insuffic ient  d ata  to inform fe rt ilize r ap p licat ion t iming when the  las t  U.S. GHG Inventory 
was  comp ile d  (U.S.- EPA 20 24). All fe rt ilize r was  ap p lied  at  the  t im e  of p lant ing for all c rop  
rotat ions , with the  e xc ep t ion of the  corn and  hay/p as ture  (CHP) rota t ion, in which corn and  
grass  hay rece ive d  sp lit  ap p licat ions . Corn rec e ive d  25% at  p lant ing and  75% 40  d ays  afte r 
p lant ing, while  grass  hay rece ived  50 % at  p lant ing and  50 % in June . 

• The  availab le  manure  for ap p licat ion to  soils  was  e s t imate d  as  d es c rib e d  in the  US EPA 
Nat ional Greenhouse  Gas  Emiss ions  Rep ort  (US- EPA 20 24).  The  p rop ort ion of area rece iving 
manure  ap p lica t ion and  ra te  of manure  ap p lica t ion were  d e te rmine d  from USDA- NRCS CEAP 
Data (USDA- NRCS 20 22) and  ARMS (USDA- ERS 20 20 ), us ing grad ient  b oos ted  mod e ls  
(GBM). The  mod e ls  e s t imated  manure  ap p lic at ion sp ec ific  t o s tate , year and  c rop  in ord e r to 
as s ign ap p licat ions  at  ind ivid ual NRI survey loca t ions  (USDA- NRCS 20 20 ). Manure  e s t imated  
from the  GBMs we re  ad jus ted  at  the  s tat e  sca le  to e nsure  that  the  am ounts  d id  not  e xc eed  
the  availab le  m anure  for ap p licat ion to  soils , i.e ., the  rate  at  e ach survey loc at ion in a  s tate  
was  ad jus ted  s light ly to e nsure  s tate  le ve l to tals  we re  the  same  as  the  amount  availab le  for 
ap p licat ion to soils  ac cord ing to US- EPA (20 24).       
 

Us ing the  U.S. GHG Inventory b ase line  for the  forward  p rojec t ion cap ture s  the  current  mixture  of 
convent iona l and  c onse rvat ion p rac t ic e s . This  ap p roach limits  ove r- e s t imat ion of SOC gains  in the  

 
5 CEAP surveys are conducted at a subsample of NRI locations and collect detailed information on farm 
management practices. 
6 OpTIS data on tillage practices provided by Regrow Agriculture, Inc. 
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low- carb on p rac t ic e  ad op t ion scenarios , which could  oc cur if we  assumed  that  a ll land s  were  und e r 
convent iona l managem ent  p rac t ic e s . 

Due  to d iffe rences  in d ata  availab ility, the  BAU b ase line  scenario for sp ring canola was  d e ve lop ed  
us ing a  d iffe rent  me thod  from that  used  for corn, soyb eans  and  sorghum. For sp ring canola, CSU 
used  exp e rt  op inion and  b es t  availab le  d a ta  to d e ve lop  managem ent  p rac t ic e s  for the  BAU b ase line . 
Fe rt ilize r inp uts  we re  d e te rmined  us ing a  yie ld - to- fe rt ilize r rat io b ased  on fie ld  t ria l d ata  from 
Montana that  had  b oth yie ld  and  fe rt ilize r ra te s . Sp ring canola yie ld  d ata  from Washington, Montana, 
Id aho and  North Dakota were  then used  to d eve lop  a  linear mixe d  e ffe c t  mod e l that  p re d ic ts  yie ld  as  
a  func t ion of mean annual p rec ip itat ion b y s tat e . CSU ap p lie d  this  mod e l to the  NRI p oints  t o 
e s t imate  yie ld s  and  d e te rmined  the  amount  of fe rt ilize r ap p lied  given the  rat io  of yie ld - to- fe rt ilize r 
rate  as  d iscussed  ab ove . Tillage  and  cove r c rop  management  for sp ring canola  were  b as ed  on USDA-
NRCS CEAP surve y d ata  (USDA- NRCS 20 18) with ad d it ional d a ta  in the  Mid we s t  from Op TIS (Hagen 
e t  a l. 20 20 ; Regrow Agriculture , Inc ). These  d ata  were  used  in a  s tat is t ic a l im p utat ion analys is  us ing 
linear m od e ling m e thod s  and  grad ient  b oos t ing to id ent ify manage ment  p rac t ice s  for NRI survey 
loca t ions . 

Crop  Rot a t ions  

To d iffe rent iate  gene ra lize d  rota t ion e ffec ts  on SOC and  N2O e miss ions , the  four b iofue l fe ed s tocks  
were  c ategorized  into e leven rotat ion typ es  b ased  on the  NRI survey (20 16 - 20 20 ) five - year c rop  
rotat ion se q uences  (Tab le  1). The  imp ac t  of low- carb on p rac t ice  ad op t ion in each rotat ion was  
s imulated  at  the  NRI surve y p oints  and  then aggrega ted  to MLRA. The  e le ven rotat ion typ es  inc lud e : 

1. Cont inuous  corn (CC) with corn in the  las t  five  years  of the  c rop p ing his tory;  
2. Cont inuous  soyb eans  (SS) with soyb eans  in the  las t  five  years  of the  c rop p ing his tory; 
3. Corn and  soyb eans  (CS) with any com b inat ion of c orn and  soyb eans  in the  las t  five  years  of 

the  c rop p ing his tory; 
4 . Corn and  hay/p as ture  (CHP) with at  le as t  one  year of corn and  two years  of hay or p as ture  

(grass , a lfalfa , e t c .) in the  las t  five  ye ars  of the  c rop p ing his tory; 
5 . Soyb eans  and  hay/p as ture  (SHP) with at  le as t  one  year of soyb eans  and  two years  of hay or 

p as ture  (grass  hay, a lfa lfa , e tc .) in the  las t  five  years  of the  c rop p ing his tory; 
6 . Corn, soyb eans  and  hay/p as ture  (CSHP) with at  le as t  one  year of soyb eans , one  year of c orn, 

and  two ye ars  of hay or p as ture  (grass  hay, a lfalfa , e tc .) in the  las t  five  years  of the  c rop p ing 
his tory; 

7. Corn and  othe r c rop s  in rotat ion (CO) with a  year or more  of c orn in the  las t  five  years  of the  
c rop p ing his tory; 

8 . Soyb eans  and  othe r c rop s  in rotat ion (SO) with a  ye ar or more  of soyb eans  in the  las t  five  
years  of the  c rop p ing his tory;   

9 . Cont inuous  Sorghum (SGSG) with sorghum in the  las t  five  years  of the  c rop p ing his tory;  
10 . Sorghum and  othe r c rop s  in rotat ion (SGO) with sorghum in at  le as t  one  of the  las t  five  ye ars  

of the  c rop p ing his tory.  
11. Sp ring canola and  othe r c rop s  in rotat ion (CaO) with canola in at  le as t  one  of the  las t  five  

years  of the  c rop p ing his tory. 
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Table  1. Crop  rotat ions  in the  analys is  whe re  c rop  abbre viat ions  are  c orn (C), s oybe ans  (S), s orghum (SG), 
Canola (Ca), hay/p as ture  (HP), and  othe r c rops  (O). 

Rot a t ion   Ab b re via t ion  

Corn- soyb eans  CS 

Cont inuous  corn CC 

Cont inuous  soyb eans  SS 

Corn and  hay/p as ture  CHP 

Soyb eans  and  hay/p as ture  SHP 

Corn- soyb eans  and  
hay/p as ture  

CSHP 

Corn and  othe r c rop s  CO 

Soyb eans  and  othe r c rop s  SO 

Cont inuous  sorghum  SGSG 

Sorghum and  othe r c rop s  SGO 

Sp ring canola and  othe r 
c rop s  

CaO 

 

Some  rotat ions  are  non- e xc lus ive , so the  sam e  NRI survey p oint  may b e  eva luated  for mult ip le  c rop  
rotat ion typ es . For e xam p le , p oints  with b oth soyb eans  and  sorghum in rotat ion are  d e fined  as  b oth 
Soyb eans - Othe r and  Sorghum- Othe r, and  that  NRI s urvey p oint  would  b e  use d  for as se ss ing 
scenario e ffe c ts  for b oth rotat ion typ es .7   

Biop hys ic a l Da t a  

Weathe r d at a: CSU rep lica ted  the  mos t  re cent  e ight  years  of weathe r d a ta  from PRISM (PRISM 
Climate  Group  20 22); this  accounts  for the  t iming of le ap  years  and  p rovid es  an offse t  with the  c rop  
rotat ion length to red uce  c rop  year inte rac t ions  tha t  could  p rod uc e  art ifac ts  in the  p rojec t ion. PRISM 
p rovid es  d aily weathe r d a ta  on a  4km grid  with d aily minimum and  maximum temp erature s , in 
ad d it ion to  d aily p rec ip ita t ion, which are  used  in the  DayCent  mod e l s imulat ions . The  t ime  sp an was  
limit ed  to 8  years  to rep re sent  rec ent  c limat ic  c ond it ions  (IPCC 20 23).  

Soils  d ata : CSU used  the  s oils  d ata  from the  US GHG Inventory. Soil p rofile s  and  assoc iate d  ed ap hic  
charac te ris t ic s  are  from the  NRCS gSSURGO d atab ase  (Soil Survey Staff 20 20 ). These  d ata  inc lud e  
b ulk d ens ity, p H, and  soil t exture , which are  nee d ed  as  inp ut  for the  DayCent  mod e l s imulat ions . 

 
7 This application is not double-counting effects, but rather assessing average impacts for individual crops 
that may be used in biofuel production. Total changes are not assessed in this analysis, such as the total 
amount of SOC stock change or total N2O emission reductions, in which double-counting would be 
problematic.    
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2.2 Sim ula t ion of Low- Ca rb on a nd  Nut rie nt  Ma na ge m e nt  
Pra c t ic e  Sc e na rios    

DayCent  was  used  to s im ulate  sc enarios  for ad op t ion of s ingle  and  s tacked  low- carb on and  nut rient  
managem ent  p rac t ice s . These  scenarios  were  s imulated  a t  the  NRI p oint  to  evaluate  the  imp ac t  of 
ad op t ing c ove r c rop s , no- t ill, red uc ed  t illage , and  nit rific at ion inhib itors . Tab le  2 lis t s  the  low- carb on 
and  nut rient  manage ment  scenarios  that  we re  mod e le d . 

Table  2. Single  p rac t ic e  s c e narios  in the  analys is  

Pra c t ic e  Typ e   Count  Sc e na rio   Ab b re via t ion   

Cove r Crop   1 Winte r rye  cove r c rop   ccR 

2 Winte r rye  cove r c rop  grazed  ccRg 

Tillage 8 3 Red uc ed  t illage   RT 

4  No- t illage  with inte rmit tent  red uc ed  t illage   NTRT 

5  No- t illage  with inte rmit tent  intens ive  t illage   NTIT  

Nutrient  
managem ent   

6  Nit rificat ion inhib itors   NI 

   

 

All s cenarios  have  the  sam e  c rop  seq uences , management  events  and  t iming, as  we ll as  weathe r and  
soils  d ata  as  the  BAU b ase line , exce p t  for sp ec ific  m anagement  inte rvent ions  d e tailed  b e low.  

Cove r Crop  Sc e na rios  (Cc R a nd  Cc Rg)   

• Cover c rop s  were  s imulat ed  as  winte r rye . 
• Cover c rop s  were  s imulat ed  e ve ry year e xc ep t  in years  that  have  small winte r grains  (e .g., 

winte r wheat ) or p e rennial hay or p as ture . 
• Cover c rop  t e rminat ion was  s imulated  as  a  che mica l/he rb ic id e  t e rminat ion without  b iomass  

rem oval and  soil d is turb ance . Tillage  te rminat ion was  eva luated  in a  p re vious  s tud y and  
re sulted  in d ec reases  or no change  in SOC s tocks  (Ogle  e t  a l., 20 23) and  thus  was  not  
inc lud ed  in this  analys is .  

• For grazed  c ove r c rop s , a  s ingle  intens ive  grazing event  was  s imulate d  one  month p rior to 
cove r c rop  te rminat ion. Grazing was  assumed  to re m ove  9 0 % of cove r c rop  b iomass . A 
frac t ion of the  carb on and  nit rogen in the  b iomass  removed  is  re turned  to the  fie ld  as  
unmanaged  manure  and  urine  ap p licat ions .     

 
8 Intensive tillage is defined as multiple tillage operations every year, including significant soil inversion (e.g., 
plowing, deep disking) and low surface residue coverage. No-till is defined as not disturbing the soil except 
through the use of fertilizer and seed drills and where no-till is applied to all crops in the rotation. The 
remainder of the cultivated area is classified as reduced tillage, including mulch tillage, strip tillage and ridge 
tillage (CTIC 2004).  
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• Plant ing and  te rminat ion d ate s  were  cons is tent  with the  U.S. GHG Inventory in which cove r 
c rop s  we re  p lante d  within a  week afte r harves t ing the  p re vious  c rop s  and  t e rm inated  within 
a  week b e fore  the  firs t  t illage  events  or p lant ing of the  next  c rop s  (U.S. EPA 20 24).  

• Cover c rop s  d id  not  re ce ive  any fe rt ilize r (U.S. EPA 2024).  
 

Tilla ge  Sc e na rios  (RT, NTRT, a nd  NTIT) 

CSU s imula ted  s cenarios  with conve rs ion to  cont inuous  red uced  t illage  (RT), no- t ill with inte rmit t ent  
red uc ed  t illage  (NTRT) and  no- t ill with inte rmit tent  intens ive  t illage 9 (NTIT) as  noted  b e low.  

• Red uc ed  t illage  (RT): All NRI surve y p oints  with intens ive  full t illage  (IT) in the  b ase line  were  
conve rte d  to RT.   

• No- t ill (NT): USDA used  farmer ad op t ion d ata  to inform p at te rns  of ad op t ion of no- t ill. Based  
on a  review of ARMS d ata, USDA d ec id ed  to mod e l no- t ill as  an inte rmit tent  p rac t ic e , 
as suming that  no- t ill farm ers  would  have  a  t illage  e vent  once  eve ry 5  years  (e .g., for wee d  
cont rol or to red uc e  soil c omp ac t ion). CSU s imulate d  two d iffe rent  inte rmit t e nt  t illage  
scenarios , one  with an inte ns ive  t illage  e vent  in the  fifth year and  one  with a  re d uced  t illage  
event  in the  fifth year (see  b e low). 

o Inte rmit tent  no- t ill with re d uced  t ill (NTRT): All NRI p oints  in the  b ase line  we re  
conve rte d  to NT with one  year of RT in the  fifth year. If the  fifth year oc curred  on a  
hay/p as ture  c rop , the  red uced  t illage  e vent  was  m oved  to the  ne xt  non- p e rennial 
c rop  in the  rota t ion.  

o Inte rmit tent  no- t ill with int ens ive  t ill (NTIT): All NRI p oints  in the  b ase line  were  
conve rte d  to NT with one  year of int ens ive  t illage  in the  fifth year. If the  fifth year 
occurred  on a  hay/p as ture  c rop , the  intens ive  t illage  event  was  move d  to the  next  
non- p e rennial (i.e ., annual) c rop  in the  rot at ion.  

• Given that  intens ive  t illage  is  com mon p rac t ice  in sorghum sys tems , CSU s imulated  
inte rmit t ent  t illage  for sorghum us ing the  NTIT scenario. For othe r c rop s  (corn, soyb eans , 
sp ring canola), CSU s imula ted  no- t ill us ing the  NTRT scenario.  

• DayCent  c las s ifie s  t illage  us ing the  soil c arb on d is turb ance  ind ex d esc rib ed  in USDA’s  
Quantifying Greenhous e  Gas  Fluxes  in Agriculture  and  Fore s try: Me thods  for Entity- Scale  
Inventory re p ort  (USDA Method s  re p ort ). The  soil c arb on d is turb anc e  ind ex as se sse s  
d is turb ance  within the  soil column  (from 0 - 30  cm) d uring d isc re te  t illage  wind ows  to 
d e te rmine  imp ac ts  on d e c omp os it ion and  soil c arb on.    
 

 
9 Farmers are incorporating occasional tillage in no-till systems to address problems with weed resistance 
(Lu et al. 2022), and possible other issues such as compaction of the soil. The specific tillage implements 
can vary so both a less intensive reduced tillage implement and more intensive full tillage implement were 
simulated to capture the variation. 
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Nit rific a t ion  Inh ib it ors  (NI) 

CSU s imula ted  ap p licat ion of nit rific at ion inhib itors  in conjunc t ion with synthe t ic  fe rt ilize r. Note  that  
the re  we re  no changes  in nut rient  manage ment  for NRI p oints  whe re  only manure  was  ap p lied . For 
NRI survey loca t ions  whe re  b oth manure  and  synthe t ic  fe rt ilize r are  ap p lied , nit rific at ion inhib itors  
were  only ap p lie d  with the  synthe t ic  fe rt ilize r. No changes  to synthe t ic  N ap p licat ion rat e s  were  
as sumed  in the  NI mod e ling scenarios . 
 

2.2.1 St a c ke d  Low- Ca rb on Pra c t ic e  Sc e na rios  

CSU e valuated  the  full s e t  of s tacked  low- c arb on p rac t ic e s  b y s imulat ing the  ad op t ion of two and  
three  low- carb on and  nut rient  manage ment  p rac t ice s  b y comb ining cove r c rop s , t illage , and  nut rient  
managem ent  op t ions . Examp les  of two s tacke d  p rac t ic e s  inc lud e  the  ad op t ion of cove r c rop s  (ccR) 
and  no- t ill with red uce d  t ill (NTRT) for the  NTRT_ cc R scenario, and  nit rificat ion inhib itors  (NI) and  
cove r c rop s  (ccR) for the  NI_ cc R scenario . Three  s t acked  p rac t ic e s  inc lud e  s cenarios  such as  
com b ining cove r c rop s , no- t ill with re d uce d  t ill, and  nit rific at ion inhib itors , as  NTRT_ NI_ c cR. The  
com p le te  lis t  of s tacked  p rac t ic e s  with two and  thre e  comb inat ions  are  lis te d  b e low. The re  a re  no 
ad d it ional as sump t ions  or mod ifica t ions  from the  s ingle  p rac t ice  d e finit ions .   

