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1. Int rod uc t ion 

Deve lop ment  of rob us t  agricultura l gre enhouse  gas  (GHG) e miss ions  and  seq ues t rat ion inventorie s  req uire s  
me t iculous  se lec t ion of ap p rop riate  ac t ivity d a ta , e miss ions  fac tors , tools , and  mod e ls  in ord e r to rea lis t ic ally 
re fle c t  the  imp ac t  of regional variat ion and  p rac t ic e  imp lem entat ion. This  task is  p art icula rly c ruc ia l when the  
ob je c t ive  is  to monitor changes  in emiss ions  and  seq ues t rat ion ove r t im e  and  q uant ify the  b ene fit s  of 
conse rva t ion p rac t ic e  ad op t ion.  

This  rep ort  e valuate s  the  exis t ing Verm ont  Gre enhouse  Gas  Emiss ions  Inventory and  Fore cas t , e xis t ing GHG 
account ing tools , and  d a tase ts  to ult imate ly offe r rec om mend at ions  for op t imizing GHG inventory p rac t ic e s  
within Verm ont 's  agricultural se c tor. To achie ve  this  ob je c t ive , the  rep ort  is  s t ruc tured  into s even main 
sec t ions , and  ap p end ic es , e ach c ont rib ut ing to the  ove rarching goal of re fining GHG ac count ing 
me thod ologie s .  

The  sources  of agricultural GHG e miss ions  were  c ons id e red  d uring this  review p roc ess  to id ent ify the  larges t  
op p ortunit ie s  for enhance d  rep ort ing. In 20 20 , Ve rm ont’s  agricultural inventory p rofile  inc lud ed  48% of all 
emiss ions  from ente ric  fe rmentat ion, 26 % from manure  manage ment , 23% from managed  agricultura l soils , 
and  2% from liming and  urea fe rt ilizat ion. Carb on fluxes  also occurred  from agricultural soils  from c rop land  
and  managed  grass land . Due  to Vermont’s  large  d airy marke t , it  was  noted  tha t  a  cons id e rab le  p ort ion of 
agricultura l GHG e miss ions  re sult  from lives tock husb and ry, p art icularly from the  ente ric  fe rmentat ion and  
manure  managem ent  cat e gorie s , as  op p osed  to e miss ions  from agricultura l soils  and  c rop  p rod uc t ion.  
These  cons id e rat ions  were  integrat ed  into the  revie w of tools , ac t ivity d a ta , and  othe r inventory 
com p onents . 

A p rimary cons id e ra t ion in this  analys is  is  the  p ivota l role  of c onse rvat ion p rac t ice s , often re fe rred  to as  
c limate - smart  agricultura l p rac t ice s , in mit iga t ing GHG e miss ions  and  enhanc ing carb on seq ues t rat ion in the  
agricultura l sec tor. Re cognizing the  mult itud e  of p rac t ic e s  and  the ir varying d e finit ions , the  rep ort  p rovid es  a  
com p rehens ive  ove rview of the se  p rac t ice s , the ir d e finit ions , and  the  p otent ial c limate  change  imp ac ts  
as soc iated  with the ir ad op t ion. This  sec t ion is  la t e r used  in the  eva luat ion of t ools  for the  Inte rgove rnm e ntal 
Pane l on Climate  Change  (IPCC) Agriculture  cat egory to d e te rmine  the  m os t  ap p rop riat e  tool t o q uant ify 
GHG e miss ions /seq ues t ra t ion for each cat egory. 

The  sub seq uent  sec t ion d e lves  into a  d e tailed  exam inat ion of exis t ing agricultural tools  and  mod e ls  availab le  
for gene ra t ing GHG inventorie s , with a  focus  on the ir comp at ib ility with Ve rmont 's  ob je c t ive s , ad he renc e  to 
IPCC Guid ance  for the  Agriculture , Fore s t ry, and  Othe r Land  Use  (AFOLU) se c tor, e ase  of use , com p le teness , 
and  ab ilit y to acc ount  for the  imp ac ts  of managem e nt  p rac t ice s  in the  State  of Ve rmont . 

Moreove r, the  rep ort  offe rs  ins ights  into availab le  ac t ivity d ata  sourc es  that  c ould  b ols te r Ve rm ont 's  
agricultura l GHG inventory, highlight ing b oth s t rengths  and  limitat ions . Rec om mend at ions  p e rtaining to d ata  
sourc ing and  p otent ial are as  for furthe r re search are  also p rovid ed . 