Two Prac t ice s  

1. NI_ cc R 
2. RT_ c cR 
3. NI_ cc Rg 
4 . RT_ c cRg 
5 . RT_ NI 
6 . NTRT_ c cR 
7. NTRT_ c cRg 
8 . NTRT_ NI 
9 . NTIT_ c cR 
10 . NTIT_ c cRg 
11. NTIT_ NI 

Three  Prac t ic e s 
12. RT_ NI_ c cR 

13. NTRT_ NI_ c cR 

14 . NTIT_ NI_ c cR 

15 . RT_ NI_ c cRg 

16 . NTRT_ NI_ c cRg 

17. NTIT_ NI_ c cRg 
 

 

2.3  Mod e l Out p ut s  

For each rotat ion typ e  and  scenario, mod e l outp uts  and  sup p ort ing scenario  d ata  are  aggrega ted  to 
the  MLRA leve l us ing NRI s urvey area we ights . The  NRI uses  a  comp le x we ight ing sys tem to p rod uce  
s tat is t ic ally valid  e s t imate s  of land  use  and  natural re source  cond it ions  on U.S. non- fed e ral land s . 
These  we ights  are  c ruc ia l for conve rt ing d a ta  c ollec t ed  at  sp ec ific  samp le  p oints  into regional or 
nat ional e s t im ate s . NRI- we ighted  re sult s  we re  then aggregate d  to  the  Major Land  Resourc e  Area 
(MLRA) le ve l to maintain regional variab ility and  s ta t is t ic al re le vanc e  while  a lso  ad he ring to d ata  
d isc losure  re s t ric t ions . Outp uts  are  aggregated  b y rotat ion (ac ross  all ye ars ) for the  imp ac t  on SOC. 
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For N2O, the  outp uts  are  aggregate d  b y c rop  typ e  within each of the  rotat ions  (ac ross  years  with the  
c rop  of inte re s t ) for each scenario. The  rep orted  outp uts  inc lud e :  

1) Ac ross  all rotat ions  b y MLRA: 

• Perc entage  of the  area of each c rop  rotat ion re lat ive  to the  tot al s imulate d  area in each 
MLRA 

2) Within each rota t ion b y MLRA and  s cenario:  

• Average  annual are a p rop ort ion of the  c rop  and  any "Othe r" c rop /s ilage   
• Average  annual are a p rop ort ion with a  c ove r c rop  in any year  
• Average  annual d e lta  SOC  
• Average  annual are a p rop ort ion of full t illage  (IT)  
• Average  annual are a p rop ort ion of red uce d  t illage  (RT)  
• Average  annual are a p rop ort ion of no- t illage  (NT) 

   
3) Within each rotat ion and  c rop  b y MLRA and  sc enario:  

• Average  annual C in grain (yie ld ) in gC/m 2   
• Average  annual ab oveground  b iomass  in gC/m 2  
• Average  annual b e lowground  b iomass  in gC/m 2  
• Average  annual to tal b iom ass  in gC/m 2     
• The  p rop ort ion of the  tota l nit rogen availab le  ap p lie d  as  fe rt ilize r     
• The  p rop ort ion of the  c rop 's  tota l b iomass  to the  rotat ion's  tota l b iomass   
• Average  annual to tal nit rogen sources  in g N/m 2    
• Average  annual to tal N fe rt ilize r in gN/m 2     
• Average  annual lit te r N in gN/m 2     
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3  De ve lop ing SOC, N2O a nd  CO2 Im p a c t  Fa c t ors  for Us e  in  
USDA FD- CIC 

USDA d eve lop e d  region-  and  c rop - sp ec ific  SOC, N2O and  CO2 im p ac t  fac tors  b ased  on the  DayCent  
mod e ling re sult s  (See  Sec t ion 2). The  sec t ions  b e low d esc rib e  the  me thod s  used  to e s t imate  the  
following im p ac t  fac tors  which are  sub seq uent ly used  to e s t imate  the  fe ed s tock CI in the  USDA FD-
CIC tool: 
 

1. Soil c arb on emiss ions  and  rem ovals  und e r low- carb on p rac t ice  s cenarios ;  

2. Imp lied  e miss ions  fac tors  for d ire c t  and  ind irec t  N2O emiss ions  from fe rt ilize r and  manure  
ap p licat ions ; 

3. Nitrogen Use  Effic ienc y (NUE) ad jus tment  fac tor; 

4 . Imp ac t  of nit rific at ion inhib itors  on N2O emiss ions  from synthe t ic  fe rt ilize r; 

5 . Imp ac ts  of low- carb on p rac t ic e  scenarios  to d irec t  and  ind irec t  N2O e miss ions ; 

6 . Imp ac t  of low- carb on p rac t ic e s  on on- farm fue l use  emiss ions ; 

The  ab ove  emiss ions  values  and  imp ac t  fac tors  are  used  to e s t imate  CI score  calculat ions  in USDA 
FD- CIC. Emiss ions  values  and  imp ac t  fac tors  ut ilize  IPCC 10 0 - year AR5 glob a l warming p otent ial 
(GWP) values  in the  curre nt  ve rs ion of the  tool. The  sec t ions  b e low d e tail the  me thod s  for d e riving 
these  va lues  and  e miss ions  fac tors . Please  re fe r to Sec t ion 4  of this  d ocument  for more  informat ion 
on how the  emiss ions  values  and  fac tors  d eve lop e d  in this  sec t ion are  used  in the  tool t o e s t im ate  
the  CI score .  

3 .1 SOC Im p a c t s  of Fe e d s t oc k Prod uc t ion  Und e r Low- Ca rb on 
Pra c t ic e  Sc e na rios  

USDA used  the  DayCent  mod e l outp uts  to e s t imate  the  fee d s tock and  MLRA- sp ec ific  changes  in 
SOC e miss ions  and  removals  re sult ing from ad op t ing one , two or thre e  low- carb on p rac t ic e s  
com p are d  to  the  BAU b ase line .  

DayCent  outp uts  for changes  in SOC are  e s t imated  as  annual SOC changes  for an ent ire  c rop  
rotat ion (se e  Tab le  1 in Se c t ion 2.1.1 for the  com p le te  lis t  c rop  rotat ions  that  we re  s imulat ed ). Given 
that  USDA FD- CIC CI score s  are  fe ed s tock sp e c ific , it  was  necessary t o e s t im ate  the  p ort ion of SOC 
that  could  b e  at t rib uted  to a  sp ec ific  b iofue l fee d s tock. To d o this , USDA assumed  that  SOC 
cont rib ut ion is  p rop ort ional to the  c rop  b iom ass—m eaning feed s tock c rop s  with greate r ab ove -  and  
b e low- ground  c rop  re s id ue  cont rib ute  more  to annual SOC changes  than those  with lowe r b iomass . 
We  chose  to e s t imate  change  in SOC (d SOC) us ing the  b iomass  we ight ing me thod  ac ross  the  
rotat ion b ecause  looking a t  changes  in SOC on an annual b as is  is  p rob lemat ic  given that  SOC is  not  
jus t  imp ac ted  b y what  is  hap p ening in a  given growing season. By us ing the  b iomass  we ight ing 
me thod  we  are  b e t t e r ab le  to cap ture  rotat ional e ffec ts  on d SOC. 

This  allocat ion p rocess  p rod uce d  fee d s tock- sp e c ific  d SOC values  b y c rop  and  MLRA for e ach 
mod e led  low- carb on p rac t ice : re d uce d  t illage , no- t ill, cove r c rop s , nit rific at ion inhib itors , and  grazed  
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cove r c rop s . These  c rop - sp ec ific  d SOC values  we re  then normalize d  b y yie ld  to ca lcula te  annual 
d SOC p e r b ushe l of feed s tock for each p rac t ic e  and  MLRA comb inat ion. 

To d e te rmine  the  SOC change  from ad op t ion of low- carb on p rac t ice s , the  c rop -  and  p rac t ic e -
sp ec ific  d SOC were  c om p ared  to those  of the  BAU b ase line . Sp e c ifically, the  d SOC values  are  
exp re ssed  in grams  of CO₂e  p e r b ushe l (gCO2e /b u) and  were  e s t imated  b y sub t rac t ing the  MLRA-  
c rop -  and  p rac t ic e - sp ec ific  d SOC from the  c orre sp ond ing BAU b ase line  d SOC.  

See  Ap p end ix C for more  d e tails  on the  m e thod ologie s  used  to c onve rt  DayCe nt  SOC re sult s  into 
MLRA- , fee d s tock-  and  p rac t ic e - sp ec ific  annualized  p e r- b ushe l imp ac t  va lues . 

In ad d it ion to the  p revious ly d esc rib ed  conve rs ions , USDA a lso c ond uc ted  out lie r analyses  on the  
MLRA and  c rop - sp ec ific  d SOC values  d e rive d  from DayCent . To ensure  d ata  q uality, USDA re moved  
any ins tances  of out lying d ata  and  d eve lop e d  p roxie s  for MLRAs with rep orte d  feed s tock p rod uc t ion 
where  b iogeoche mic al mod e ling d a ta  were  not  availab le . For m ore  d e tails  on the  out lie r analys is , 
p lease  see  Ap p end ix F. 

3 .2 Im p lie d  Em is s ions  Fa c t ors  for Dire c t  a nd  Ind ire c t  N2O 
Em is s ions  from  Fe rt ilize r a nd  Ma nure  Ap p lic a t ions  a nd  Crop  
Re s id ue s    

Total N2O emiss ions  from fe rt ilize r, manure , and  c rop  re s id ues  are  ca lcula ted  as  the  sum of d ire c t  
N2O emiss ions  and  ind irec t  N2O e miss ions . Direc t  N₂O emiss ions  are  d ire c t ly re lease d  ons ite  from 
soils  as  a  re sult  of nit roge n inp uts  (synthe t ic  fe rt ilize r, manure , c rop  re s id ues ) and  manage ment  
p rac t ice s . Ind ire c t  N₂O e m iss ions  re sult  from nit roge n that  is  los t  from the  fie ld  via  volat ilizat ion or 
le aching and  sub seq uent ly conve rt ed  to N₂O e ls ewhere  in the  environment . Direc t  and  ind irec t  N₂O 
emiss ions  from synthe t ic  fe rt ilize r and  manure  ap p lic at ion are  e s t imated  us ing MLRA- sp e c ific  
imp lied  e miss ions  fac tors  (IEFs) d e rive d  from DayCe nt  s imulat ions . As  d es c rib ed  in Se c t ion 2 ab ove , 
DayCent  s imula ted  BAU and  low- carb on p rac t ice  sc enarios  for each of the  four b iofue l fe ed s tock 
c rop s . Mod e led  nit rogen inp ut  and  N2O e miss ion values  were  used  to d e ve lop  IEFs  for e ach BAU 
b ase line  sc enario for each feed s tock. IEFs  re p re sent  the  amount  of d ire c t  and  ind irec t  N2O e miss ions  
p e r unit  of mine ral N ad d it ion to the  soil. The  nit roge n inp uts  in the  DayCent  m od e l s imulat ions  
inc lud e  synthe t ic  N fe rt ilizat ion; mine ralizat ion of N from soil organic  mat te r, c rop  re s id ue  and  
manure  ap p lica t ion, and  asymb iot ic  N fixat ion.   

The  N₂O IEFs  we re  calcula ted  at  the  MLRA le ve l for e ach c rop  us ing the  NRI are a- we ighted  annual 
ave rage  e miss ions , d ivid e d  b y the  NRI area- we ighte d  annual ave rage  of mine ral nit rogen inp uts . This  
me thod  p rod uce d  uniq ue  d irec t  and  ind ire c t  N₂O IEFs  b y c rop  and  MLRA.  

While  inp uts  of nit rogen from manure  and  re s id ues  are  not  fully mine ralize d  in the  firs t  year of 
ap p licat ion, va lid at ion runs  p e rformed  b y sub s t itut ing ap p lie d  synthe t ic  N with manure  N in 
s imulated  scenarios  found  no s ignificant  d iffe rences  in N2O emiss ions  when e s t imate s  of emiss ions  
were  annualized  ove r the  30 - year s imulat ion p e riod . The  re sult ing IEFs  we re  the re fore  used  to 
rep re sent  the  ra te  of N₂O emiss ions  p e r unit  of nit rogen ap p lied  to the  soil from synthe t ic  fe rt ilize r 
and  manure  ap p licat ion. 
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To ensure  that  a ll c ount ie s  whe re  fee d s tock c rop s  are  grown are  ab le  to  use  the  USDA FD- CIC tool, 
USDA d eve lop e d  p roxie s  for MLRAs with rep orte d  fe ed s tock p rod uc t ion where  b iogeochemical 
mod e ling d ata  were  not  availab le . For m ore  d e tails  on how p roxie s  were  d e ve lop ed , p lease  se e  
Ap p end ix F. 

 

3 .2.1 Aligning t he  Sim ula t e d  IEFs  wit h  t he  Es t im a t e d  Na t iona l Ave ra ge  N2O 
Em is s ions  Fa c t ors  

The  e s t imate d  nat ional ave rage  CIs  for fee d s tocks  a re  gene rate d  us ing fixed  nat ional ave rage  
emiss ions  fac tors  for d ire c t  and  ind ire c t  N2O e miss ions . To ensure  cons is tenc y b e tween USDA FD-
CIC es t imate s  of “ave rage ” N2O emiss ions  for c rop  p rod uc t ion and  the  e s t imated  nat ional ave rage  
N2O emiss ions , it  was  nec essary to shift  the  d is t rib ut ion of IEFs  gene rate d  b y DayCent  so that  
regional variat ion is  m aintained , b ut   the  nat iona l ac reage - we ighte d  m ean IEF for tota l N2O emiss ions  
(i.e . the  sum of  the  d irec t  IEF and  the  ind irec t  IEFs) a ligns  with the  total e miss ions  fac tors  used  to  
gene rate  the  e s t imated  na t ional ave rage  e miss ions  (see  Tab le  4). To align the  CSU- gene ra ted  
d is t rib ut ions  ac ross  regions  with the  e s t imate d  nat ional ave rage  emiss ions  fac tors , an ac reage -
we ighted  m ean IEF is  calc ulated  for each c rop  us ing the  MLRA- sp ec ific  IEFs  c alcula ted  for the  BAU 
b ase line  sc enario and  the  c rop  ac reage  within each MLRA. The  d is t rib ut ions  of d irec t  and  ind ire c t  
IEFs  are  then shifted , b y c rop , us ing a  mult ip licat ive  ad jus tment  fac tor to ensure  that  the  revise d  
ac reage - we ighted  mean for the  tota l IEF (i.e ., the  sum of the  d ire c t  IEF and  the  ind irec t  IEFs) eq uals  
the  e s t imated  nat ional ave rage  emiss ions  fac tor for tota l N2O emiss ions  (.0 1374). The  fac tors  used  to 
ad jus t  the  d irec t  and  ind irec t  IEFs  b y c rop  are  shown in Tab le  5 . 

Tab le  4 . Es t imate d  National Ave rage  N2O Emis s ion Fac tors  

 
 
 
 
  
 

Tab le  5 . Ad jus tme nt Fac tors  for N2O Emis s ions  by Crop  Typ e  

Crop  Ac re a ge - we igh t e d  m e a n  IEF for 
t o t a l N2O e m is s ions  (i.e ., s um  of 
t he  d ire c t  IEF a nd  ind ire c t  IEF) 
b e fore  a d jus t m e nt  (e xp re s s e d  a s  
%) 

Ad jus t m e nt  fa c t or a p p lie d  t o  Da yCe nt  
e s t im a t e s  of d ire c t  IEF a nd  ind ire c t  IEF 
for e a c h  re gion  

Sp ring 
canola   

2.0 46 9  0 .6 713 

Corn  2.0 542 0 .6 6 89  

Sorghum  1.9 20 0  0 .7156  

Soyb eans  2.46 36  0 .5577 

Es t im a t e d  na t iona l a ve ra ge  N2O e m is s ion  fa c t ors , a p p lie d  N 
 (g N2O- N/ g N a p p lie d ) 

Direc t  0 .0 1 (1%) 
Ind irec t  0 .0 0 374 (.374%) 
Tot a l 0 .0 1374  (1.374  %) 
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Figure s  1 and  2 b e low rep re sent  the  ad jus ted  total IEFs  (i.e ., the  sum of the  d ire c t  and  ind ire c t  IEFs) 
from c orn p rod uc t ion and  soyb ean p rod uc t ion b y re gion, exp re ssed  as  p e rc ent  of ap p lied  N re leased  
as  N2O- N.  

 
Figure  1: Total N2O e mis s ions  fac tors  from c orn p rod uc tion. Units  are  in (g N2O - N/g N ap p lie d ) and  re pres e nt  
the  p e rc e nt  of ap p lied  N that  is  re le as ed  as  N2O- N. 

 
Figure  2: Total N2O e mis s ions  fac tors  from s oybe an p rod uc tion. Units  are  in (g N2O - N/g N ap p lie d ) and  
re pre se nt  the  pe rce nt  of ap p lie d  N that  is  re le ase d  as  N2O - N. 
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3 .3  Nit roge n Us e  Effic ie nc y (NUE) Ad jus t m e nt  Fa c t or  

In ad d it ion to the  d iffe rences  b e tween e miss ions  fac tors  used  in the  e s t imate d  nat ional ave rage  and  
those  used  in USDA FD- CIC, as  d esc rib ed  ab ove , the re  are  also d iffe renc es  b e tween the  as sumed  
ave rage  yie ld  and  N ap p lic at ion e s t imated  b y the  e s t imate d  nat ional ave rage  and  the  s imulat ed  
ave rage  yie ld  and  N ap p lic at ions  d e rived  from DayCent . Such d iffe rences  gene rate  a  misalignment  
b e twe en the  two ab out  what  cons t itute s  the  “ave rage” ap p lied  N/b ushe l (or NUE) p e r c rop , and  
ab out  the  re sult ing ave rage  N2O e miss ions  from ap p lied  N p e r b ushe l. Given the  need  for alignment  
with the  e s t imated  nat ional ave rage , for each c rop  USDA d e ve lop ed  an NUE Normalizat ion Fac tor 
(NNF) to acc ount  for d iffe rences  b e tween the  NUE assump t ions  und e rlying the  e s t imated  nat ional 
ave rage  and  the  imp lied  NUE va lues  in the  DayCent - mod e led  BAU b ase line . For ins tance , the  
e s t imated  nat iona l ave rage  assumes  a  nat ional ave rage  N ap p licat ion on corn of 155 .7  lb s  N/ac re  and  
an assumed  ave rage  corn yie ld  of 186  b ushe ls /ac re . The  re sult ing NUE used  to d eve lop  the  e s t imated  
nat ional ave rage  fe ed s toc k CI va lue  for corn is  0 .84 lb  N ap p lied /b ushe l c orn.   