Furthe r, e miss ion source - sp ec ific  reviews  are  c ond uc ted  to p rop ose  inventory enhancem ents , inc lud ing 
sugges t ions  for re fined  ac t ivity d ata  colle c t ion and  mod e l ut ilizat ion. These  re com mend at ions  are  d e rived  
from a comp rehens ive  review of exis t ing inventorie s , as se ssed  agains t  the  U.S. Environmenta l Prote c t ion 
Agency’s  (EPA) Stat e  Inve ntory Tool (SIT) mod ule s , IPCC guid e lines , and  availab le  ac t ivity d ata . 
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Las t ly, a ll analyses  and  re c om mend at ions  are  synthe s ized  into final conc lus ions , p rovid ing a  road map  for 
Ve rmont  to enhance  it s  agricultura l GHG inventory p rac t ice s . Through this  s t ruc tured  ap p roach, the  rep ort  
a ims  to sup p ort  Ve rmont  in it s  p ursuit  of accurate  and  informed  GHG acc ount ing, fac ilita t ing e ffec t ive  
c limate  ac t ion within the  agricultura l sec tor.  

2. Manage m e nt  Prac t ic e s  

Seve ral agricultural conse rvat ion p rac t ice s  that  are  c om monly imp le mented  in the  Stat e  of Ve rmont  we re  
as se ssed  to id ent ify the  p rac t ice s ’ e ffec t  on c limate  change  mit iga t ion. Based  on the  current  Ve rmont  GHG 
inventory, the  lis t  of c limate  smart  p rac t ic e s  current ly ad op te d  in Ve rm ont  and  the  c limate  mit igat ion 
p otent ia l of e ach of the  p rac t ic e s , ICF ranked  the  p rac t ic e s  in ord e r of the  mos t  to leas t  use ful in red uc ing 
Vermont’s  agricultural GHG emiss ions . The  p rac t ice  name , the  d e finit ion of each p rac t ic e , and  the  c limate  
change  imp ac t  of each p rac t ic e  is  p rovid e d  in Ap p e nd ix 7.1 

3. Mod e l and  Tool Re vie w 

Seven agricultura l GHG q uant ificat ion tools  and  two agricultura l GHG m od e ls  as  we ll as  one  s e t  of 
d isaggregate d  s tat e - le ve l inventory re sult s  we re  reviewed  for the  Agency of natural Resourc es  (ANR), 
through d irec t  tool use  whe re  p oss ib le , and  a  lit e rature  re view of re levant  lite ra ture  and  tool use r re sourc es  
(e .g., guid es ). Assessment  of the  tools  inc lud ed  ente ring realis t ic  te s t  d a ta  and  gene rat ion of emiss ion 
re sult s . The  p rimary p urp ose  of te s t ing tools  in this  way was  to as se ss  the ir ab ility to e s t imate  GHG im p ac ts  
from various  manage ment  p rac t ice s  that  might  b e  of inte re s t  to the  Sta te  of Ve rm ont  and  d e te rmine  how 
these  e s t imate s  m ay b e  incorp orat ed  into an offic ial inventory rep ort  as  the  b as is  for emiss ion mit igat ion 
s t rategy d e ve lop ment  and  re la ted  d e c is ion making. 

The  following tools , m od e ls , and  mod e ling e fforts  we re  re viewe d :  

1. DeNit rifica t ion- DeComp os it ion (DNDC) mod e l,  

2. DAYCENT: Daily t imes tep  mod e l,  

3. APEX: Agricultural Policy /  Environmenta l eXtend e r,  

4 . Carb On Managem ent  & Emiss ions  Tool –  Planne r (COMET- Planne r),  

5 . Integrat ed  Farm Sys te ms  Mod e l (IFSM),  

6 . Holos ,  

7. United  Stat e s  Environm ental Prote c t ion Agency’s  State  Inventory Tool (SIT),  

8 . EX- Ante  Carb on- b alanc e  Tool  Farm  Ene rgy Analys is  Tool (EX- Ac t),  

9 . The  Farm Ene rgy Analys is  Tool (FEAT), and  

10 . The  s tate  leve l inventory d ata  from  the  U.S. EPA GHG Inventory of Sources  and  Sinks . 

 
1 All practice definitions are from the U.S. Department of Agriculture Natural Resources Conservation Service 
unless otherwise note (U.S. Department of Agriculture, n.d.).  
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The  following fac tors  we re  as se ssed : 

• Whethe r the  tool /  mod e l is  current : Pub lished  d ate  and  ongoing maintenance , 
• Mod e l typ e : From IPCC Tie r 3 p rocessed - b ased  mod e lling to Tie r 1 emiss ion- fac tor b ased  

calculat ions ; 
• Fit  for p urp ose : Regional s cale , scop e  of e miss ion sources , ab ilit y to  cap ture  the  e ffec ts  of 

managem ent  p rac t ice s  and  mit igat ion; 
• Comp le xity: Technica l e xp e rt ise  req uire d  and  leve l of e ffort  to use  tool /  mod e l; 
• Alignment  with IPCC: Me thod ology, p aram e te rs  and  EF's , and  ove rall leve l (Tie rs  1 –  3); 
• User exp e rience : Data and  othe r inp uts  re q uired , software /use r inte rfac e , and  outp uts ; 
• Cos t ; and  
• Use  among p e e rs . 