The  d e fault  N2O emiss ions  values  as soc iat ed  with the  e s t imated  nat ional ave rage  NUE for corn are  
p re sente d  in Tab le  6 . 

Tab le  6 . Es t imate d  National Ave rage  N2O Emis s ions  As soc iate d  with Es t imate d  National Ave rage  NUE for Corn 

N2O Sourc e  De fa u lt  N2O Em is s ions  (g CO2e / b u) 
Direc t  N2O 2171 
Ind irec t  N2O 747 

 
Acc ord ing to  the  lite ra ture  and  me e t ings  with re searche rs  and  s takehold e r group s , an NUE of 0 .84 lb  
N ap p lied /b ushe l corn is  like ly an und e re s t imate  of t he  t rue  ave rage  NUE assoc iated  with corn 
p rod uc t ion. An asse ssment  of the  DayCent  s imula t ion inp uts  and  outp uts  sugges ts  a  nat ional 
ave rage  NUE assoc iat ed  with current  yie ld s  and  management  p rac t ic e s  of 0 .9 8  lb  N ap p lied /b ushe l 
corn.  

Acc ord ingly, USDA uses  an NUE va lue  of 0 .9 8  lb . N ap p lie d /b ushe l of c orn to rep re sent  the  NUE 
e ffic iency le ve l for c orn that  is  as soc iated  with “ave rage” nat ional BAU emiss ions  for corn. To 
normalize  N2O e miss ion e s t imate s  from fe rt ilize r ap p licat ions  in USDA FD- CIC, USDA d eve lop e d  a 
NUE Normalizat ion Fac tor (NNF) that  ensure s  that , when us ing the  e s t imated  nat ional ave rage  N2O 
emiss ions  fac tors , USDA FD- CIC use rs  with a  use r- d e fined  NUE va lue  of 0 .9 8  lb . N ap p lied /b ushe l of 
corn re ce ive  the  d e fault  N2O emiss ions  leve ls  shown ab ove  in Tab le  6 . The  NNF, is  eq ual to (d e fault  
NUE/USDA FD- CIC Threshold  NUE) = 0 .8 4/0 .9 8= 0 .86  and  is  used  at  se ve ra l p oints  in the  USDA FD-
CIC emiss ions  calculat ions  to align assump t ions  of “ave rage” or b ase line  nit rogen manage ment  with 
the  e s t imated  nat ional ave rage  emiss ions . Similar ad jus tments  are  mad e  for t he  othe r c rop s , us ing 
c rop - sp ec ific  BAU NUE values  aris ing from the  DayCent  s imulat ions  (see  Tab le  7). 
 



18 
 

Table  7. DayCe nt Simulat ion BAU NUE Value s  by Crop  Type  

Crop  Thre s hold  BAU NUE* 
(lb  N ap p lied /b ushe l) 

Na t iona l De fa u lt  NUE 
(lb  N ap p lied /b ushe l) 

NUE Norm a liza t ion  Fa c t or 

Corn 0 .9 774  0 .8370  =0 .8370 /0 .9 774= 0 .856 3 
Soyb ean 0 .0 9 88  0 .110 1 =0 .110 1/0 .0 9 88= 1.114  
Sorghum  1.1585  .9 9 13 =.9 9 13/1.1585= 0 .8557 
Sp ring canola  2.8424 2.5819  =2.5819 /2.8424=.9 0 84  

*Thre shold  BAU NUE value s  are  d e rive d  us ing DayCe nt  N inp uts  and  DayCe nt  yie lds  from the  BAU sce nario. 

3 .4  Im p a c t  of Nit rific a t ion  Inhib it ors  on  N₂O Em is s ions  from  
Fe rt ilize r 

The  emiss ions  red uc t ion fac tors  for Nit rific at ion Inhib itors  (EEFRFNI) vary b y c rop , MLRA, and  p rac t ice . 
These  fac tors  are  ca lcula t ed  from the  DayCent  s imulat ion re sult s  for nit rificat ion inhib itor scenarios  
d esc rib ed  in Se c t ion 2. The  EEFRF fac tor rep re sents  the  p e rcent  red uc t ion in N2O emiss ions  when 
nit rificat ion inhib itors  are  ap p lied  when comp ared  to a  comp arab le  sc enario that  use s  no nit rificat ion 
inhib itors . For examp le , a  nit rific at ion inhib itor re d uc t ion va lue  is  ca lcula ted  b y comp aring the  
p e rc ent  N2O red uc t ion b e tween the  ccR_ NTRT sc enario and  the  cc R_ NTRT_ NI scenario. The  
nit rificat ion inhib itor re d uc t ion fac tors  are  d e rive d  for each comb inat ion of low- carb on p rac t ice  
imp lem entat ion, c rop , and  MLRA. Be cause  the  DayCent  s imulat ions  as sume  that  nit rific at ion 
inhib itors  we re  used  with 10 0 % of ap p lied  synthe t ic  N, the  USDA FD- CIC tool s cale s  the  EEFRF fac tor 
p rop ort iona lly ac cord ing to the  use r- d e fined  p e rcentage  of synthe t ic  fe rt ilize r ap p lied  with 
nit rificat ion inhib itors  (see  Sec t ion 4 .3.1 for more  d e tails ).   

3 .5  Im p a c t s  of Low- Ca rb on Pra c t ic e s  on  N2O Em is s ions  

USDA es t imated  the  change  in N2O e miss ions  re lat ive  to the  BAU b ase line  from ad op t ing one , two or 
three  low- carb on p rac t ice s  us ing outp uts  from the  DayCent  m od e l for each feed s tock and  MLRA. 
DayCent  m od e ls  changes  in total sys t em N (inc lud ing the  ind ivid ual N p ools  of lit te r, fe rt ilize r, 
manure , othe r N) for each feed s tock c rop  und e r d iffe rent  c rop  rota t ions  and  low- carb on p rac t ice s . 
This  change  in total sys te m N b e twe en the  BAU b ase line  and  the  low- c arb on scenarios  was  used  to 
e s t imate  a  p e rc ent  change  in d ire c t  and  ind ire c t  N2O emiss ions  at t rib utab le  to the  ad op t ion of low-
carb on p rac t ice s  for each MLRA, c rop  and  p rac t ic e  ad op t ion sc enario. Within the  USDA FD- CIC tool, 
the  p e rcent  change  in N2O emiss ions  from ad op t ion of low- carb on p rac t ice s  is  ap p lied  to the  d ire c t  
and  ind irec t  N2O e miss ions  calculate d  from N ad d it ions , re s id ues , and  nit rific at ion inhib itors  (p le ase  
see  Se c t ion 4 .4). See  Ap p end ix D for more  d e tails  on the  me thod ologie s  used  to c onve rt  DayCent  
N2O re sult s  into MLRA- , fe ed s tock-  and  p rac t ic e - sp ec ific  annualized  p e r- b ushe l imp ac t  values . 

USDA cond uc ted  out lie r analyses  on the  MLRA and  c rop - sp ec ific  N2O va lues  d e rived  from DayCent . 
To ensure  d ata  q ua lity, USDA re moved  any ins tanc e s  of out lying d ata  and  d e ve lop ed  p roxie s  for 
MLRAs with re p ort ed  fe ed s tock p rod uc t ion where  b iogeochemical mod e ling d ata  were  not  availab le . 
For more  d e tails  on the  out lie r analys is , p lease  see  Ap p end ix F. 
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3.6  Im p a c t  of Low- Ca rb on Pra c t ic e s  on On- Fa rm  Fue l Use  
Em is s ions  

Prod uc ing b iofue ls  feed s tock c rop s  typ ica lly req uire s  mult ip le  fie ld  p asse s  us ing d iffe rent  typ es  of 
eq uip m ent . For e xamp le , t illage , p lant ing, fe rt ilizat ion, p e s t ic id e  ap p licat ion and  harves t ing req uire  
one  (or more ) fie ld  p asse s  us ing d iffe rent  typ es  of e q uip ment  d ep end ing on the  loc al cond it ions  and  
managem ent  p rac t ice s  used  (e .g., t illage  p e rform ed  us ing mold b oard  flowing vs . chise l p lowing vs . 
tand em d isking or fe rt ilize r ap p lied  us ing knife  vs . sp ray ap p lic at ion). Ad op t ion of conse rvat ion 
p rac t ice s  c an imp ac t  b oth the  numb er of fie ld  p asse s  and  the  e q uip ment  use d , d ep end ing on the  
p rac t ice (s ) ad op ted . In this  s tep , USDA es t im ate d  the  change  in fue l use  b e tween the  BAU b ase line  
and  the  manage ment  p rac t ice . The  p e rcent  change  is  ap p lie d  to the  d e fault  fue l use  va lues  in the  
USDA FD- CIC tool to e s t imate  carb on e miss ions  p e r b ushe l. 

Fue l use  for the  following ac t ivit ie s  was  e s t imated  to d e ve lop  b oth b ase line  fue l use  imp ac ts  and  
changes  in fue l imp ac ts  for conse rvat ion p rac t ice  ad op t ion for corn, soy, and  s orghum feed s tock 
p rod uc t ion:   

• Tillage  (inc lud ing convent ional, red uced , 
and  no- t ill) 

• Plant ing 

• Fert ilize r ap p licat ion 

• Pes t ic id e  ap p lica t ion 

• Cover c rop  p lant ing  

• Cover c rop  t e rminat ion 

• Harves t ing 

The  following va lues  were  used  to e s t imate  the  c rop - sp ec ific  fue l use  for b ase line  and  c onse rvat ion 
p rac t ice  ad op t ion scenarios . 

Tab le  3. Fue l us e  value s  in gallons  of d ie s e l p e r ac re  by c rop  and  manage me nt p rac t ic e . 

Ac t ivit y  Corn  
(ga l/ a c re ) 

Soyb e a ns (
ga l/ a c re ) 

Sorghum  
(ga l/ a c re ) 

Ca nola  
(ga l/ a c re ) 

Re fe re nc e  

Tillage  and  
Plant ing: 
convent ion
al t ill 

5 .4  5 .4  5 .4  5 .4  CEAP 

Tillage  and  
Plant ing: 
red uc ed  t ill 

3.1 3.1 3.1 3.1 CEAP 

Tillage  and  
Plant ing: 
no- t ill 

1.8  1.8  1.8  1.8  CEAP 

Fe rt ilize r 
ap p licat ion
10  

0 .47 0 .44  0 .44  0 .44  Average  fue l use  b ased  
on mult ip le  sources   

 
10 Fuel use for fertilizer application assumes a single field pass for soybeans, sorghum and canola. Corn is 
assumed to have some split application in the baseline and is thus assigned an average of 1.068 field passes. 
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Ac t ivit y  Corn  
(ga l/ a c re ) 

Soyb e a ns (
ga l/ a c re ) 

Sorghum  
(ga l/ a c re ) 

Ca nola  
(ga l/ a c re ) 

Re fe re nc e  

Pes t ic id e  
fue l use  

0 .3 0 .3 0 .3 0 .3 Ave rage  fue l use  b ased  
on mult ip le  sources— 
Jones , J ., and  J .K. 
O’Hara (Ed s ), (20 23) 

Harves t ing 
(com b ine ) 

1.45  1 1.23 11 1.24 Corn, Soyb eans , and  
Sorghum-  Hanna 
(20 0 5) 
Sp ring canola –  Beat t ie  
(20 20 ) 

Cove r c rop  
p lant ing 

0 .6 2 0 .6 2 0 .6 2 0 .6 2 Average  fue l use  b ased  
on mult ip le  sources— 
Jones , J ., and  J .K. 
O’Hara (Ed s ), (20 23) 

Cove r c rop  
te rminat ion 
(chemical) 

0 .3 0 .3 0 .3 0 .3 Ave rage  fue l use  b ased  
on mult ip le  sources— 
Jones , J ., and  J .K. 
O’Hara (Ed s ), (20 23) 

 

The  total fue l use  (gal/ac re ) was  calculat ed  for each p rac t ice  us ing the  fue l us e  e s t imate s  in Tab le  8  
as  we ll as  DayCent  mod e ling outp uts  for ad op t ion ra te s  of p rac t ic e s . The  change  in fue l use  from 
p rac t ice  ad op t ion was  e s t imate d  b y ca lcula t ing a  p e rcent  change  from  the  BAU b ase line . Ad d it iona l 
d e tails  ab out  the  ca lcula t ion s tep s  used  to gene rat e  the  e s t imate s  for change  in fue l use  are  in 
Ap p end ix E: Me thod s  for Es t imat ing Change  in Fue l Use . 
 

  

 
11 As no specific values were found for the fuel-use requirements for sorghum combine harvesting, the 
average of corn and soy combine harvesting was used. 
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4  Me t hod s  for Ca lc ula t ing t he  Fe e d s t oc k CI in  USDA FD- CIC 

The  CI score  ca lcula ted  in the  USDA FD- CIC tool varie s  b ased  on use r locat ion (s tate  and  c ounty), 
c rop  (corn, soyb eans , sorghum or sp ring canola), yie ld , nut rient  manage ment  on the  fie ld  (e .g., inp uts  
of synthe t ic  nit rogen and  manure  ap p lica t ion, use  of nit rific at ion inhib itors ), and  ad op t ion of low-
carb on p rac t ice s  (red uc e d  t ill, no- t ill, cove r c rop s , grazed  c ove r c rop s ). This  sec t ion d esc rib es  how 
the  values  and  emiss ions  fac tors  d esc rib ed  in Sec t ion 3 are  used  in FD- CIC to e s t imate  a  fie ld -
sp ec ific  CI b ased  on use r inp uts . Tab le  9  d es c rib es  the  e le ments  inc lud ed  in the  CI score . The  final CI 
score  is  the  sum of the  e s t imated  CO2e  imp ac t  of e ach of the se  e le ments .  

In ord e r to p rovid e  re sult s  a t  a  county s cale , the  CI imp ac t  fac tors  which were  calculat ed  b y MLRA in 
Sec t ion 3 were  map p ed  to  each c ounty in the  Unit ed  State s  us ing a  c rosswalk p rovid ed  b y CSU. A 
rep re sentat ive  MLRA was  ass igned  to each county b ased  on the  MLRA that  cove rs  the  larges t  share  
of the  county’s  area. This  map p ing enab le s  the  USDA FD- CIC tool to ut ilize  s t ate  and  county d rop -
d own menus  for use rs . 

Tab le  4 . Ele me nts  of Carbon Inte ns ity 

CI Ele m e nt  Com p one nt s  of CI 
Ele m e nt  

De s c rip t ion  of Re la t e d  
Im p a c t  Fa c t or 

Ap p lic a t ion  in  USDA 
FD- CIC 

Soil Organic  
Carb on Change  

Soil c arb on changes  
(d SOC/b u) re sult ing from 
ad op t ion of low- carb on 
p rac t ice s  (Sec t ion 4 .1) 

DayCent  m od e l runs  
used  to d e rive  
d SOC/b u re lat ive  to  
BAU. 

SOC value  as s igned  
b ased  on use r se le c t ion 
of c rop , locat ion and  
low- carb on p rac t ic e s  
(cove r c rop s  & t illage ). 

   

Total N2O 
emiss ions  

Sum of d irec t  and  
ind irec t  N2O e miss ions  
from fe rt ilize r, b iomass  
re s id ue , and  manure  
ap p licat ions  (sec t ion 4 .3) 

Direc t  and  Ind ire c t  
imp lied  e miss ions  
fac tors  (IEFs) are  
d e rived  from DayCent  
mod e l runs  and  used  
to ca lculate  N2O 
emiss ions  p e r lb  N 
ap p lied . Nit rificat ion 
emiss ions  red uc t ion 
fac tors  (EEFRF) are  
also d e rive d  from 
DayCent  m od e l runs . 

Direc t  and  ind irec t  IEFs  
are  se lec ted  b ased  on 
c rop  and  locat ion and  
ap p lied  to to tal N from 
synthe t ic  N, re s id ue  N, 
and  manure  N. If use r 
ind icate s  use  of a  
nit rific at ion inhib itor, the  
d irec t  and  ind ire c t  
emiss ions  from 
synthe t ic  fe rt ilize r are  
red uc ed  b ase d  on use r-
d e fined  p e rc ent  ap p lie d . 
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CI Ele m e nt  Com p one nt s  of CI 
Ele m e nt  

De s c rip t ion  of Re la t e d  
Im p a c t  Fa c t or 

Ap p lic a t ion  in  USDA 
FD- CIC 

Change  in d irec t  and  
ind irec t  N2O e miss ions  
from soils  re sult ing from  
ad op t ion of low- carb on 
p rac t ice s  (Sec t ion 4 .4) 

DayCent  m od e l runs  
used  to d e rive  the  
p e rc ent  change  in N2O 
re la t ive  to BAU for low-
carb on low- carb on 
p rac t ice s .   

N2O p e rcent  change  
value  se le c te d  b ase d  on 
use r- sp ec ified  c rop , 
loca t ion, and   low-
carb on p rac t ice s . 
Pe rc ent  change  is  
ap p lied  to e miss ions  
e s t imate s  gene rat ed  
us ing IEFs  (see  ab ove ).  

On- Farm ene rgy 
consump t ion 

On- Farm ene rgy 
consump t ion (Sec t ion 
4 .5 ) 

Calcula ted  % red uc ed  
fue l use  informed  b y 
low- carb on p rac t ic e  
scenario as sump t ions  
and  ap p lied  to 
e s t imated  nat iona l 
ave rage . 

Fue l use  fac tor (%) 
se lec ted  b ased  on use r-
sp ec ified  c rop , locat ion, 
and  low- carb on 
p rac t ice s . Fac tor is  
ap p lied  to the  e s t imated  
nat ional ave rage  fue l use  
to ad jus t  for fue l use  
changes  from low-
carb on p rac t ice s . 

Up s t ream 
nit rogen fe rt ilize r 
emiss ions  

Up s t ream fe rt ilize r 
emiss ions  (Sec t ion 4 .6 ) 

Es t imate d  nat ional 
ave rage  va lues  for 
up s t ream fe rt ilize r 
emiss ions  are  used . 

Es t imate d  nat ional 
ave rage  va lue  is  
ad jus ted  b as ed  on 
d is tance  of use r- d e fined  
synthe t ic  fe rt ilize r 
ad d it ions  and  yie ld  
(NUE) from thre shold  
ave rage  NUE va lue . 

Up s t ream 
emiss ions  from 
othe r on- farm 
chemical use  

Up s t ream emiss ions  from 
othe r on- farm che mica l 
use  (Sec t ion 4 .7) 

The  e s t imate d  nat ional 
ave rage  va lue  for 
up s t ream emiss ions  
from othe r chemicals  
is  used . 

The  e s t imate d  nat ional 
ave rage  va lue  for 
up s t ream emiss ions  
from othe r chemicals  
d oes  not  vary b ased  on 
use r se le c t ions . 

CO2 emiss ions  
from urea and  
lime  

CO2 emiss ions  from urea  
(Sec t ion 4 .8 ) 

Es t imate d  nat ional 
ave rage  va lue  for CO2 
emiss ions  from urea is  
used .  

Es t imate d  nat ional 
ave rage  va lues  for CO2 
emiss ions  from urea a re  
ad jus ted  b as ed  on 
d is tance  of use r- d e fined  
synthe t ic  fe rt ilize r 
ad d it ions  and  yie ld  



23 
 

CI Ele m e nt  Com p one nt s  of CI 
Ele m e nt  

De s c rip t ion  of Re la t e d  
Im p a c t  Fa c t or 

Ap p lic a t ion  in  USDA 
FD- CIC 

(NUE) from thre shold  
ave rage  NUE va lue . 

CO2 emiss ions  from Lim e  
(Sec t ion 4 .9 ) 

Es t imate d  nat ional 
ave rage  va lue  for CO2 

emiss ions  from Lim e  is  
used . 

Es t imate d  nat ional 
ave rage  CO2 e miss ions  
from lime  are  used  and  
d o not  vary b ased  on 
use r se le c t ions . 

 

Tab le  10 . Es t imate d  nat ional ave rage  e mis s ions  e s t imate s  by CI e le me nt  

Carbon Intensity Element Corn Soybeans Sorghum Canola 
Emissions from manufacture and transportation 

of N fertilizer 1280 168 1516 3103 
Soil carbon emissions/removals 0 0 0 0 

Total N2O emissions 2918 5152 3357 9353 
Direct N2O emissions 2171 4462 2493 6975 

Indirect N2O emissions 747 690 864 2378 
Emissions from on-farm energy consumption 818 1269 690 940 

diesel and gasoline 544 1031 685 900 
other energy 274 238 5 41 

Emissions from manufacture and transportation 
of other chemicals 476 1068 597 1040 

CO2 emissions from urea/lime 537 31 278 1114 
CO2 emissions from urea 234 31 278 1114 
CO2 emissions from lime 303 0 0 0 

Estimated National Average Total 
Emissions/bushel 6028 7688 6438 15551 

 

The  inp uts  used  in the  gene rat ion of the  e s t imated  nat ional ave rage  e miss ions  can b e  found  in tab le  
11 (b e low). 

Table  11. Inp ut  values  us e d  in ge ne rat ion of the  es t imate d  nat ional ave rage  e mis s ions . 

Inp ut  Pa ra m e t e r Unit s  Corn  Soyb e a n  Sorghum  Sp ring Ca nola  

Yie ld  Bushe ls /ac re  
186  53 72.6  

20 33.9  lb s  
/ac re  

Ene rgy Us e   

Die s e l Gallons /ac re  7.2 3.7 3.8  3.0  
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Ga s oline  Gallons /ac re  1.3 0 .9  0 .3 0 .0  

Na t ura l Ga s  ft3/ac re  9 0 .7 9 .5  0 .6  4 .5  

Liq ue fie d  Pe t role um  Gallons /ac re  2.2 0 .4  0 .0  0 .0  

Ele c t ric it y kWh/ac re  72.3 22.8  0 .8  3.3 

Nit roge n  Fe rt ilize r lb s  N/ac re  155 .7 5 .8  72.0  10 5 .0  

Phos p horus  Fe rt ilize r lb s  P2O5/ac re  55 .4  24.0  15 .3 32.5  

Pot a s h  Fe rt ilize r lb s  K2O/ac re  56 .5  39 .4  2.7 11.7 

Lim e  lb s  CaCO3/ac re  573.0  0 .0  0 .0  0 .0  

He rb ic id e  g/ac re  1314.7 10 57.9  1340 .0  50 8 .8  

Ins e c t ic id e  g/ac re  9 .9  14.2 47.7 11.8  

Sulfur lb s /ac re  2.9  1.9  .34  0 .0  

Fungic id e  g/ac re  23.9  21.9  0 .0  35 .9  

 

A d esc rip t ion of each of t he  me thod s  used  to calculate  each of the  CI e le ments  b ased  on use r 
inp uts  is  d e sc rib ed  b e low. 

4 .1 Soil Orga nic  Ca rb on Cha nge s  from  Ad op t ion  of Low- Ca rb on 
Pra c t ic e s  

Change  in SOC from ad op t ion of low- carb on p rac t ic e s  is  a  value  d e rived  from the  DayCent  mod e l 
for each MLRA, c rop , and  low- carb on p rac t ice  s cenario. The  p revious  sec t ions  (see  sec t ions  2.1 and  
2.1.1) d esc rib e  the  m e thod s  for mod e ling SOC and  allocat ing SOC changes  to the  feed s tock. In USDA 
FD- CIC, the  SOC va lue  is  se le c te d  b ase d  on use r loc at ion (s tate /county), c rop  and  low- carb on 
p rac t ice  se le c t ions . 

 

4 .2 N2O Em is s ions  from  Fe rt ilize r a nd  Ma nure   

Direc t  and  ind irec t  N2O e miss ions  for c rop  p rod uc t ion are  ca lculate d  b ase d  on synthe t ic  N 
ap p licat ion, N content  of b iomass  re s id ue , and  N c ontent  of manure , t oge the r with the  e s t imated  IEFs  
d esc rib ed  in sec t ion 3.3, which rep re sent  the  p e rc e nt  of ap p lied  N that  is  e mit ted  as  N2O- N. Tota l 
N2O emiss ions  rep ort ed  in the  CI score  re sult s  are  the  sum of d irec t  N2O e miss ions  and  ind irec t  N2O 
emiss ions . 
 
N cont rib ut ions  from fe rt ilize r and  manure  a re  calculated  b ased  on the  use r- d e fined  nit rogen inp uts  
to USDA FD- CIC. N cont rib ut ions  from re s id ue  are  d e rive d  from the  e s t imated  nat ional ave rage  
assump t ions  ab out  N content  of c rop  re s id ue  (Tab le  14). 
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Tab le  14. Es t imate d  National Ave rage  Crop  Re s id ue  and  Biomas s  Re s id ue  by Crop  Type  

Crop  N in  Crop  Re s id ue  
Soyb eans  557 g re s id ue  N/b ushe l 
Corn 141.6  g re s id ue  N/b ushe l 
Sorghum  149  g re s id ue  N/b ushe l 
Canola  50 3.9  g re s id ue  N/b ushe l 

 
The  N2O emiss ions  from nit rogen ad d it ions  are  e s t im ated  us ing d ire c t  and  ind irec t  imp lied  emiss ions  
fac tors  (IEF) for N2O, and  are  furthe r ad jus ted  b y the  NUE Normalizat ion Fac tor (NNF) (s ee  Sec t ion 3.2 
and  3.3 for d esc rip t ions  on how these  fac tors  we re  d e rived ). The  IEFs  vary b y c rop  and  locat ion. 
Direc t  and  ind irec t  IEFs  d o not  vary b y source  of N (e .g., b iomass  re s id ue  and  manure  use  the  sam e  
region and  c rop - sp e c ific  IEFs  as  ap p lied  synthe t ic  N).  
 

4 .2.1 Im p a c t s  of Nit rific a t ion  Inhib it ors  

N2O emiss ions  are  a lso im p ac ted  b y use  of nit rific at ion inhib itors . USDA FD- CIC allows  use rs  to ente r 
the  frac t ion of synthe t ic  fe rt ilize r that  was  ap p lie d  with nit rific at ion inhib itors . USDA- FD- CIC 
calculat e s  the  re d uc t ion in d irec t  and  ind ire c t  N2O emiss ions  from NI use  b y mult ip lying the  use r-
sp ec ified  frac t ion of synthe t ic  fe rt ilize r ap p lied  with a  nit rific at ion inhib itor to  the  enhanced  
e ffic iency red uc t ion fac tor (EEFRFNI). The  EEFRFNI re p re sents  the  p e rcent  red uc t ion in emiss ions  from 
use  of nit rific at ion inhib itors  with 10 0 % of ap p lied  synthe t ic  N; the  USDA FD- CIC tool use s  the  EEFRF 
fac tors  and  sca le s  the m b ack p rop ort ionally acc ord ing to the  use r- d e fined  frac t ion of synthe t ic  
fe rt ilize r ap p lied  with an NI. While  the  DayCent  s imulat ions  d id  not  as sume  a lower rat e  of fe rt ilize r 
ap p licat ion with the  use  of NIs , this  p rac t ice  is  accomm od ated  for in USDA FD- CIC b y a llowing use rs  
to ente r the  tota l p ound s  of synthe t ic  N ap p lied  p e r ac re , thus  cap turing any red uc t ion in fe rt ilize r 
rate .   

The  me thod  use d  to d e rive  the  EEFRFNI fac tor is  d e s c rib e d  in Se c t ion 3.4 . The  EEFRFNI fac tor varie s  b y 
c rop , MLRA, and  p rac t ic e . The  red uc t ion fac tors  d ue  to use  of NIs  are  ap p lied  to synthe t ic  N 
ad d it ions  only, and  not  to  N cont rib uted  through re s id ue  or N ap p lie d  from manure  ap p licat ion.  

4 .3  Cha nge  in  Dire c t  a nd  Ind ire c t  N2O Em is s ions  from  Soils  
Re s ult ing from  Ad op t ion  of Low- Ca rb on Pra c t ic e s  

Ad op t ion of low- carb on p rac t ic e s—red uc ed /no- t ill and  cove r c rop s—also re s ult s  in imp ac ts  on 
d irec t  and  ind ire c t  N2O e miss ions  (See  Se c t ion 3.1 for how the  p e rc ent  N2O re d uc t ion fac tor was  
calculat ed  from the  DayCent  mod e ling scenarios ). Those  N2O imp ac t  fac tors  vary b y c rop , region, 
and  low- carb on p rac t ice  com b inat ion. These  im p ac t  fac tors  are  as sume d  to a ffec t  a ll sourc es  of N2O 
emiss ions , inc lud ing synthe t ic  fe rt ilize r ap p lica t ion, manure  ap p lica t ion, and  b iomass  re s id ue . 
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To e s t imate  ne t  N2O e miss ions , inc lud ing imp ac ts  re sult ing from ad op t ion of low- carb on p rac t ice s , 
the  values  calculat ed  in Sec t ion 4 .3 for d ire c t  and  ind irec t  N2O emiss ions  p e r b ushe l (b ased  on N 
ap p licat ion and  the  d ire c t  and  ind irec t  IEFs) are  mult ip lied  b y the  p e rc ent  N2O red uc t ion assoc iate d  
with the  county, c rop  and  p rac t ice  comb inat ion ente red  b y the  use r. Pe rc ent  N2O red uc t ions  are  
calculat ed  sep arate ly for d irec t  and  ind ire c t  emiss ions . 

Eq uation 1. Comp re he ns ive  calc ulat ion of d irec t  and  ind irec t  N2O e mis s ions  inc lud ing fe rt ilize r, re s id ue  and  
manure  inp uts ; EEF imp ac ts ; and  imp ac ts  of low- c arbon prac t ic es  
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𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀/𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑁𝑁 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑔𝑔 𝑁𝑁 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎/𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 (𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑒𝑒𝑒𝑒𝑒𝑒/𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)
��� ×  (1

+  % 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂) 
 
Where : 
𝑁𝑁₂𝑂𝑂 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑   Dire c t  N2O e mis s ions  (g N2O- N/bus he l).   
𝑁𝑁₂𝑂𝑂 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖   Ind ire c t  N2O e mis s ions  (g N2O- N/bus he l).   
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂 𝐼𝐼𝐼𝐼𝐼𝐼  Amount of d irec t  N2O e mitted  p e r unit  of N ap p lied  (g N2O- N/g N ap p lie d ). 
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂 𝐼𝐼𝐼𝐼𝐼𝐼  Amount of ind irec t  N2O e mitte d  p e r unit  of N ap p lie d  (g N2O- N/g N ap p lie d ). 
 𝑁𝑁𝐼𝐼𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  Frac t ion of nitroge n ap p lie d  with Nitrific at ion Inhib itors  (NI). 

 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁,𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  EEF red uc tion fac tor for d irec t  N2O e mis s ions  from 10 0 % NI us e . 
 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁,𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖   Emis s ion red uc tion fac tor for ind ire c t  N2O e mis s ions  from 10 0 % NI us e . 
Synthetic N applied Total amount of s ynthe tic  N fe rt ilize r ap p lied  (g/ac re ). 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟  De fault  as s ump tions  for amount of N re taine d  in c rop  b iomas s  re s id ue  afte r 

harve s t  (g N/bus he l) (s e e  tab le  14).  
𝑁𝑁𝑁𝑁𝑁𝑁  NUE Normalizat ion Fac tor –  s c aling fac tor to  align USDA FD- CIC ave rage  NUE 

as s ump tions  with d e fault  NUE as s ump tions . 
 
Units  are  then conve rte d  into g CO2e /b ushe l b y mult ip lying b y 1) a  fac tor conve rt ing N2O - N into  N2O 
and  2) N2O glob al warming p otent ia l. 
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The  total N2O e miss ions  e s t imate  rep orte d  out  in the  re sult s  se c t ion of the  tool rep re sents  the  sum 
of the  d ire c t  and  ind irec t  emiss ions  calculate d  ab ove . 

4 .4  Em is s ions  from  On- Fa rm  Ene rgy Cons um p t ion 

As  d esc rib ed  in Sec t ion 3.7 and  Ap p end ix E, the  DayCent  s imulat ions  were  used  to calculat e  p e rc ent  
red uc t ions  in fue l use  as soc iate d  with the  low- carb on soil manage ment  p rac t ice s . Es t imated  nat ional 
ave rage  on- farm ene rgy e miss ions  for d ie se l and  gasoline  use  p e r b ushe l we re  mult ip lie d  b y the  
p e rc ent  change  in fue l use  as soc iated  with the  use r- d e fined  c rop  and  p rac t ic e  to d e te rmine  the  
imp ac ts  of those  p rac t ice s  on on- farm fue l use . The  e s t imated  nat iona l ave rage  e miss ions  for d ie se l 
and  gasoline  on- farm ene rgy consump t ion inc lud es  up s t ream and  consump t ion emiss ions  from fue l 
use . Emiss ions  d ue  to othe r on- farm ene rgy (i.e ., e le c t ric ity) c onsump t ion for feed s tock p rod uc t ion 
are  as sumed  to b e  he ld  c ons tant  with the  e s t imate d  nat ional ave rage  in Tab le  10 . Thus , the  total 
e s t imated  e miss ions  from  on- farm ene rgy c onsump t ion is  the  sum of the  ad jus ted  e miss ions  from 
gasoline  and  fue l use  and  the  e s t imated  nat ional ave rage  emiss ions  for othe r on- farm ene rgy.  

4 .5  Up s t re a m  Em is s ions  from  Fe rt ilize r 

Up s t ream emiss ions  as soc iated  with synthe t ic  fe rt ilize rs  are  ca lculate d  b y shift ing the  e s t imated  
nat ional ave rage  up s t ream e miss ions  b ased  on the  d iffe rence  b e tween the  use r- d e fined  NUE and  
USDA’s  thre shold  “ave rage ” NUE, which varie s  b y c rop . Tab le  10  shows  the  e s t imate d  nat ional 
ave rage  va lues  that  are  als o used  in the  USDA FD- CIC tool for p urp oses  of c alculat ing the  CI 

For corn, for ins tance , use rs  with a  use r- d e fined  NUE of .9 7 are  as s igned  the  e s t imate d  nat ional 
ave rage  e miss ions  for up s t ream e miss ions  shown ab ove  (1350  g CO2e /b ushe l). All othe r use rs  
rec e ive  an emiss ions  e s t imate  that  is  shifted  to acc ount  for the  d is tanc e  of the ir NUE from the  
thre shold  of .9 7: 

Ups tream N Emis s ions  = Es t imated  National Ave rage  Ups tream Emis s ions  * (Us e r- de fine d  NUE/  
Thres hold  NUE)  

4 .6  Up s t re a m  Em is s ions  from  Ma nufa c t ure  a nd  Tra ns p ort a t ion  
of Ot he r Fa rm ing Che m ic a ls  

USDA FD- CIC uses  the  e s t imate d  nat ional ave rage  e s t imate  of p e r b ushe l e miss ions  from 
manufac ture  and  t ransp ortat ion of othe r farming chemica ls  and  ke ep s  it  cons tant  ac ross  p rac t ice  
scenarios . Tab le  10  shows  the  e s t imated  nat ional ave rage  values  that  are  a lso used  in the  USDA FD-
CIC tool for p urp oses  of c alcula t ing the  CI. 
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4 .7 CO2 Em is s ions  from  Ure a   

CO2 emiss ions  from urea are  ca lculate d  b y shift ing the  e s t imated  nat ional ave rage  urea e miss ions  
b ased  on the  d iffe renc e  b e tween the  use r- d e fined  NUE and  USDA’s  thre shold  “ave rage” NUE, which 
varie s  b y c rop . Tab le  10  shows  the  e s t imated  nat ional ave rage  emiss ions  value s  from urea that  are  
also used  in the  USDA FD- CIC tool for p urp oses  of c alcula t ing the  CI. 