 

3 .1 Tool Com p arison 
3.1.1 Agric ultura l Polic y Environm e nta l e Xt e nd e r (APEX) 

De s c rip t ion : The  Agricultural Polic y eXtend e r (APEX) Mod e l is  d e s igned  for wate rshed  m anagem ent . APEX 
mod e ls  c arb on and  nit rogen cyc ling from the  wate rshed  manage ment  lens  howeve r was  not  d e s igned  with a  
p rimary ob je c t ive  of GHG es t imat ion and  only two GHGs are  s imulate d , CO2 and  N2O (Texas  A&M, n.d .). APEX 
s imulate s  weathe r, hyd rology, e ros ion and  sed im entat ion, nut rient  cyc ling, p e s t ic id e  fa te , c rop  growth, soil 
tem p era ture , t illage , p lant  growth d ynamics  and  e conomics . The  m os t  im p ort ant  of the se  p roc esse s  for 
inventorying p roc esse s  is  b iogeoche mica l (nut rient ) cyc ling. Nutrient  c yc ling is  mod e lled  us ing a  p roces s -
b ased  me thod . APEX d oes  req uire  inp ut  d ata  on manure  and  manure  manage ment  ac t ivit ie s , howeve r 
furthe r d ata  t rans format ion would  b e  req uired  to e s t imate  GHG emiss ions  from manure  manage ment  and  
manure  d ep os ite d  onto p as ture  b y grazing live s toc k. Ad d it ionally, APEX re q uire s  inp ut  d ata  on live s tock 
p op ula t ion, typ e  and  som e  manage ment  p rac t ic e s  such as  grazing, howeve r d oes  not  e s t imate  GHG 
emiss ions  from ente ric  fe rmentat ion (not  the  ob je c t ive  of the  mod e l) and  it  is  highly like ly furthe r d ata  
colle c t ion and  comp ila t ion would  b e  ne ed ed  in ad d it ion to d a ta  t rans format ion to gene ra te  e s t imate s  of CH4 
from ente ric  fe rmentat ion, which would  b e  d one  outs id e  the  APEX m od e l (e .g., in anothe r sp read shee t  or 
GHG es t imat ion tool).   

Carb on c yc ling re lat ive  to nit rogen in soils  is  b ased  on the  soil organic  mod e l d eve lop ed  for the  
Environmenta l Polic y Integrated  Clim ate  (EPIC) mod e l. Williams  e t  a l., (20 23) highlight  some  key d iffe renc es  
for carb on and  nit rogen c yc ling com p ared  to the  CENTURY mod e l, which is  the  found at ional mod e l for 
DAYCENT, inc lud ing of le aching eq uat ions  in APEX to s imulat e  nut rient  t rave l t o sub surface  laye rs , use  of 
EPIC to calculat e  t em p era ture  and  wate r c ont rols , omiss ion of a  p ass ive  c om p artm ent  for surface  lit t e r 
frac t ion which is  inc lud e d  in CENTURY, and  lignin content  m od e lling. 

The  following d irec t  N2O s ources  are  m od e lled  as  one  N2O outp ut  (re q uiring furthe r d a ta  p roc ess ing for IPCC 
alignment):  

• N2O from nit rific at ion and  d enit rific at ion p rocesse s  of ove rall N soil inp uts , inc lud ing c rop  re s id ues , 
fe rt ilize r (organic  and  inorganic ) and  