For corn, for ins tance , use rs  with a  use r- d e fined  NUE of .9 7 are  as s igned  the  e s t imate d  nat ional 
ave rage  for CO2 emiss ions  from urea  shown in Tab le  10  (245  g CO2e /b ushe l). All othe r use rs  rec e ive  
an e s t imate  of CO2 e miss ions  from urea that  is  shifted  to  ac count  for the  d is t ance  of the ir NUE from 
the  thre shold  NUE: 

CO2 emis s ions  from urea = Es t imated  National Ave rage  CO2 emis s ions  from urea * (Us e r- de fine d  
NUE/  Thres hold  NUE) 

4 .8  CO2 Em is s ions  from  Lim e  

USDA FD- CIC uses  the  e s t imate d  nat ional ave rage  of p e r b ushe l emiss ions  from lime  ap p licat ion and  
keep s  it  cons tant  ac ross  p rac t ic e  sc enarios . This  value  rep re sents  an e s t imate  of ave rage  lime  
ap p licat ion ra te s  and  fre q uenc ie s  ove r t ime . Tab le  10  shows  the  e s t imated  nat ional ave rage  va lues  
for lim e  e miss ions  that  are  also used  in the  USDA FD- CIC tool for p urp oses  of calculat ing the  CI. 
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Ap p e nd ix A: Ac ronym s  a nd  Va ria b le  De fin it ions  

Ge ne ra l Ac ronym s : 

Ac ronym  De fin it ions  
BAU Bus iness - as - usual/Base line  
CI Carb on intens ity 
CO2 Carb on d ioxid e  

GHG Greenhouse  gas  

LRR Land  Resource  Region 

MLRA USDA Major Land  Resourc e  Are a  

N2O Nit rous  oxid e  

SOC Soil organic  carb on 

 

Mod e l/ Tool/ Sourc e  Ac ronym s : 

Ac ronym  De fin it ions  
ANL Argonne  Nat ional Lab oratory 
CSU Colorad o State  Unive rs ity 
DayCent  Daily Century m od e l 
FD- CIC Fee d s tock Carb on Intens ity Calculator 
NRI Nat ional Resources  Inventory 

 

Rot a t ion  Ac ronym s : 

Ac ronym  De fin it ions  
CC Cont inuous  corn 
CHP Corn- hay- p as ture  

CO Corn- othe r 

CS Corn- soy 

CSHP Corn- soy- hay- p as ture  

SGSG Cont inuous  sorghum 

SGO Sorghum- othe r 

SHP Soy- hay- p as ture  

SO Soy- othe r 

SS Cont inuous  soy 

CaO Canola othe r 
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Sc e na rio  Ac ronym s : 

Ca t e gory  Ac ronym  Sc e na rio  

Cove r Crop  ccR Cove r c rop , Rye  

Cove r Crop  no ccR BAU cove r c rop  ad op t ion 

Tillage  RT Red uc ed  t illage  

Tillage  NT No- t illage  

Tillage  NTRT Inte rmit tent  NT with RT 

Tillage  NTIT Inte rmit tent  NT with intens ive  t illage  

Tillage  AvgT Current  t illage  mix 

Fe rt ilize r s tnd  Stand ard  N ap p lic at ion typ e  

Fe rt ilize r BAU_ FSN Stand ard  N ap p lic at ion (m ix of FN, FN/SN and  SN) for corn 

Fe rt ilize r NI Nit rificat ion inhib itor 
 

SOC Alloc a t ion  Va ria b le  Ac ronym s :  

Ac ronym  De fin it ions  
b ase  Base line  

d SOC(rotat ion,MLRA) Annualized  change  in SOC [Mg C/ha] b y rotat ion and  MLRA. 

M(c rop ,rotat ion,MLRA) 
Prop ort ion of the  c rop ’s  root  and  re s id ue  b iomass  re lat ive  to the  
rotat ion's  t otal root  and  re s id ue  b iomass . 

CP(c rop ,rotat ion,MLRA) 
Ave rage  p rop ort ion of annual area of the  fee d s tock c rop  and  any 
"Othe r" c rop /s ilage  in the  rotat ion. 

RP(rotat ion,MLRA) 
Prop ort ion of the  area eac h c rop  rotat ion re lat ive  to the  tota l 
s imulated  area in e ach MLRA. 

CY(c rop ,rotat ion,MLRA,prac t ic e ) Crop  grain yie ld  [g C/m 2] for the  p rac t ice  s cenario. 

CY(c rop ,rotat ion,MLRA,base ) Base line  c rop  grain yie ld  [g C/m 2]. 

d SOC(rotat ion,MLRA,avgCC) 
Annualized  change  in SOC [Mg C/ha] for BAU cove r c rop  sc enarios  
b y rotat ion and  MLRA. 

d SOC(c rop ,rotat ion,MLRA,avgCC) 
Annualized  change  in SOC [Mg C/ha] for non- cove r c rop  s cenarios  
allocated  b y c rop  for each rotat ion and  MLRA. 

d SOC(c rop ,rotat ion,MLRA,c c R) 
Annualized  change  in SOC [Mg C/ha] for c ove r c rop  scenarios  
allocated  b y c rop  for each rotat ion and  MLRA. 

RCY(c rop ,rotat ion,MLRA, p rac t ic e ) Rat io of c rop  grain yie ld s  b e twe en p rac t ic e  and  b as e line  sc enarios . 

CRP(c rop ,rotat ion,MLRA) 
Prop ort ion of an MLRA’s  c rop  p rod uc t ion that  is  a t t rib utab le  to a  
sp ec ific  rotat ion. 

d SOC(c rop ,MLRA, p rac t ic e ) 
Annualized  change  in SOC p e r ha for the  p rac t ice  sc enario 
allocated  b y c rop  for each MLRA. 

Yie ld (c rop ,MLRA,bas e ) Ave rage  c rop  yie ld  [b u/ha] for the  MLRA. 

∆d SOC/b u(c rop ,MLRA, p rac t ic e ) 
Final change  in SOC [Mg C/b u] from p rac t ice  ad op t ion for the  c rop  
and  MLRA. 
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Ac ronym  De fin it ions  

d SOC(c rop ,MLRA,base ) 
Annualized  change  in SOC [Mg C/ha] for the  b ase line  scenario 
allocated  b y c rop  for each MLRA. 

b u(c rop ,MLRA) Ave rage  c rop - sp ec ific  p rod uc t ion d ata  for the  MLRA. 

d SOC(rotat ion,MLRA,avgc c R) 
Annualized  change  in SOC [Mg C/ha] for non- cove r c rop  s cenarios  
b y rotat ion and  MLRA. 

d SOC(rotat ion,MLRA,c c R) 
Annualized  change  in SOC [Mg C/ha] for c ove r c rop  scenarios  b y 
rotat ion and  MLRA. 

d SOC(c rop ,rotat ion,MLRA, p rac t ic e ) 
Annualized  change  in SOC [Mg C/ha] alloca ted  b y c rop  for each 
rotat ion and  MLRA. 

RCY(c rop ,MLRA, p rac t ic e ) 
Rat io of c rop  grain yie ld s  b e twe en p rac t ic e  and  b as e line  sc enarios  
for the  MLRA. 

d SOC/b u(c rop ,MLRA, p rac t ic e ) [CO2e /bu]  
Final change  in SOC [Mg C/b u] from p rac t ice  ad op t ion for the  c rop  
and  MLRA conve rt ed  to p otent ial grams  of CO2 p e r b u. 

d SOC/b u(c rop , p rac t ic e ) [CO2e/bu]  

Final nat ional we ighted  ave rage  change  in SOC [Mg C/b u] from 
p rac t ice  ad op t ion for the  c rop  conve rt ed  to p otent ial grams  of 
CO2e  p e r b u. 

BC 
The  assumed  b iom ass  carb on p e rcentage  (45 %) of d ry mat t e r 
(Kwon 5 /29 /20 25). 

Mois ture c rop  grain 

The  assumed  mois ture  content  for each mod e led  fe ed s tock c rop  
grain, p rovid ed  b y ANL (Kwon 5 /29 /20 25). The  mois ture  content  
as sump t ions  are  as  follows : canola (8 .5%), corn (15 .5 %), sorghum 
(14%), soy (13%). 

g_ to_ lb  Conve rs ion fac tor from grams  to p ound s . 1 lb  = 453.59  g. 

M2_ to_ ha  Conve rs ion fac tor from m 2 to hec tare . 1 hextar = 10 ,0 0 0  m 2. 

Lb _ to_ Buc rop  

Crop - sp e c ific  fac tor from p ound s  to b ushe l. 1 b ushe l of corn or 
sorghum = 56  lb s ; 1 b ushe l of soyb eans  = 6 0  lb s ; 1 b ushe l of canola 
= 50  lb s . 

 
N2O Alloc a t ion  Va ria b le  Ac ronym s :  

Ac ronym  De fin it ions  
b ase  Base line  
j Numb e r of c rop s  in the  rotat ion. 

N(c rop ,MLRA, p rac t ic e ) 
Total Nit rogen (N) inp ut  va lues  in grams  N p e r me te r2 for the  
rotat ion. 

N(MLRA,rotat ion,c rop , p rac t ic e ) 
Total sys te m nit rogen (N) values  in grams  N p e r m 2 from a ll N 
sources  for the  feed s tock c rop . 

CP(MLRA,rotat ion,c rop ) 
Ave rage  p rop ort ion of annual area of the  fee d s tock c rop  and  any 
"Othe r" c rop /s ilage  in the  rotat ion. 

Direc t  N2O(MLRA,rotat ion, p rac t ic e ) Total d irec t  N2O emiss ions  for the  rotat ion [kg N2O- N/ha]. 

Direc t  N2O(MLRA,rotat ion,c rop , p rac t ic e ) Direc t  N2O e miss ions  for the  c rop  [kg N2O- N/ha]. 

Ind irec t  N2O(MLRA,rota t ion, p rac t ic e ) Total ind ire c t  N2O [kg N2O- N/ha] emiss ions  for the  rotat ion. 
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Ac ronym  De fin it ions  

Ind irec t  N2O(MLRA,rota t ion,c rop , 

p rac t ic e ) 
Ind irec t  N2O [kg N2O- N/ha] emiss ions  for the  c rop  for eve ry 
rotat ion. 

fracN(fert ,MLRA,rotat ion,c rop , p rac t ic e ) 
Nit rogen (N) inp ut  from c rop  synthe t ic  fe rt ilize r as  a  frac t ion of the  
total rota t ion N. 

N(fert ,MLRA,rotat ion,c rop , p rac t ic e ) 
Nit rogen (N) inp ut  [g N/m 2] from synthe t ic  fe rt ilize r ap p licat ion for 
the  feed s tock c rop . 

N(MLRA,rotat ion, p rac t ic e ) Total Nit rogen (N) inp ut  va lues  [g N/m 2] for the  rotat ion. 

fracN(CR,MLRA,rotat ion,c rop , p rac t ic e ) 
Nit rogen (N) inp ut  from c rop  re s id ue  as  a  frac t ion of the  tota l 
rotat ion N. 

N(CR,MLRA,rotat ion,c rop , p rac t ic e ) Nit rogen (N) va lues  [g N/m 2] for the  feed s tock c rop . 

fracN(MLRA,rotat ion,c rop , p rac t ic e ) 
Nit rogen (N) from c rop  synthe t ic  fe rt ilize r and  c rop  re s id ue  as  a  
frac t ion of the  tota l rotat ion N. 

Direc t  N2O(fert /CR,MLRA,rotat ion,c rop , 

p rac t ic e ) 
Direc t  N2O e miss ions  [kg N2O- N/ha] from  synthe t ic  fe rt ilize r and  
c rop  re s id ues  for the  fee d s tock c rop . 

Ind irec t  N2O(fert /CR,MLRA,rotat ion,c rop , 

p rac t ic e ) 
Ind irec t  N2O emiss ions  [kg N2O- N/ha] from synthe t ic  fe rt ilize r and  
c rop  re s id ues  for the  fee d s tock c rop . 

Direc t  N2O(MLRA,rotat ion, p rac t ic e ) Direc t  N2O e miss ions  [kg N2O- N/ha] for the  rota t ion.  

Ind irec t  N2O(MLRA,rota t ion, p rac t ic e ) Ind irec t  N2O emiss ions  [kg N2O- N/ha] for the  rota t ion.  

Direc t  N2O yie ld (MLRA,rotat ion,c rop , 

p rac t ic e ) 
Direc t  N2O e miss ions  [kg N2O- N*m 2/ha /g C]* for the  c rop , ad jus ted  
for changes  in yie ld . 

Ind irec t  N2O yie ld (MLRA,rotat ion,c rop , 

p rac t ic e ) 
Ind irec t  N2O emiss ions  [kg N2O- N*m 2/ha /g C]* for the  c rop , 
ad jus ted  for changes  in yie ld . 

DAYCENT Yie ld (MLRA,rota t ion,c rop , 

p rac t ic e ) Crop  s imula ted  yie ld  [g C/m 2]. 
i The  #  of rotat ions  in the  MLRA that  inc lud e  the  fe e d s tock c rop . 

CRP(c rop ,rotat ion,MLRA) 
The  p rop ort ion of an MLRA’s  c rop  p rod uc t ion that  is  a t t rib utab le  
to a  sp e c ific  c rop  rota t ion. 

RP(rotat ion,MLRA) 
The  p rop ort ion of the  area  each c rop  rotat ion re lat ive  to the  tot al 
s imulated  area in e ach MLRA. 

CP(c rop ,rotat ion,MLRA) 
The  ave rage  p rop ort ion of annual area of the  feed s tock c rop  and  
any "Othe r" c rop /s ilage  in the  rota t ion. 

DAYCENT Yie ld (c rop) Crop - sp e c ific  DayCent- m od e led  yie ld  [g C/m 2]. 

MLRA Direc t  N2O yie ld (MLRA,c rop , 

p rac t ic e ) 
Direc t  N2O [kg N2O- N/unit  yie ld ] for the  p rac t ice  sc e nario 
aggregate d  b y c rop  and  MLRA. 

MLRA Ind ire c t  N2O 
yie ld (MLRA,c rop , p rac t ic e ) 

Ind irec t  N2O [kg N2O- N/unit  yie ld ] for the  p rac t ic e  sc enario 
aggregate d  b y c rop  and  MLRA. 

% change  MLRA Direc t  N2O 
% d iffe renc e  b e twe en p rac t ic e - sp ec ific  d ire c t  N2O and  the  
b ase line  (current  p rac t ice  ad op t ion) scenario. 

% change  MLRA Ind irec t  N2O 
% d iffe renc e  b e twe en c rop , p rac t ice - sp ec ific  ind ire c t  N2O and  the  
b ase line  (current  p rac t ice  ad op t ion) scenario. 
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Ac ronym  De fin it ions  

CSU % change  MLRA Direc t  
N2O 

% change  in d ire c t  N2O for the  p rac t ic e  scenario aggregate d  b y 
c rop  and  MLRA. 

CSU % change  MLRA Ind irec t  
N2O 

% change  in ind irec t  N2O for the  p rac t ice  s cenario aggregate d  b y 
c rop  and  MLRA. 

[% change  MLRA Dire c t  N2O]( 

p rac t ic e ) 

% d iffe renc e  b e twe en sp ring ap p lica t ion p rac t ice - sp ec ific  d ire c t  
N2O and  the  sp ring b ase line  scenario . 

[% change  MLRA Ind irec t  
N2O](prac t ic e ) 

% d iffe renc e  b e twe en sp ring ap p lica t ion p rac t ice - sp ec ific  ind irec t  
N2O and  the  sp ring b ase line  scenario . 

[% change  MLRA Dire c t  
N2O](FS2) 

% d iffe renc e  b e twe en sp ring ap p lica t ion p rac t ice - sp ec ific  d ire c t  
N2O and  the  BAU N ap p lic at ion t iming b ase line  scenario. 

[% change  MLRA Ind irec t  
N2O](FS2) 

% d iffe renc e  b e twe en sp ring ap p lica t ion p rac t ice - sp ec ific  ind irec t  
N2O and  the  BAU N ap p lic at ion t iming b ase line  scenario. 

BC 
The  assumed  b iom ass  carb on p e rcentage  (45 %) of d ry mat t e r 
(Kwon 5 /29 /20 25). 

Mois ture c rop  grain 

The  assumed  mois ture  content  for each mod e led  fe ed s tock c rop  
grain, p rovid ed  b y ANL (Kwon 5 /29 /20 25). The  mois ture  content  
as sump t ions  are  as  follows : canola (8 .5%), corn (15 .5 %), sorghum 
(14%), soy (13%). 

g_ to_ lb  Conve rs ion fac tor from grams  to p ound s . 1 lb  = 453.59  g. 

M2_ to_ ha  Conve rs ion fac tor from m 2 to hec tare . 1 hextar = 10 ,0 0 0  m 2. 

Lb _ to_ Buc rop 

Crop - sp e c ific  fac tor from p ound s  to b ushe l. 1 b ushe l of corn or 
sorghum = 56  lb s ; 1 b ushe l of soyb eans  = 6 0  lb s ; 1 b ushe l of canola 
= 50  lb s . 

Note : * =   Be c ause  the  final re sult  for c hange  in N2O e miss ions  is  p rese nte d  as  a  % c hange , a  unit  c onve rs ion 
to kg N2O- N/g C was  c ons ide re d  unne c essary and  omit te d  

 
On- Fa rm , Fue l Us e  Va riab le  Ac ronym s :  

Ac ronym  De fin it ions  

FracTillFull (MLRA,rotat ion,c rop ,p rac t ic e ) Frac t ion of are a d e d icat e d  to full- t ill p rac t ic e s  

FracTillNo (MLRA,rota t ion,c rop ,p rac t ic e ) Frac t ion of are a d e d icat e d  to no- t ill p rac t ice s  

FracTillReduc ed  

(MLRA,rotat ion,c rop ,p rac t ic e ) 
Frac t ion of are a d e d icat e d  to red uc ed  t ill p rac t ic e s  

FracTillIntens ive  Rate  of fue l use  for intens ive  t ill p rac t ice s  [gal/ac re ] 

FracTillNo 
Rate  of fue l use  for no- t ill p rac t ice s  [gal/ac re ] 
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Ac ronym  De fin it ions  

FracTillReduc ed  
Rate  of fue l use  for red uc e d  t ill p rac t ice s  [gal/ ac re ] 

CCFue l Fue l use  from cove r c rop  p rac t ice s  
CCP (MLRA,rotat ion,c rop ,p rac t ic e ) % of ac re s  that  have  c ove r c rop  ad op t ion 
CC see d  Rate  of fue l use  used  for s eed ing [gal/ac re ] 
CC c hem Rate  of fue l use  used  for c hemica l te rminat ion [gal/ac re ] 
Fe rt ilize r Fue l use  Total fue l used  from  fe rt ilize r ap p licat ion p rocess  [gal/ac re ] 
AvgSp lit  % of ac re s  whe re  two fe rt ilize r ap p licat ion p asse s  are  mad e  

SinglePass  
% of ac re s  whe re  one  fe rt ilize r ap p licat ion is  mad e   

Fe rt ilize rPass  Rate  of fue l use  p e r fe rt ilize r p ass  [gal/ac re ] 
Frac Unfert ilize d  Frac t ion of land  with no fe rt ilize r ap p licat ion 
Comb ine  Harves t ing Fue l 
Use c orn Ap p roximate  rate  of fue l use  to harves t  c orn [gal/ac re ] 
Comb ine  Harves t ing Fue l 
Use soybeans  Ap p roximate  rate  of fue l use  to harves t  soyb eans  [gal/ac re ] 

Comb ine  Harves t ing Fue l 
Use sorghum Ap p roximate  rate  of fue l use  to harves t  sorghum, p roxy value  

b ased  on ave rage  of c orn and  soyb ean ra te s   [gal/ac re ] 
Tillage  Fue l Use  Fue l used  for t illage  p rac t ice s  [gal/ ac re ] 

Pes t ic id e  Fue l Use  
Total fue l used  from  a s ingle  p es t ic id e  p ass  [gal/ ac re ] 
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Ap p e nd ix B. Da yCe nt  Mod e ling Fra m e work 

The  DayCent  e cosys te m mod e l (Parton e t  a l. 19 9 8 , 20 0 1; De l Grosso e t  a l. 20 0 1, 20 11, 20 22) has  b een 
used  in this  analys is . DayCent  s imulat e s  b ioge oche m ical carb on and  nit rogen c yc le s  b e tween the  
atmosp he re , vege ta t ion, and  soil, us ing a  b road  suite  of environm ental d rive rs . These  d rive rs  inc lud e  
soil charac te ris t ic s , weathe r p at te rns , c rop  and  forage  charac te ris t ic s , and  management  p rac t ice s . 
The  DayCent  m od e l ut ilize s  the  soil c arb on m od e ling framework d e ve lop ed  in the  Century m od e l 
(Parton e t  a l. 19 8 7, 19 88 , 19 9 4) b ut  has  b een re fined  to s imulat e  d ynamics  at  a  d aily t ime - s t ep .  