• N2O from N mine ralizat ion. 
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Alignm e nt  wit h  IPCC a nd  Re p ort ing Tie r: Denit rific a t ion in APEX is  a  func t ion of tem p erature  and  soil wate r 
content . N2O cannot  b e  ap p ort ioned  to sp e c ific  e m iss ion source  categorie s  as  d e fined  b y the  IPCC (e .g., 
a t t rib ute d  to  ap p lica t ion of synthe t ic  fe rt ilize r as  op p osed  to organic  /  manure  fe rt ilize r ap p licat ion, e t c .). A 
s imilar me thod  used  to  ap p ort ion N2O to the  re sp ec t ive  IPCC e miss ion source  categorie s  as  is  used  for 
DAYCENT m od e lling in the  U.S. Nat ional GHG Inventory c ould  the ore t ica lly b e  used  for APEX, howeve r, c ould  
b e  p rob le mat ic  as  d iffe rent  locat ion and  manage me nt  sys tem d a ta  in inp ut  into each mod e l, and  so 
navigat ion of the  a llocat ion of emiss ions  ac ross  IPCC source  would  b e  hand le d  s light ly d iffe rent ly. 
Ad d it iona lly, ind irec t  N2O from leaching and  volat iliza t ion p rocesse s  are  e s t imated . Like  d ire c t  N2O, this  
would  not  b e  at t rib utab le  to sp e c ific  IPCC emiss ions  source  categorie s . APEX was  not  d e s igned  to  e s t im ate  
GHG e miss ions , and  carb on and  nit rogen cyc ling mod e lling d oes  not  p rovid e  e s t imate s  of GHG e miss ions  
as soc iated  with each IPCC agriculture  e miss ion source . With furthe r p rocess ing of mod e l outp uts , the se  as  
they are  b ased  on p roces s  b ased  m od e lling, c ould  b e  c ons id e re d  Tie r 3 e s t imate s  howe ve r the  e s t im ate s  
would  b e  incomp le te  as  APEX d oes  not  m od e l CH4 e miss ions  from manure  management , ente ric  
fe rmenta t ion, or rice  cult ivat ion (not  re le vant  for Ve rmont), and  the  live s tock s ources  are  ke y agricultural 
emiss ion sources  for Ve rmont .  

Cos t : APEX is  free . 

Sc a le : APEX op e rate s  on a  d aily t im es tep  and  can b e  used  inte rnat iona lly. 

Us e : The  p rimary uses  of APEX have  b e en for d airy cat t le  sys te m wate rshed  managem ent  (Williams  e t  a l., 
20 23). 

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : Management  p rac t ic e  inp uts  for APEX inc lud e  
irrigat ion typ e , d rainage , inc lus ion of b uffe r s t rip s , te rraces , wate rway managem ent , fe rt ilizat ion p rac t ic e s , 
manure  managem ent , lagoons , re se rvoirs , c rop  rot at ion and  se le c t ion, p e s t ic id e  ap p lica t ion, grazing, and  
t illage  (Williams  e t  a l., 20 23). 

Ot he r Cons id e ra t ions : APEX d oes  not  mod e l key agricultura l CH4 e miss ion sources  inc lud ing CH4 from 
ente ric  fe rmentat ion and  manure  managem ent . Ap e x is  free ly availab le  and  e xtens ive  use r re sources  a re  
availab le .  

APEX s um m a ry re m a rks : APEX e miss ion categorie s  are  not  a ligned  with the  IPCC emiss ions  source  
categorie s , and  it  may b e  p rob le mat ic  to c rosswalk b e twe en APEX outp uts  and  IPCC emiss ion source  
categorie s . Furthe r, APEX d oes  not  mod e l key agricultural CH4 emiss ion source s . If ANR would  like  to align 
s tate  leve l rep ort ing with IPCC guid ance , APEX is  not  the  b es t  mod e l of those  reviewe d  to  achie ve  this  
ob je c t ive . Howe ve r, APEX p rovid es  uniq ue  ins ight  into nut rient  cyc ling re la t ive  to fre shwate r manage ment , 
and  ANR might  jus t ify it s  use  b ec ause  of othe r mod e lling outp uts . At  the  ve ry leas t , APEX cannot  b e  used  in 
isolat ion to gene ra te  s tat e  leve l agricultural GHG e miss ions  e s t imate s .  

3.1.2 COMET- Planne r 
Note  –  Much of this  mode l review was  pe rformed  on Vers ion 3.0  of COMET- Planne r. In Dece mber 20 23, 
Ve rs ion 3.1 was  re leas ed , which inc ludes  “major changes  to Woody Plantings  s ys tem typ es  and  woody 
b iomas s  carbon e mis s ion reduc tion e s t imate s .” It  implemented  a  new es t imation me thod  bas e d  on 
guidance  from the  up date d  Quantifying Greenhous e  Gas  Fluxes  in Agriculture  and  Fore s try: Me thods  for 
Entity‐Scale  Inventory by the  United  State s  Department of Agriculture  (USDA), which has  not  ye t  been 
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re leas ed . The  authors  noted  that  s oil c arbon and  s oil N2O e s t imate s  were  not  changed  in this  update , and  
that  a  de tailed  me thods  white  pape r will be  re leas e d  in the  future  (U.S. De p artment  of Agriculture  & 
Colorad o State  Unive rs ity, n.d .).  Pleas e  s e e  the  companion rep ort  for COMET- Planne r Vers ion 3.1 for more  
information.  

De s c rip t ion : COMET- Planne r e s t imate s  e miss ions  and  rem ovals  at t rib utab le  c rop  and  live s tock GHG 
emiss ion sources , as  we ll as  soil c arb on fluxes . It  is  an online  conse rvat ion p lanning tool for e s t imat ing the  
GHG im p ac t  of im p lem ent ing USDA Natural Resourc es  Conse rvat ion Se rvice  (NRCS) p rac t ice s . The  tool d oes  
not  p rovid e  s it e  sp e c ific  GHG es t imate s  (for which COMET- Farm would  b e  more  ap p rop ria te ). COMET-
Planne r e mp loys  b oth m od e lling and  e mp irical GHG es t imat ion me thod s , furthe r out lined  in Ap p end ix 2. 
Typ es  of e mp irical e s t imat ion me thod s  that  are  use d  inc lud e  b as ic  e s t imat ion eq uat ions  (IPCC Tie r 1 ac t ivity 
d ata , p arame te rs  and  emiss ion fac tors ), mod e ls , fie ld  me asurem ents , infe renc e  and  hyb rid  comb inat ions  of 
the se  m e thod s . COMET- Planne r use s  emiss ion red uc t ion c oe ffic ients  (ERCs) as  re lat ive  to a  b as e line  or 
b us iness  as  usual scenario to d e te rmine  the  change  in GHG e miss ions  as soc iated  with changes  in 
managem ent  (sp e c ifically aligned  with the  USDA NRCS p rac t ic e s ). The  b ase line  typ ically rep re sents  s tand ard  
managem ent  p rac t ice s  and  inc lud es  minimal conse rvat ion p rac t ice  imp lem entat ion (Eve  e t  a l., 20 14). 

Alignm e nt  wit h  IPCC a nd  Re p ort ing Tie r: COMET e miss ions  sources  e s t imated  are  aligne d  with IPCC 
emiss ion source  categorie s . As  ment ione d  ab ove  IPCC me thod s  of varying t ie rs  are  used . IPCC t ie r 1 ac t ivity 
d ata  and  in som e  cases  t ie r 1 or 2 emiss ions  fac tors  are  e mp loyed . COMET- Planne r emp loys  ac t ivity d ata , 
emiss ion fac tors , me thod s  of infe rence  from s ta te , regional and  nat iona l d at a , mod e l- b ase d  e s t imat ion 
me thod s  and  hyb rid  e s t im at ion ap p roaches  meaning that  the  re sult s  sp an IPCC Tie rs  1 - 3 d ep end ing on the  
emiss ion source .   

Cos t : COMET- Planne r is  free . 

Sc a le : The  GHG es t imat ion me thod s  used  in COMET- Planne r are  suitab le  for GHG inventory e fforts  a t  e nt ity 
scale , as  we ll as  use  in regional and  nat ional s cale  as se ssments . 

Us e : COMET- Planne r has  a  wid e  range  of use rs , inc lud ing ed ucat ional ins t itut ions , b us inesse s , s tate  and  
fed e ra l p rograms  and  ind ivid ual farmers  (Haley Nagle , p e rsonal c om municat ion, Dece mb e r 5 , 20 23). Sp e c ific  
use s  inc lud e  the  USDA Partne rship s  for Climate  Smart  Commod it ie s  Program, which uses  COMET- Planne r to 
com p are  GHG b ene fit s  among fund ed  p roje c ts  (U.S. Dep artm ent  of Agriculture , 20 23). Ad d it iona lly, COMET-
Planne r is  used  as  an op t ional tool within Fie ld  to Marke t : The  Alliance  for Sus t ainab le  Agriculture ’s  Fie ld p rint  
Plat form 4.0  tool t o e valua te  op t ions  for managem ent  p rac t ic e s  and  to d ocum ent  the  im p ac ts  of the se  
p rac t ice s  on soil c arb on (Fie ld  to Marke t , 20 21). Fina lly, the  American Farmland  Trus t ’s  CaRPE Tool ut ilize s  the  
ERCs  from COMET- Planne r; this  tool a llows  use rs  to q uant ify and  visualize  GHG mit igat ion p otent ials  b ased  
on the  ad op t ion of various  conse rva t ion p rac t ice s  (Moore  & Mante r, 20 22). Us ing COMET- Planne r ERCs , the  
CaRPE Tool p rovid es  e s t imate s  at  the  c ounty leve l that  can b e  scaled  to s tat e , regiona l, and  nat ional le ve ls  
(Moore  & Mante r, 20 22). 