The  DayCent  m od e l inc lud es  two p lant  re s id ue  p ools  (s t ruc tural and  me tab olic  lit te r), and  thre e  soil 
organic  mat te r (SOM) p ools  (ac t ive , s low, and  p ass ive ). The  m e tab olic  p ool cons is t s  of eas ily 
d ec omp osab le  p lant  re s id ue , and  the  s t ruc tura l lit te r p ool is  comp osed  of ligno- ce llulos ic  p lant  
mate rials . The  thre e  SOM p ools  rep re sent  a  grad ient  in d ecomp osab ilit y. The  ac t ive  p ool, which 
rep re sents  mic rob ia l b iom ass  and  me tab olit e s , turns  ove r in months  to years  and  inc lud es  b oth 
surface  and  soil com p one nts ; the  s low p ool re p re se nts  d ecomp os ed  mate rial with a  mean re s id ence  
t ime  measure d  in d e cad e s  and  also inc lud es  b oth s urface  and  soil comp onents ; the  p ass ive  p ool 
(highly p rocessed , humifie d , and  cond ensed  mate ria l) has  a  turnove r t im e  of s eve ral hund red  years  
and  is  sole ly re p re sented  in the  soil. In the  analys is  d one  for USDA FD- CIC, the  ac t ive  surface  and  soil 
lit te r p ools  were  omit t ed  which ensure s  SOC gains  e s t imated  are  m ore  d urab le . 

Carb on and  nit rogen d ynamics  are  linked  in p lant - soil sys tems  through b iogeochemical p rocesse s  of 
mic rob ial d e comp os it ion and  p lant  p rod uc t ion. Nut rient  sup p ly is  a  func t ion of exte rnal nut rient  
ad d it ions  as  we ll as  lit te r and  SOM d e com p os it ion ra te s . Inc reas ing d ec om p os it ion can le ad  to a  
red uc t ion in soil organic  c arb on s tocks  d ue  to mic rob ial d ecomp os it ion, and  greate r N2O e miss ions  
b y enhanc ing mine ra l nit rogen availab ilit y in soils . DayCent  has  b e en te s te d  and  ap p lied  in many 
s tud ie s ; the  mos t  rec ent  c alib rat ion assoc iate d  with this  ve rs ion ut ilized  Bayes ian me thod s  for soil C 
and  N2O e miss ions  (U.S.- EPA 20 24; Gurung e t  a l. 20 20 , 20 21). 

DayCent  is  used  to ap p roximate  init ia l values  of C and  N in the  p lant  and  soil s ys tem for the  b iofue ls  
feed s tock analys is  us ing the  U.S. GHG Inventory framework and  NRI surve y d a ta . Firs t , the  DayCent  
mod e l is  used  to e s tab lish the  init ia l c ond it ions  and  carb on s tocks  for 19 79 , which is  the  firs t  year of 
the  NRI survey. Se cond , DayCent  is  used  to s imulat e  land  use  and  manage me nt  his torie s  rec ord ed  in 
the  20 17 NRI his torie s  (USDA- NRCS 20 20 ) extend e d  through 20 20  us ing USDA- NASS Crop  Data 
Laye r (CDL) (USDA- NASS 20 21). Us ing these  his torie s  to e s tab lish init ia l cond it ions  ensure s  that  
forward  p roje c t ion for the  sus tainab le  b iofue ls  analys is  is  cons is tent  with his torical p rac t ic e s  in US 
agricultura l land s  (US- EPA 20 24). The  forward  s imulat ions  for the  30 - year p rojec t ion are  d esc rib ed  
in sec t ions  ab ove  us ing the  las t  5  years  of the  NRI his torie s , which are  rep licat ed  6  t im es  in this  
analys is . 

Evaluat ing unce rtainty is  an integral p art  of the  analys is  and  key unce rtaint ie s  inc lud e  unce rtainty in 
the  manage ment  ac t ivity d ata  inp uts  (inp ut  unce rta inty) and  unce rtainty in the  mod e l formulat ion 
and  p arame te rizat ion (m od e l s t ruc tural unce rtainty) (Ogle  e t  a l. 20 10 ; De l Grosso e t  a l. 20 10 , Ogle  e t  



40 
 

al. 20 23).  A Monte  Carlo s imulat ion was  cond uc te d  to p rop agate  unce rtainty through the  analys is  
with 10 ,0 0 0  ite rat ions , and  the  m ean of the  re sult s  was  p rovid ed  as  the  outp ut  for this  analys is .  

Firs t , inp ut  unce rtainty is  b ased  on the  s ix imp uta t ions  und e rlying the  management  d ata  p rod uc t  
that  comb ines  d a ta  from the  CEAP surve y, ARMS, Op TIS Data Prod uc t , Census  of Agriculture  and  
CTIC survey d a ta . CSU rand om ly se le c te d  im p utat ions  for each of the  10 ,0 0 0  ite rat ions  in a  Monte  
Carlo ana lys is  to p rop agate  this  e rror. 

Mod e l s t ruc tural unc e rtainty is  the  e s t imat ion e rror as soc iated  with mod e l formulat ion and  
p aram e te rizat ion. This  comp onent  is  the  larges t  source  of unce rtainty in this  mod e l- b ase d  analys is , 
account ing for more  than 80  p e rc ent  of the  ove rall unce rtainty in the  final e s t imate s  (Ogle  e t  a l. 
20 10 ; De l Grosso e t  a l. 20 10 ). An em p irica lly b ased  p roce d ure  is  ap p lie d  to  d e ve lop  a  s t ruc tura l 
unce rtainty e s t imator from the  re la t ionship  b e twe e n mod e le d  re sult s  and  fie ld  me asurements  from 
agricultura l e xp e rim ents  us ing linear mixed  e ffe c t  m od e ling techniq ues  (Ogle  e t  a l. 20 0 7). The  
mod e led  e miss ions  are  t reate d  as  a  fixe d  e ffec t  in the  s tat is t ical mod e ls  along with othe r c ovaria te s  
that  are  s ignificant  b ased  on the  mod e l fit  in R, such as  c rop  typ e , t illage  p rac t ice  and  fe rt ilizat ion 
rate s . The  re sult ing re la t ionship s  are  used  to make  an ad jus tment  to m od e le d  values  to  ad d re ss  
b iase s  d ue  to s ignificant  mismatches  b e tween the  mod e led  and  measure d  values  (Figure  B1). 
Rand om e ffec ts  are  inc lud ed  to  cap ture  the  d e p end ence  in t im e  se rie s  and  d a ta  collec t ed  from the  
same  s ite , which are  need ed  to  e s t imate  ap p rop riat e  s tand ard  d evia t ions  for p aram e te r c oe ffic ients . 
The  re sult ing mixed  e ffe c t  mod e l is  ap p lied  in the  DayCent  m od e l framework us ing a  Monte  Carlo 
framework with 10 ,0 0 0  d raws  for p aram e te r va lues  in a  joint  p rob ab ility d is t rib ut ion from the  linear 
mixe d - e ffec t  m od e l.  In this  s tep , DayCent  outp ut  is  ad jus ted  for b ias  and  a  leve l of p re c is ion is  
q uant ified  acc ord ing to the  s tat is t ica l m od e l re la t ionship s . See  US- EPA (20 24) for more  informat ion 
ab out  the  DayCent  mod e ling framework. The  outp ut s  of this  analys is  inc lud e  the  mean from the  
Monte  Carlo analys is  to inform the  final score . 

Figure  B1. Re lat ions hip  be twee n DayCe nt mod e l p red ic t ions  and  e mp iric al obs e rvations  of s oil C s toc ks  from 
140 6  obs e rvations  from 6 9  long- te rm e xp erime nt s ite s  and  145  NRI s oil monitoring ne twork s ite s  (Sp e nc er e t  al. 
20 11), and  e mp iric al obs e rvations  of N2O e mis s ions  from 76  e xp e rime ntal s ite s  with 857 obs e rvations . Thes e  
figure s  are  from US- EPA (20 24). 
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Ap p e nd ix C. Me t hod  for Alloc a t ion  of SOC Ac ros s  
Fe e d s t oc ks  

Results  from the  DayCent  mod e l a re  rep orte d  as  the  annual change  in soil organic  carb on (d SOC) to 
30 - cm soil d ep th for each 5 - year c rop  rota t ion s imulate d  ove r 30  years . To ap p ort ion the  d SOC 
from fe ed s tock c rop  p rod uc t ion among c rop s  ove r a  thirty- year s imulat ion, USDA used  a  b iomass -  
and  freq uency-  b ased  a llocat ion m e thod  whe re  d SOC is  allocate d  b ase d  on b oth (a) the  b iomass  of 
the  feed s tock c rop  as  a  p e rc ent  of the  tota l b iomas s  of the  rota t ion and  (b ) t he  amount  of t ime  any 
given feed s tock c rop  is  p lanted  in the  5 - ye ar rotat ion. The  b iomass  used  for t he  allocat ion me thod  
com p rise s  the  tota l season accumula t ion of root  and  re s id ue  b iomass . The  SOC me thod ology 
d esc rib ed  in this  sec t ion ap p lie s  to a ll mod e led  c rop  rotat ions  (Allmaras  e t  a l., 20 0 4; Prairie  e t  a l., 
20 23).   

By allocat ing d SOC b ased  on c rop - sp ec ific  b iomass , it  is  as sumed  that  fee d s tock c rop s  which 
p rod uc e  m ore  b iomass  will re sult  in greate r d SOC d ue  to the  conve rs ion of d ec ayed  fe ed s tock c rop  
re s id ue  into SOC. This  me thod  was  ad op ted  to cap ture  rota t ional e ffec ts  on d SOC. 

A d iffe rent  ap p roach was  used  for rota t ions  that  inc lud ed  rye  c ove r c rop  p rod uc t ion, as  d SOC from 
cove r c rop  p rod uc t ion is  d ue  to the  b iomass  of the  cove r c rop  (and  not  the  fe ed s tock c rop ). For 
cove r c rop s , the  d SOC b e tween the  rotat ion with c ove r c rop s  and  the  sam e  rotat ion without  cove r 
c rop s  was  e s t imate d  and  then allocated  to the  fe ed s tock c rop (s ) b ase d  on the  freq uenc y in the  
rotat ion. See  b e low for the  d e tailed  formulas  used . 

Alloc a t ion  of d SOC for s c e na rios  wit hou t  a d d it iona l c ove r c rop  a d op t ion  
Eq ua t ion  C-  1 use s  the  rat io of b iomass  from each c rop  among all c rop s  in the  rotat ion and  the  
freq uency of the  c rop  in the  rotat ion to re turn an annualized  d SOC value  that  is  a llocate d  to  the  
feed s tock c rop  of inte re s t . 

Eq ua t ion  C-  1. SOC a lloc a t ion  m e t hod  for s c e na rios  wit h out  a d d it iona l c ove r c rop s  

𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐 =
(𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐) × �𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�

𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
 

Where : 
 

𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐 BAU c ove r c rop  ad op t ion. 
𝑐𝑐𝑐𝑐𝑐𝑐 High ad op t ion of rye  c ove r c rop . 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,no ccR The  annualize d  c hange  in SOC [Mg C/ha] for non- c ove r c rop  sc e narios  a llocate d  

b y c rop  for e ac h rota t ion and  MLRA. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐 The  annualize d  c hange  in SOC [Mg C/ha] for non- c ove r c rop  sc e narios  by rota t ion 

and  MLRA.  
𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 The  p rop ort ion of the  c rop 's  root  and  re s id ue  b iomass  re lat ive  to the  rota t ion's  

root  and  re s id ue  b iomass  ove r the  30 - ye ar p e riod . This  value  is  p rovid e d  b y 
DayCe nt . 

𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 The  ave rage  p rop ort ion of annual are a  of the  fe e ds toc k c rop  and  any "Othe r" 
c rop /s ilage  in the  rota t ion. This  value  is  p rovid e d  b y DayCe nt . 
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Alloc a t ion  of d SOC for Sc e na rios  wit h  Ad d it iona l Cove r Crop  Ad op t ion  
The  d SOC assoc iat ed  with cove r c rop  ad op t ion is  a llocated  to fee d s tock c rop s  in the  rotat ion b ase d  
on the  freq uenc y of the  c rop  in the  rotat ion. The  change  in SOC from cove r c rop  ad op t ion is  
as sumed  to b e  e q ual t o the  d iffe renc e  b e twe en cove r c rop  sc enarios  (c cR) and  non- cove r c rop  
scenarios  (no c cR) 12. The re fore , c ove r c rop  ad op t ion should  re sult  in s imilar changes  in d SOC/ac re  
for all c rop s  in the  rotat ion.  

Eq ua t ion  C-  2. SOC a lloc a t ion  m e thod  for s c e na rios  wit h  a d d it iona l c ove r c rop s  

𝑑𝑑𝑑𝑑𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐 = [(𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐) + 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐] 
 
Where : 

 
𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐 BAU c ove r c rop  ad op t ion. 
𝑐𝑐𝑐𝑐𝑐𝑐 High ad op t ion of rye  c ove r c rop . 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,ccR The  annualize d  c hange  in SOC [Mg C/ha] for c ove r c rop  sc e narios  a llocate d  b y 

c rop  for e ac h rota t ion, and  MLRA. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐 The  annualize d  c hange  in SOC [Mg C/ha] for c ove r c rop  sc e narios  b y rota t ion, and  

MLRA. This  value  is  p rovid e d  b y DayCe nt. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐 The  annualize d  c hange  in SOC [Mg C/ha] for BAU c ove r c rop  sc e narios  by rota t ion, 

and  MLRA. This  value  is  p rovid e d  b y DayCe nt. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐 The  annualize d  c hange  in SOC [Mg C/ha] for non- c ove r c rop  sc e narios  a llocate d  

b y c rop  for e ac h rota t ion, and  MLRA. This  value  is  calc ula te d  in Eq ua t ion  C-  1. 

 

Aggre ga t ing d SOC Es t im a t e s  Ac ros s  Rot a t ions  t o  Cre a t e  a  Crop - Sp e c ific  Va lue  for t he  MLRA 
The  c rop - sp e c ific  value  for d SOC is  c ons t ruc te d  as  a  c rop - sp ec ific  we ighted  ave rage  of the  
rotat ion- sp e c ific  va lues  b ased  on the  ac reage  of e ach rotat ion within the  MLRA. These  va lues  are  
then used  to d eve lop  CI fac tors  b y MLRA, c rop , and  conse rva t ion p rac t ic e .  

DayCent  m od e le d  the  rot at ion area p rop ort ion (RP) of the  tot al MLRA area that  is  c rop p ed  in each of 
the  e leven rep re sentat ive  c rop  rota t ions . Ad d it ionally, DayCent  a lso outp uts  t he  freq uency of the  
feed s tock c rop  ve rsus  any “othe r c rop ” within each rotat ion for each MLRA (CPc rop ,rotat ion,MLRA). These  
two variab le s  can d e te rmine  how much of an MLRA’s  c rop  p rod uc t ion is  a t t rib uted  to one  rotat ion 
ve rsus  anothe r.  

Eq ua t ion  C-  3. The  p ort ion  of t he  MLRA's  c rop  p rod uc t ion  from  e a c h  ro t a t ion  

𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
𝑅𝑅𝑅𝑅 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

∑ (𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)𝑖𝑖
0

 

Where : 
 

 
12 This  op t ion d oe s  not  take  into c ons id e rat ion how ofte n c ove r c rop s  are  ad op te d  in the  b ase line  sc e nario or in 
c ove r c rop  sc e narios . It  jus t  cons id e rs  any SOC acc umulat ion in the  b ase line  as  “b ase line ” SOC and  SOC 
ac c umulat ion as soc ia te d  with c ove r c rop  sc e narios  as  “cove r c rop  ad op t ion”. 
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𝑖𝑖 The  numb e r of rota t ions  in the  MLRA that  inc lud e  the  fe e ds toc k c rop . 
𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀  The  p rop ort ion of an MLRA’s  c rop  p rod uc t ion that  is  a t t ributab le  to a  sp e c ific  rota t ion. 

𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 The  p rop ort ion of the  are a  of e ac h c rop  rota t ion re la t ive  to the  tota l s imulate d  area  in 
e ac h MLRA. This  value  is  p rovid e d  b y CSU. 

𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 The  ave rage  p rop ort ion of annual are a  of the  fe e ds toc k c rop  and  any "Othe r" c rop /s ilage  
in the  rota t ion. This  value  is  p rovid e d  b y DayCe nt . 

 
Once  this  is  calculat ed , the  c rop - rotat ion p rop ort ion can b e  ap p lie d  to each rotat ion’s  d SOC value  to 
d eve lop  a  we ighte d  ave rage  d SOC value  for e ach c rop , MLRA, and  c onse rvat ion scenario. 