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : COMET- Planne r e s t imate s  emiss ion red uc t ions  
us ing the  following gene ra l eq uat ion: 

Emission reduction =  Area (acres)  ×  Emission Reduction Coefficient 

https://storage.googleapis.com/comet-planner-public-assets/fiftyStates/pdfs/COMET-PlannerReport.pdf
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In ve rs ion 3.1 of COMET- Planne r, ERCs  are  d e rived  us ing a  samp le  b ased  ap p roach and  m od e l runs  from  
COMET- Farm, inc lud ing und e rlying DAYCENT mod e lling, and  ad d it iona l e mp irical me thod s  as  out lined  b y 
emiss ion source  b y (Eve  e t  a l., 20 14) and  up d ate d  to  align with new IPCC Guid ance  (Calvo e t  a l., 20 19 ). Soil 
c arb on and  d ire c t  N2O e m iss ions  from soils , for examp le , are  b oth mod e led  us ing DAYCENT (Haley Nagle , 
p e rsonal communicat ion, Dece mb er 5 , 20 23). All ne w mod e lled  ERCs  were  comp ared  agains t  lite ra ture  as  
ve rs ion 1 ERCs  we re  d eve lop ed  through me ta- analyses  and  lite ra ture  reviews  and  d iffe rent iat ed  b y IPCC’s  
b road  c limate  zones  (Swan e t  a l., 20 22). Me thod s  and  mod e lling are  furthe r out lined  in Ap p end ix 1, Tab le  1 
and  Tab le  2 as  ad ap te d  from (Eve  e t  a l., 20 14). 
 
To cap ture  managem ent  p rac t ice s , a  COMET- Planne r use r ac t ivity d ata  ent ry req uire ments  inc lud e : 

• Lives tock p op ulat ion and  p hys iological charac te ris t ic s  (age , b reed , ge s tat ing e tc .) 
• Cover c rop s : typ e , d at e s , yie ld  in b ushe ls  p e r ac re , p e rcentage  of re s id ue  re moval; 
• Grazing managem ent : d at e s , re s t  p e riod  in d ays  and  p e rcentage  of land  p arce l ut ilized ; 
• Tillage : d at e s  of p lant ing and  imp lem entat ion p ass ; 
• Fert ilize r: typ e , d a te s , to tal fe rt ilize r am ount , eq uivale nt  amount  of N ap p lied , amm onium p e rcent ; 
• Manure : typ e , d at e s , amount  ap p lied , m ois ture  conte nt , total nit rogen, am monium nit rogen, C/N rat io; 
• Irrigat ion: ye s  or no, m e thod ; 
• Liming: typ e , d at e s , amount ; 
• Burning: whe the r b e fore  or afte r harves t  (VT ind icate d  this  is  not  re levant ).  

 
COMET- Planne r is  uniq ue  in it s  ab ility to cap ture  int e rac t ions  and  syne rgie s  of and  b e tween various  land  
managem ent  p rac t ice s  when com p le te  sys t em d ata  is  ente re d . Crop  and  grazing management  p rac t ic e s  for 
examp le  inte rac t  in a  com p le x m anne r, in some  case s  enhanc ing or d ownscaling the  e ffec t  on GHG 
emiss ions  ob se rved  in the  emiss ion source  of inte re s t . COMET- Planne r re q uire s  a  comp rehens ive  and  
com p le te  sys t em d esc rip t ion of manage ment  p rac t ice s  to p re - p op ula te  und e rlying assump t ions  ab out  each 
managem ent  p rac t ice ’s  e ffec t  on othe r manage ment  p rac t ic e s  as  d esc rib ed  in full b y (Eve  e t  a l., 20 14). 
 
Ot he r Cons id e ra t ions : COMET- Planne r is  d e s igned  for ent ity s cale  analys is  and  is  not  typ ic ally used  for 
large r- area emiss ion inventorie s  d ue  to the  comp rehens ive  d ata  ent ry req uire ments , nor is  it  used  for s it e -
sp ec ific  analyses  for whic h COMET- Farm is  more  ap p rop riate .  

COMET- Pla nne r s um m a ry re m a rks : COMET- Planne r use s  current  s c ient ific  emiss ion e s t imat ion me thod s , 
accounts  for comp le te  sys tem GHG e miss ions  and  rem ovals  and  comp le x int e rac t ions  and  syne rgie s  
b e twe en manage ment  p rac t ic e s  oc curring in the  sys tem area b e ing m od e lled . It  req uire s  mos t  te chnica l 
exp e rt ise  throughout  the  ac t ivity d ata  collec t ion p rocess , b ut  othe rwise  is  a  re lat ive ly s imp le  tool t o learn 
and  use . The re  are  e xtens ive  use r re sourc es  availab le  inc lud ing t ransp arent  d ocumentat ion of the  GHG 
es t imat ion me thod s  that  COMET- Planne r em p loys , d ed icate d  s taff that  maintain the  tool, hos t  t raining 
se ss ions  and  are  availab le  to re sp ond  to use r q ue rie s  via  email. 

COMET- Planne r, t o ICF’s  knowled ge , has  not  b een e mp loyed  at  a  large r regional or s ta te  leve l for 
inventorying p urp oses . Howeve r, it  has  availab le - to- d ownload  d ata  that  inc lud es  ERCs  for d iffe rent  
managem ent  p rac t ice s  that  are  rep re sentat ive  of re gional ave rages  (i.e ., ave rages  for count ry- re c t ified  USDA 
Major Land  Resource  Areas ) (Hale y Nagle , p e rsonal c om municat ion, Dec em b er 5 , 20 23) (U.S. Dep artm ent  of 
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Agriculture  and  Colorad o State  Unive rs ity, n.d .). It  m ay the re fore  b e  p oss ib le  for ANR to e xt rac t  the se  ERCs  
from COMET- Planne r and  ap p ly the m to ac reage  d a ta  for d iffe rent  c rop land  m anagement  p rac t ic e s  in 
Vermont  to ob tain s tate - s p ec ific  mit igat ion e s t imate s  for each p rac t ic e . ANR could  then choose  to inte grate  
the se  mit iga t ion e s t imate s  into the  c rop land  e miss ions  p ort ion of the  s tate  inventory; if this  ap p roach is  
taken, care ful a t t ent ion should  b e  p aid  to ensure  that  manage ment  p rac t ice s  a re  not  b e ing d oub le  counted  
ac ross  d iffe rent  tools . 

3.1.3  DAYCENT 
De s c rip t ion : DAYCENT (Daily CENTURY) is  a  p roces s - b ased  b ioge oche mica l mod e l that  s imulat e s  carb on, 
nit rogen, and  othe r nut rie nt  fluxes  in agroe cosys t e ms  ove r long t im e  scale s . DAYCENT the re fore  m od e ls  
emiss ions  and  rem ovals  at t rib utab le  c rop  e miss ion sources , inc lud ing soil c arb on fluxes  b ut  not  live s tock 
emiss ions  sources . This  mod e l d iffe rs  from the  original CENTURY m od e l in tha t  it  c a lcula te s  fluxes  a  d aily 
t ime  s t ep . When m od e lling fluxes  DAYCENT cons id e rs  p aram e te rs  such as  soil p rocesse s , manage ment  
p rac t ice s , and  c limate . Ke y d rive rs  of GHG e miss ions  e s t imate s  inc lud e  t em p erature , soil m ois ture , soil 
texture , managem ent  p rac t ice s  (such as  t illage , fe rt ilizat ion, and  c rop  rota t ion), and  c limate  variab le s  (such 
as  temp erature , p rec ip itat ion, and  solar rad iat ion). 

Alignm e nt  wit h  IPCC a nd  Re p ort ing Tie r: In the  context  of IPCC rep ort ing t ie rs , DAYCENT gene rate s  Tie r 3 
emiss ion e s t imate s  when calib rate d  for a  sp ec ific  re gion and  ve rifie d  us ing loc al m easurem ent  d at a . 
Emiss ions  are  mod e lle d  s o a  comp arison of whe the r the re  is  a lignment  of emiss ion e s t imat ion m e thod s  and  
emiss ions  fac tors  d oes  not  ap p ly. 

Cos t : DAYCENT is  free  to use  for acc ess  to the  acad emic  ve rs ion b y req ues t  from the  d e ve lop e r, Colorad o 
State  Unive rs ity (CSU) Natural Resources  Ecology Lab  (NREL). Ad d it ionally, a  ve rs ion d es igned  to b e  used  b y 
inventory comp ile rs  is  se t  for re lease  in 20 24 with an exp ec ted  lic ens ing fee  of $10 0 ,0 0 0  p e r annum. 

Com p le xit y: DAYCENT re q uire s  a  mod e l e xp e rt  and  gene rat ing suffic ient  numb er of mod e l runs  for GHG 
Inventorying p urp oses  may req uire  a  ve ry high leve l of e ffort . 