Eq ua t ion  C-  4 . Aggre ga t e  ro t a t ion  d SOC b y MLRA 

𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = �(𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑖𝑖

0

) 

Where : 
 

𝑖𝑖 The  numb e r of rota t ions  in the  MLRA that  inc lud e  the  fe e ds toc k c rop . 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  annualize d  c hange  in SOC [Mg C/ha] a lloc ate d  b y c rop  for e ac h MLRA and  

p rac t ic e . 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  annualize d  c hange  in SOC [Mg C/ha] a lloc ate d  b y c rop  for e ac h rota t ion, 

MLRA and  p rac t ic e . This  value  is  calcula te d  in e ithe r Eq ua t ion  C-  1 or 

Eq ua t ion  C-  2. 

𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀  The  p rop ort ion of an MLRA’s  c rop  p rod uc t ion a t t rib utab le  to a  sp e c ific  rota t ion. 

This  value  is  c alc ula te d  in Eq ua t ion  C-  3  

 
Ac c ount ing for Yie ld  Cha nge s  from  Cons e rva t ion  Pra c t ic e  Ad op t ion  
In ad d it ion to affec t ing SOC accumulat ion, c onse rva t ion p rac t ice  ad op t ion can also affec t  c rop  
yie ld s . Crop , rota t ion, and  MLRA- sp e c ific  yie ld s  we re  e s t imated  b ased  on DayCent - mod e led  c rop  
yie ld  re p ort ed  in g C/m ². The  following eq uat ion was  used  to c onve rt  c rop  yie ld s  from g C/m ² to 
b u/ha. 

Eq ua t ion  C-  5 . Da yCe nt  Yie ld  Conve rs ion  

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = (
(𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝐵𝐵𝐵𝐵)

�1 −𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�
) ÷ (𝑔𝑔_𝑡𝑡𝑡𝑡_𝑙𝑙𝑙𝑙 × 𝑚𝑚2_𝑡𝑡𝑡𝑡_ℎ𝑎𝑎) ÷ 𝐿𝐿𝐿𝐿_𝑡𝑡𝑡𝑡_𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

Where : 
 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  c rop  grain yie ld  [b u/ha] for the  rota t ion, MLRA and  c onse rvat ion sc e nario. 

𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  c rop , rota t ion and  MLRA- sp e c ific  grain yie ld  [g C/m 2] for the  c onse rvat ion 
sc e nario. This  value  is  p rovide d  b y DayCent . 

𝐵𝐵𝐵𝐵 The  assume d  b iomass  c arb on p e rc e ntage  (45%) of tota l c rop  d ry mat te r (Kwon 
5 /29 /20 25).  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 The  assume d  mois ture  c ontent  for e ac h mod e le d  fe e d s toc k c rop  grain, 
p rovid e d  b y ANL (Kwon 5 /29 /20 25). The  mois ture  c onte nt  as sump t ions  are  as  
follows : canola  (8 .5%), c orn (15 .5%), sorghum (14%), soyb e ans  (13%).  



45 
 

𝑔𝑔_𝑡𝑡𝑡𝑡_𝑙𝑙𝑙𝑙 Conve rs ion fac tor from gram s  to p ound s . 1 lb  = 453.59  g. 
𝑚𝑚2_𝑡𝑡𝑡𝑡_ℎ𝑎𝑎 Conve rs ion fac tor from m 2 to  he c tare . 1 he c tare  = 10 ,0 0 0  m 2. 
𝐿𝐿𝐿𝐿_𝑡𝑡𝑡𝑡_𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 Crop - sp e c ific  fac tor from p ound s  to b ushe l. 1 b ushe l of c orn or sorghum = 56  

lb s ; 1 b ushe l of soyb eans  = 6 0  lb s ; 1 b ushe l of canola  = 50  lb s . 

 

Because  the  c rop  yie ld s  are  mod e led  to b e  sp e c ific  t o a  c rop  rotat ion, the y nee d  to b e  aggregate d  
for each MLRA following a s imilar p roc ess  as  Eq ua t ion  C-  6 .  
 

Eq ua t ion  C-  6 . Aggre ga t e  ro t a t ion  c ha nge  in  c rop  yie ld  b y MLRA 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = �(𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)
𝑖𝑖

0

 

 
Where : 

 
𝑖𝑖 The  numb e r of rota t ions  in the  MLRA that  inc lud e  the  fe e ds toc k c rop . 
𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀  The  p rop ort ion of an MLRA’s  tota l c rop  p rod uc t ion a t t rib utab le  to a  

sp e c ific  rota t ion. This  value  is  c alcula te d  in Eq ua t ion  C-  3 . 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  c rop  grain yie ld  [b u/ha] for the  rota t ion, MLRA and  c onse rvat ion 

sc e nario. This  value  is  c alc ulate d  in Eq ua t ion  C-  5 . 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  aggre gate d  MLRA c rop  grain yie ld  [b u/ha] for the  c onse rvat ion 
sc e nario.  

 
Ca lc u la t ing Cha nge  in  SOC p e r Bus he l from  Cons e rva t ion  Pra c t ic e  Ad op t ion  
To e s t imate  the  c rop  and  MLRA- sp e c ific  change  in SOC re sult ing from conse rvat ion p rac t ice  
ad op t ion, the  d SOC p e r b ushe l und e r the  b ase line  s cenario is  sub t rac te d  from d SOC p e r b ushe l of 
the  conse rvat ion p rac t ice  ad op t ion scenario. The  MLRA- sp ec ific  conse rvat ion and  b ase line  sc enario 
d SOC/hec tare  values  c an b e  c onve rted  to d SOC/b ushe l values  b y d ivid ing MLRA- sp ec ific  d SOC/ha 
values  b y the  MLRA- sp e c ific  yie ld /he c tare  va lues  (d e rive d  from the  DayCent  yie ld  values  in g/m 2). 

Eq ua t ion  C-  7. Ca lc u la t ing t he  c ha nge  in  d SOC/ b u  from  c ons e rva t ion  p ra c t ic e  a d op t ion  

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

= 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏/𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  
 
Where : 

 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
/𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  

The  annualize d  c rop  and  MLRA- sp ec ific  c hange  in SOC [Mg C/b u] for the  c onse rvat ion 
sc e nario. 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  c rop  and  MLRA annualized  c hange  in SOC [Mg C/ha] for the  c onse rvat ion 

sc e nario. This  value  is  c alc ulate d  in Eq ua t ion  C-  4 . 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  ave rage  MLRA- spe c ific  c rop  yie ld  [b u/ha] for the  MLRA for the  c onse rvat ion 

sc e nario. This  value  is  c alc ulate d  in Eq ua t ion  C-  6  
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𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏   The  c rop  and  MLRA annualized  c hange  in SOC [Mg C/ha] for the  b ase line  sc e nario. 

This  value  is  c alc ula te d  in Eq ua t ion  C-  4 . 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  The  ave rage  MLRA- spe c ific  c rop  yie ld  [b u/ha] for the  b ase line  sc e nario. This  value  is  

c alc ula te d  in Eq ua t ion  C-  6 . 

The  d SOC value  in grams  C p e r b ushe l can b e  conve rte d  to grams  of CO2e  p e r b ushe l b y mult ip lying 
b y c onve rs ion fac tors  for carb on to carb on d ioxid e  and  megagrams  to  grams . 
 

Eq ua t ion  C-  8 . Ca lc u la t ing t he  c ha nge  in  d SOC/ b u  from  p ra c t ic e  a d op t ion  in  g CO2 p e r b u  

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  [𝐶𝐶𝑂𝑂2𝑒𝑒/𝑏𝑏𝑏𝑏] = 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∗
1𝑒𝑒6𝑔𝑔
1𝑀𝑀𝑀𝑀

∗
3.67 𝑔𝑔 𝐶𝐶𝑂𝑂2𝑒𝑒

1 𝑔𝑔 𝐶𝐶
 

Where : 
 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  [𝐶𝐶𝑂𝑂2𝑒𝑒/
𝑏𝑏𝑏𝑏]   

The  final c hange  in SOC p e r b ushe l from p rac t ice  ad op t ion for the  c rop  and  
MLRA c onve rte d  to carb on inte ns ity of p ote nt ial grams  of CO2 p e r b ushe l. 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  annualize d  c rop  and  MLRA- sp ec ific  c hange  in SOC [Mg C/b u] for the  

c onse rvat ion sc e nario. This  is  c alcula te d  in Eq ua t ion  C-  7. 
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Ap p e nd ix D. Me t hod  for Es t im a t ing t he  Pe rc e nt  Cha nge  in  
N2O Em is s ions  from  Soils  

Annual N2O emiss ions  were  ca lcula ted  for each c rop  and  p rac t ice  b y mult ip lying the  IEFs  d e rive d  in 
Sec t ion 3.2 b y the  tota l N for each c rop . To a lign with the  e s t imated  nat iona l ave rage , which only 
e s t imate s  N2O e miss ions  from synthe t ic  fe rt ilize r and  c rop  re s id ues , a ll othe r N sources  we re  
exc lud e d  from this  analys is .   

Ca lc u la t ing Rot a t ion  N Inp u t  
For eve ry MLRA, rotat ion, c rop , and  conse rvat ion p rac t ic e  c omb inat ion, DayCent 13 mod e le d  total soil 
nit rogen (N) values  in grams  N p e r me te r sq uare d  (m 2) for (1) synthe t ic  fe rt ilize r ap p lica t ion, (2) 
feed s tock c rop  re s id ue , and  (3) all sources  of N, inc lud ing ne t  mine ralizat ion, nit rogen d ep os it ion, and  
non- symb iot ic  soil N fixat ion.  Bec ause  DayCent  d oe s  not  p rovid e  the  N conte nt  of cove r c rop s , this  
value  is  infe rre d  for each p rac t ice  b y calculat ing the  change  in N from the  b ase line  va lue .  

Eq ua t ion  D-  1. Ca lc u la t e  c hange  in  Da yCe nt  Tot a l N a s  c om p a re d  t o  Tot a l N in  t he  b a s e line  

𝛥𝛥𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 −  �𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑗𝑗

0

 

 
Where : 
 
𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 Total sys te m nit roge n (N) inp ut  values  [g N/m 2] for the  BAU b ase line  and  fe e ds toc k 

c rop . This  value  is  p rovid e d  b y DayCe nt. 
𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Total sys te m nit roge n (N) inp ut  values  [g N/m 2] from all N sourc e s  for the  fe e ds toc k 

c rop . This  value  is  p rovid e d  b y DayCe nt. 
𝛥𝛥𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  d iffe re nce  b e twe e n p rac t ic e  and  base line  total sys tem nit roge n (N) [g N/m 2] for 

the  fe e ds toc k c rop . 

 
Ca lc u la t ing N2O Em is s ions  for Ea c h  Fe e d s t oc k Crop  
To e s t imate  to tal d ire c t  and  ind irec t  N₂O emiss ions  for each fe ed s tock, rotat ion, p rac t ice , and  MLRA, 
the  imp lied  emiss ion fac tors  (in kg N₂O p e r hec tare  of nit rogen ap p lie d , kgha_ N) are  mult ip lie d  b y 
the  tota l nit rogen inp ut . This  total nit rogen inc lud es  the  change  in tota l nit roge n sources  from the  
b ase line  sc enario, the  c rop  fe rt ilize r nit rogen, and  nit rogen from the  feed s tock c rop  lit te r.  

 
13 Only DayCent modeled manure application to soils. 
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D-  2. Ca lc u la t e  c rop - s p e c ific  d ire c t  a nd  ind ire c t  N2O 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

= �𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑁𝑁𝐶𝐶𝐶𝐶,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝛥𝛥𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  �
× 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 0.1 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

= �𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑁𝑁𝐶𝐶𝐶𝐶,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝛥𝛥𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  �
×  𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 0.1 

Where : 
 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Dire c t  N2O e miss ions  [kg N2O- N/ha] for the  rota t ion.  

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Ind ire c t  N2O e miss ions  [kg N2O- N/ha] for the  rota t ion.  

𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 N inp ut  in grams  N/m 2 from synthe t ic  fe rt ilize r ap p lic at ion for the  
fe e d s toc k c rop . This  value  is  p rovid e d  b y DayCe nt . 

𝑁𝑁𝐶𝐶𝐶𝐶,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  N value s  in grams  N/m 2 from fe e d s toc k c rop  res id ue . This  value  is  
p rovid e d  b y DayCe nt . 

𝛥𝛥𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  d iffe re nce  b e twe e n p rac t ic e  and  base line  total sys tem nit roge n 
(N) [g N/m 2] for the  fe e d s tock c rop . 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Imp lie d  e miss ions  fac tor for d ire c t  N2O. This  value  is  p rovid e d  b y 
DayCe nt . 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Imp lie d  e miss ions  fac tor for ind ire c t  N2O. This  value  is  p rovid e d  b y 
DayCe nt . 

0 .1 Conve rs ion fac tor for c onve rt ing from gm 2 to kgha. 

 
Aggre ga t ing N2O p e r He c t a re  Es t im a t e s  Ac ros s  Rot a t ions  
The  rotat ion- sp e c ific  N2O p e r unit  yie ld  was  aggrega ted  to d e te rmine  ave rage  N2O fac tors  p e r MLRA, 
c rop , and  conse rvat ion sc enario. This  aggregat ion c ons id e rs  how freq uent ly e ach rota t ion oc curs  
within the  MLRA. 

DayCent  outp uts  the  area p rop ort ion of the  tot al MLRA area that  is  c rop p ed  in each of the  10  
rep re sentat ive  c rop  rotat ions  (RProtat ion,MLRA). Ad d it ionally, DayCent  p rovid es  the  freq uency of the  
feed s tock c rop  ve rsus  any “othe r c rop ” within each rotat ion for each MLRA (CPc rop ,rotat ion,MLRA). In 
com b inat ion, the se  two variab le s  d e t e rmine  how much of an MLRA’s  c rop  p rod uc t ion is  a t t rib ute d  to  
one  rota t ion ve rsus  anothe r. 

Eq ua t ion  D-  3. Ca lc u la t ion  for t he  p ort ion  of t he  MLRA's  c rop  p rod uc t ion  from  e a c h  ro t a t ion  

𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
𝑅𝑅𝑅𝑅 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

∑ (𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)𝑖𝑖
0

 

Where : 
 
𝑖𝑖  The  #  of rota t ions  in the  MLRA that  inc lud e  the  fe e ds toc k c rop . 
𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀  The  p rop ort ion of an MLRA’s  c rop  p rod uc t ion that  is  a t t ributab le  to a  sp e c ific  c rop  

rota t ion. 
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𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 The  p rop ort ion of the  are a  e ac h c rop  rota t ion re la t ive  to the  tota l s imulate d  are a in each 
MLRA. This  value  is  p rovid e d  b y CSU. 

𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 The  ave rage  p rop ort ion of annual are a  of the  fe e ds toc k c rop  and  any "Othe r" c rop /s ilage  
in the  rota t ion. This  value  is  p rovid e d  b y DayCe nt . 

 
The  c rop - sp e c ific  d irec t  and  ind irec t  N2O is  then mult ip lied  b y the  p rop ort ion of area cove re d  b y 
each c rop  (sp a t ial) and  the  c rop  fre q uency (te mp oral) within the  rota t ion. This  p rovid ed  the  c rop -
sp ec ific  d irec t  and  ind ire c t  N2O, ac count ing for sp at iote mp oral variab ility within rotat ions . 

Eq ua t ion  D-  4 . Aggre ga t e  ro t a t ion  d ire c t  a nd  ind ire c t  N2O yie ld  b y MLRA 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝐶𝐶 × 𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝐶𝐶 × 𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 
 
Where : 
 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Dire c t  N2O e miss ions  [kg N2O- N/ha] for the  rota t ion. This  is  c alcula te d  in 

Eq uat ion D-  2. 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Ind ire c t  N2O e miss ions  [kg N2O- N/ha] for the  rota t ion. This  is  c alc ula te d  

in Eq uat ion D-  2. 

𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 The  p rop ort ion of an MLRA’s  c rop  p rod uc t ion that  is  a t t ributab le  to a  
sp e c ific  c rop  rota t ion. 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Dire c t  N2O [kg N2O- N/unit  yie ld ] for the  c onse rvat ion sc e nario 
aggre gate d  b y c rop  and  MLRA. 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Ind ire c t  N2O [kg N2O- N/unit  yie ld ] for the  c onse rvat ion scenario 
aggre gate d  b y c rop  and  MLRA. 

 

Ac c ount ing for Im p a c t s  o f Yie ld  Cha nge s  from  Cons e rva t ion  Pra c t ic e  Ad op t ion   
In ad d it ion to affec t ing N2O emiss ions , conse rva t ion p rac t ice  ad op t ion can a lso affec t  c rop  yie ld s . 
Crop , rotat ion, and  MLRA- sp ec ific  yie ld  were  e s t im ated  b ased  on mod e led  gra in yie ld  in g C/m ². The  
following e q uat ion was  used  to  conve rt  yie ld s  from g C/m ² to  b u/ha. This  eq uat ion is  id ent ical to 
Eq ua t ion  C-  5  use d  in the  SOC ca lculat ion.  

Eq ua t ion  D-  5 . Da yCe nt  Yie ld  Conve rs ion  

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = (
(𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝐵𝐵𝐵𝐵)

�1 −𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�
) ÷ (𝑔𝑔_𝑡𝑡𝑡𝑡_𝑙𝑙𝑙𝑙 × 𝑚𝑚2_𝑡𝑡𝑡𝑡_ℎ𝑎𝑎) ÷ 𝐿𝐿𝐿𝐿_𝑡𝑡𝑡𝑡_𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

Where : 
 
𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  c rop  grain yie ld  [g C/m 2] for the  c onse rvat ion sc e nario. This  value  is  

p rovid e d  b y DayCe nt . 
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  The  c rop  grain yie ld  [b u/ha] for the  rota t ion and  c onse rvation sc e nario. 
𝐵𝐵𝐵𝐵 The  assume d  b iomass  c arb on p e rc e ntage  (45%) of d ry mat te r (Kwon 

5 /29 /20 25).  
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𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 The  assume d  mois ture  c ontent  for e ac h mod e le d  fe e d s toc k c rop  grain, 
p rovid e d  b y ANL (Kwon 5 /29 /20 25). The  mois ture  c onte nt  as sump t ions  are  as  
follows : canola  (8 .5%), c orn (15 .5%), sorghum (14%), soy (13%).  

𝑔𝑔_𝑡𝑡𝑡𝑡_𝑙𝑙𝑙𝑙 Conve rs ion fac tor from gram s  to p ound s . 1 lb  = 453.59  g. 
𝑚𝑚2_𝑡𝑡𝑡𝑡_ℎ𝑎𝑎 Conve rs ion fac tor from m 2 to  he c tare . 1 he c tare  = 10 ,0 0 0  m 2. 
𝐿𝐿𝐿𝐿_𝑡𝑡𝑡𝑡_𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 Crop - sp e c ific  fac tor from p ound s  to b ushe l. 1 b ushe l of c orn or sorghum = 56  

lb s ; 1 b ushe l of soyb eans  = 6 0  lb s ; 1 b ushe l of canola  = 50  lb s . 

 

Because  the  c rop  yie ld s  are  mod e led  to b e  sp e c ific  t o a  c rop  rotat ion, the y nee d  to b e  aggregate d  
for each MLRA. This  p roce ss  is  the  same  for b oth SOC and  N2O. Eq ua t ion  D-  6  is  the  same  as  
Eq ua t ion  C-  6  in the  SOC sec t ion. 

Eq ua t ion  D-  6 . Aggre ga t e  ro t a t ion  c ha nge  in  c rop  yie ld  b y MLRA 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = �(𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 𝐶𝐶𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)
𝑖𝑖

0

 

Ca lc u la t ing Pe rc e n t  Cha nge  in  N2O Em is s ions  Be t we e n  Ba s e line  a nd  Cons e rva t ion  Sc e na rios    
Similarly to d SOC changes  from conve rsat ion p rac t ice  ad op t ion, the  change  in N2O e miss ions  from 
p rac t ice  ad op t ion was  e s t imate d  b y sub t rac t ing the  BAU b ase line  from a given conse rva t ion 
p rac t ice  sc enario. Howeve r, unlike  how d SOC changes  were  e s t imated , changes  in N2O emiss ions  
form p rac t ice  ad op t ion were  then d ivid ed  b y the  BAU b ase line  emiss ions  to e s t imate  a  p e rc ent  
change  in emiss ions  that  was  then ap p lie d  to the  e s t imated  nat ional ave rage  N2O emiss ions . This  
s tep  was  necessary to ensure  that  the  USDA FD- CIC tool was  cons is tent  with the  e s t imated  nat ional 
ave rage .  

D-  7. Cha nge  in  d ire c t  a nd  ind ire c t  N2O e m is s ions  from  c ons e rva t ion  p ra c t ic e  a d op t ion  

% 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂 =  
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
 

% 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂

=  
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
 

Where :  
 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Dire c t  N2O [kg N2O- N/unit  yie ld ] for the  c onse rvat ion sc e nario 

aggre gate d  b y c rop  and  MLRA. 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Ind ire c t  N2O [kg N2O- N/unit  yie ld ] for the  c onse rvat ion scenario 

aggre gate d  b y c rop  and  MLRA. 
% 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑁𝑁2𝑂𝑂 % d iffe re nc e  in Dire c t  N2O [kg N2O- N/ha/unit  yie ld ] be twe e n the  

c onse rvat ion the  base line  (curre nt  p rac t ic e  ad op t ion) sce narios .  
% 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁2𝑂𝑂 % d iffe re nc e  in Ind ire c t  N2O [kg N2O- N/ha/unit  yie ld ] b e twe e n the  

c onse rvat ion and  the  b ase line  (c urre nt  p rac t ic e  ad op t ion) 
sc e narios . 
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Ap p e nd ix E. Me t hod s  for Es t im a t ing Cha nge  in  Fue l Us e  

Change  in fue l consump t ion re sult ing from ad op t ion of low- carb on p rac t ic e s  was  e s t imate d  as  a  
p e rc entage  change  from the  BAU b ase line  for each feed s tock c rop  and  rot at ion. Fue l use  for c rop  
rotat ions  were  aggregate d  to d eve lop  a  we ighte d  ave rage  fue l use  rate  for eac h feed s tock c rop , 
MLRA, and  p rac t ice . 

Es t im a t ing Fue l Us e  Change s  Re s u lt ing from  Ad op t ion  of Cons e rva t ion  Pra c t ic e s  
Conse rvat ion p rac t ice  ad op t ion was  assumed  to im p ac t  b ase line  fue l use  if ad op t ion of a  sp ec ific  
conse rva t ion p rac t ic e  inc lud ed  changes  to  one  or m ore  of the  following variab le s : 

1. Tillage  p rac t ice  use d  

2. Cover c rop  ad op t ion 

3. Numb e r of t imes  fe rt ilize r is  ap p lie d  

Us ing these  c rit e ria , it  was  as sumed  that  ad op t ing any of the  following conse rvat ion p rac t ice s  (e ithe r 
alone  or in comb inat ion with othe r p rac t ice s ) would  re sult  in fue l use  changes : 

• ccR (cove r c rop  ad op t ion) 
• RT (red uc ed  t illage ) 
• NT (no- t illage ) 
• NTRT (no- t ill with red uc ed  t ill once  eve ry 5  years ) 
• NTIT (no- t ill with intens ive  t ill once  eve ry 5  years ) 

Us ing the  same  c rit e ria , it  was  as sumed  that  ad op t ion of the  following conse rvat ion p rac t ice  would  
not  affec t  fue l use  re lat ive  to b ase line : 

• NI (nit rific at ion inhib itor) 
For p rac t ice s  whe re  ad op t ion was  assumed  to im p ac t  fue l use , the  imp ac t  was  e s t imate d  b y 
mult ip lying the  sp ec ific  fue l imp ac ts  b y the  numb e r of ac re s  whe re  the  p rac t ic e  was  ad op ted . 

Sp ec ific  fue l use  rat e s  for each c rop  and  p rac t ic e  are  inc lud e d  in Tab le  8 . Base line  ad op t ion rat e s  for 
cove r c rop  ad op t ion, t illage , and  no- fe rt ilizat ion use  were  p rovid ed  b y the  DayCent  mod e l. Similar to 
the  p rocess  for SOC and  N2O, c rop  rotat ions  were  aggregate d  to gene ra te  a  s ingle  we ighted  ave rage  
fue l use  rate  for each feed s tock c rop , MLRA, and  p rac t ic e  b y us ing the  c rop  p rop ort ions  and  rotat ion 
p rop ort ions  p rovid ed  b y DayCent . 

Es t im a t ing Ba s e line  Fue l Us e  
Base line  c rop , MLRA and  rotat ion- sp ec ific  t illage  fue l use  was  e s t imated  as  follows : 
 

Eq ua t ion  E-  1. Fue l us e  from  t illa ge  p ra c t ic e s  

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 
= �𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑙𝑙𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼�

+  �𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑁𝑁𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑙𝑙𝑁𝑁𝑁𝑁�

+  �𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∗ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑙𝑙𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� 
Where :  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 Fue l use d  for t illage  p rac t ice s  [gal/ac re ]. 
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𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 Frac t ion of are a  d e d ic ate d  to full- t ill p rac t ic es . 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑁𝑁𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Frac t ion of are a  d e d ic ate d  to no- t ill p rac t ic es . 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  Frac t ion of are a  d e d ic ate d  to re d uc e d  t ill p rac t ice s . 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑙𝑙𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼  Rate  of fue l use  for inte ns ive  t ill p rac t ic e s  [gal/ac re ]. 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑙𝑙𝑁𝑁𝑁𝑁  Rate  of fue l use  for no- t ill p rac t ic e s  [gal/ac re ]. 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑙𝑙𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  Rate  of fue l use  for re d uc e d  t ill p rac t ic e s  [gal/ac re ]. 

 
Base line  c rop , MLRA, and  rotat ion- sp ec ific  fue l use  for cove r c rop  use  was  e s t imate d  as  follows : 
 

Eq ua t ion  E-  2. Fue l us e  from  c ove r c rop  p ra c t ic e s  

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  𝐶𝐶𝐶𝐶𝑃𝑃𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ∗ (𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∗ 𝐶𝐶𝐶𝐶𝑐𝑐ℎ𝑒𝑒𝑒𝑒) 
Where : 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶  Fue l use  from c ove r c rop  p rac t ic e s  [gal/ac re ]. 
𝐶𝐶𝐶𝐶𝑃𝑃𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝   % of ac re s  that  have  c ove r c rop  ad op t ion. 
𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   Rate  of fue l use  for see d ing [gal/ac re ]. 
𝐶𝐶𝐶𝐶𝑐𝑐ℎ𝑒𝑒𝑒𝑒   Rate  of fue l use  use d  for c hemic al te rminat ion [gal/ac re ]. 

 

Base line  c rop , MLRA, and  rotat ion- sp ec ific  fue l use  for fe rt ilize r ap p licat ion was  e s t imate d  as  follows : 
 

Eq ua t ion  E-  3 . Fue l us e  from  fe rt ilize r a p p lic a t ion  

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 
=   �𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  ⋅ 2 ⋅ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ⋅ �(1 − 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹)�

+ �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ⋅ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ⋅ (1 − 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹)�� 
Where : 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈  Total fue l use d  from fe rt ilize r ap p lic at ion p roc ess  [gal/ac re ]. 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 % of ac re s  whe re  two fe rt ilize r ap p lic at ion p asse s  are  made . 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  % of ac re s  whe re  one  fe rt ilize r ap p lic at ion is  mad e  e ithe r in fa ll or sp ring. 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹   Rate  of fue l use  p e r pass  [gal/ac re ]. 
𝐹𝐹𝐹𝐹𝐹𝐹𝑐𝑐𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈   Frac t ion of land  with no fe rt ilize r ap p licat ion. 

Scenarios  with 2 fe rt ilize r p asse s :  
Eq ua t ion  E-  4 . Fe rt ilize r us e  in  s c e na rios  wit h  t wo p a s s e s  

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 = 2 ∗ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ∗ (1 − 𝐹𝐹𝐹𝐹𝐹𝐹𝑐𝑐𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈) 
Where : 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈  Total fue l use d  from fe rt ilize r ap p lic at ion p roc ess  [gal/ac re ]. 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹   Rate  of fue l use  p e r pass  [gal/ac re ]. 
𝐹𝐹𝐹𝐹𝐹𝐹𝑐𝑐𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈   Frac t ion of land  with no fe rt ilize r ap p licat ion. 

 
Base line  c rop , MLRA, and  rotat ion- sp ec ific  fue l use  for comb ine  harves t ing was  e s t imate d  as  follows : 
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Eq ua t ion  E-  5 . Com b ine  ha rve s t ing fue l us e  fo r s orghum  

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑢𝑢𝑢𝑢

=
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

2
 

Where : 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 Ap p roximate  ra te  of fue l use  to harve s t  c orn [gal/ac re ]. 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   Ap p roximate  ra te  of fue l use  to harve s t  soyb eans  

[gal/ac re ]. 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑢𝑢𝑢𝑢   Ap p roximate  ra te  of fue l use  to harve s t  sorghum, p roxy 

value  b ase d  on ave rage  of c orn and  soyb e an ra te s 
[gal/ac re ]. 

 
Base line  c rop , MLRA, and  rotat ion- sp ec ific  tot al b ase line  fue l use  was  e s t imated  as  follows : 

Eq ua t ion  E-  6 . Tot a l fue l us e  

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑢𝑢𝑢𝑢𝑢𝑢 =  𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 +  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 +  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈 
+ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

Where : 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈  Fue l use d  for t illage  p rac t ice s  [gal/ac re ]. 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 Fue l use  from c ove r c rop  p rac t ic e s  [gal/ac re ]. 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈  Total fue l use d  from fe rt ilize r ap p lic at ion p roc ess  [gal/ac re ]. 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑈𝑈𝑈𝑈𝑈𝑈   Total fue l use d  from a  s ingle  p e s t ic id e  pass  [gal/ac re ]. 
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Ap p e nd ix F. Out lie r Ana lys is  a nd  Proxy Va lue s  

A mult i- s te p  p roc ess  was  followed  to re move  out lie r re sult s  from the  DayCent  re sult s . The  m e thod  
for id ent ifying and  e limina t ing out lie r values  is  d e sc rib ed  b e low. 
 

1) MLRA d ata p oints  we re  re moved  from the  d atase t  if the ir b ase line  d SOC/b u value  fe ll outs id e  
two s tand ard  d evia t ions  of the  mean. Tab le  F- 1 shows  the  numb er of MLRAs e liminated  for 
each fee d s tock. 

Table  F- 1. Summary of Re move d  MLRAs 

Crop  Count  of MLRAs  

Corn 8  

Soyb eans  7 

Sorghum  3 

Sp ring canola  1 

 
2) For remaining MLRAs (those  within two s tand ard  d e viat ions ), a  mean and  s tand ard  d eviat ion 

for each c rop  and  p rac t ic e  d SOC/b u, p e rc ent  change  in d irec t  and  ind ire c t  N2O, d irec t  and  
ind irec t  N2O IEFs , and  p e rcent  change  in fue l use  values  were  ca lculate d . MLRAs which had  
values  outs id e  of 2 s tand ard  d e viat ions  of the  mean for that  c rop , p rac t ice , and  CI at t rib ute  
were  rep lace d  with the  value  at  two s tand ard  d eviat ions .  

3) For out lie r MLRAs re move d  in s tep  1, p roxy va lues  were  d e rived  as  d esc rib ed  b e low. 
 

De ve lop ing d SOC a nd  N2O Proxie s  for Out lie r MLRAs  a nd  MLRAs  Wit hou t  Da t a  
NASS p rod uc t ion d a ta  for corn, soy, sorghum, or canola ove r the  p as t  five  years  was  used  to 
d e te rmine  which MLRAs should  b e  as s igned  CI score s  for b iofue l feed s tock p rod uc t ion in USDA FD-
CIC. When the  MLRAs with NASS p rod uc t ion d a ta  we re  c omp are d  to those  with DayCent - mod e led  
values  for SOC and  N₂O, three  d iffe rent  comb inat ions  were  ob se rve d :  

1) The  MLRA had  b oth NASS p rod uc t ion d ata  and  m od e le d  DayCent  va lues . In the se  case s , the  
values  were  ke p t . In case s  whe re  va lues  had  b e en d rop p e d  as  p art  of the  out lie r analys is  (as  
d esc rib ed  in s te p  1, ab ove ), USDA d eve lop e d  the  p roxy va lues  us ing the  me thod  d esc rib e d  
b e low.  

2) The  MLRA had  mod e led  N2O and  SOC values  from DayCent  b ut  no NASS p rod uc t ion. In the se  
case s , the  MLRAs were  d rop p e d .  

3) The  MLRA had  NASS p rod uc t ion d ata  b ut  no m od e led  N2O and  SOC values  from DayCent . In 
many cases  no mod e led  values  were  p re sent  for an MLRA b ec ause  the re  were  too few NRI 
p oints  in an MLRA and  the  mod e l re sult s  we re  m asked  for d ata  p rivacy. In the se  case s , the  
p roxy m e thod  (d esc rib e d  b e low) was  used  to gene rate  va lues  for the  MLRA.  
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For a ll miss ing MLRAs (i.e ., MLRAs that  we re  d rop p e d  as  p art  of the  out lie r analys is  and  MLRAs where  
NASS p rod uc t ion d a ta  e xis t  b ut  which have  no m od e le d  SOC or N2O va lues ), ave rage  va lues  for 
d SOC/b u, p e rcent  change  N₂O, and  fue l use  p e rcent  change  were  ap p lied  b as ed  on the  Land  
Resourc e  Region (LRR) in which each MLRA is  locate d  (USDA 20 22b ). Each MLRA was  map p e d  to one  
of the  28  uniq ue  LRRs . Challenges  with a  lack of d at a  are  le s s  p e rt inent  at  the  LRR- le ve l s ince  the y 
encom p ass  a  wid e r geograp hic  area than MLRAs. This  same  p rocess  was  also cond uc ted  for the  N2O 
IEFs  d es c rib e d  in sec t ion 3.3. In tot al, p roxy va lues  were  d eve lop ed  for 73 uniq ue  MLRAs. In ad d it ion, 
p roxy va lues  were  used  for the  19  MLRAs that  we re  s t ruck as  p art  of the  out lie r analys is  (d esc rib ed  
ab ove ). Note  that  d at a  we re  availab le  for the  majority of canola, c orn, sorghum, and  soyb eans  
p rod uc t ion areas . See  Tab le  F- 2 b e low for a  sp ec ific  b reakd own of the  share  of d ata  availab le , 
p roxied , and  not  inc lud e d  in USDA FD- CIC, and  Figure s  F1- F4 that  show d ata availab ility map p ed  
ac ross  all MLRAs and  c rop s  inc lud ed  in USDA FD- CIC. 
 

Tab le  F- 2: Data availab ility, p roxy d ata, and  d ata  not  inc lud e d  for e ac h c rop  in USDA FD- CIC1 

St a t us  Ca nola  Corn  
gra in  

Sorghum  
gra in  

Soyb e a ns  

Data availab le  9 7.29 % 9 9 .13% 9 9 .83% 9 9 .43% 

Proxied  2.19 % 0 .84% 0 .11% 0 .56 % 

Not  inc lud ed  in USDA FD- CIC 0 .52% 0 .0 3% 0 .0 6 % 0 .0 0 % 

Gra nd  Tot a l 10 0 % 10 0 % 10 0 % 10 0 % 

 
1 Please  note  that  for c anola, the  tab le  shows b oth sp ring and  winte r c anola p rod uc t ion b ecause  NASS, which is  the  source  for 
that  d ata, does  not  d is t inguish be tween those  canola typ es . Based  on a geograp hic  analys is , many of the  MLRAs  not  inc lud ed  
in USDA FD- CIC are  like ly to p rod uce  winte r canola. 
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Figure  F1: Corn Data Availab ility and  Prod uc tion by MLRA 

 
 
 
 
Figure  F2: Soybe an Data Availab ility and  Prod uc tion by MLRA 
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Figure  F3: Sorghum Data Availab ility and  Prod uc tion by MLRA 

 
 
 
 
Figure  F4: Canola Data  Availab ility and  Prod uc tion by MLRA2 

 
2 Please  note  that  for c anola, the  map  shows b oth sp ring and  winte r c anola p rod uc t ion b ecause  NASS, which is  the  source  for 
that  d ata, does  not  d is t inguish be tween those  canola typ es . Based  on a geograp hic  analys is , many of the  MLRAs  not  inc lud ed  
in USDA FD- CIC are  like ly to p rod uce  winte r canola. 
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