Sc a le : The  DAYCENT mod e l was  d e ve lop ed  to run at  b oth regional and  s ite - sp ec ific  sca le s . At  the  fie ld  s cale , 
DAYCENT can b e  used  to mod e l ne t  p rimary p rod uc t ion (NPP), nut rient  cyc ling, and  GHG e miss ions  at  t he  
p lot  scale  at  the  leve l of d e tail that  can account  for the  imp ac ts  of managem e nt  p rac t ice s , c limate  
variat ions , and  c rop  typ e  at  that  sp e c ific  loca t ion. Us ing the  DAYCENT mod e l ve rs ion d es igned  for regional 
mod e lling asse ss  t rend s  at  the  land s cap e  s cale , rathe r than the  sp e c ific  d ynamics  of a  loc at ion.    

Us e : The  DAYCENT mod e l was  originally d eve lop e d  as  a  re finement  of the  CENTURY mod e l on a  d aily 
t imes tep  in ord e r to more  accurat e ly m od e l nit rogen cyc ling in agroe cosys t em s . This  mod e l is  wid e ly use d  
amongs t  U.S. gove rnment  and  re search ins t itut ions  to q uant ify GHG emiss ions , nut rient  cyc ling, yie ld s , and  
ne t  p rimary p rod uc t ivity (NPP) on b oth the  land scap e  and  farm sca le s , inc lud ing 1) q uant ificat ion of soil 
organic  carb on and  GHG e miss ions  on c rop land s  and  grass land s  in the  Inventory of  U.S. Gre enhouse  Gas  
Emiss ions  and  Sinks  and  2) as  the  und e rlying mod e l used  to gene rate  e s t imate s  of GHG re d uc t ions  and /or 
carb on seq ues t rat ion in b oth the  COMET- Farm and  COMET- Planne r tools .  

DAYCENT is  also wid e ly used  in acad e mic  re search b oth d omes t ically and  int e rnat ionally.  
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Ac t ivit y  d a t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : Running DAYCENT re q uire s  ac t ivity d ata  on 
managem ent  p rac t ice s , inc lud ing d ata  on t illage  p rac t ic e s , mine ra l fe rt ilizat ion, manure  amend ments , cove r 
c rop  manage ment , p lant ing/harves t  d at e s , and  c limate  d ata  (e .g. d aily min/max tem p era ture ). The  U.S. GHG 
Inventory use s  d ata  from the  USDA- NRCS Conse rvat ion Effec ts  and  Assessme nt  Proje c t  (CEAP). CEAP d ata 
is  as s igned  to Natural Res ources  Inventory (NRI) survey locat ions  (all non- fed e ral land ) which have  
“exp ans ion fac tors” that  ind icat e  the  total area of land  with the  same  land - us /managem ent  his tory.  

Finally, agricultural GHG inventorie s  req uire  ac t ivity d ata  on c rop  re s id ues  (to  e s t imate  c rop  re s id ue  N) and  N 
mine ralize d  from soil organic  mat t e r. The  DAYCENT mod e l int e rnally gene rate s  the  d ec om p os it ion, N fixat ion 
and  mine ra lizat ion p roces se s  and  the re fore  d oes  not  req uire  inp ut  d ata  on c rop  re s id ues  nor N 
mine ralizat ion (EPA, 20 23). 

DAYCENT ad d it ionally inc lud es  inp ut  p aram e te rs  for grazing events . Fe rt ilizat ion d ata  inp uts  ensure  that  
DAYCENT m od e l outp uts  accom mod ate  manure  d e p os ited  on p as ture , range  and  p ad d ock (inc lud e d  in N2O 
es t imate s  on grass land s  and  managed  p as ture ). Ad d it ional live s tock manage ment  p rac t ice s  which re s ult  in 
alte red  GHG emiss ions  inc lud e  manure  managem ent  s t rategie s , and  fe ed ing s t rategie s  or rum en 
manip ulat ion are  not  inc lud ed  in DAYCENT- mod e lle d  outp uts  as  DAYCENT m od e ls  N2O e miss ions  from 
agricultura l soils  and  soil organic  carb on.  

Mod e lling: Ins ight  into the  p rocess  and  le ve l of t e chnical e xp e rt ise  that  would  b e  req uired  to mod e l N2O 
emiss ions , and  soil organic  carb on fluxes  at  a  s tat e  leve l for Ve rm ont  can b e  gleaned  b y s tud ying the  
ap p licat ion of DAYCENT at  the  nat ional leve l. The  ap p lica t ion of DAYCENT at  t he  nat ional leve l a lso p rovid es  
ins ight  into the  me thod s  that  und e rp in the  EPA’s  Sta te  Inventory Mod ule , whic h was  used  to e s t imate  
Vermont’s  p revious  GHG inventory. 

To mod e l d ire c t  N2O e m is s ions  from  a gric u lt u ra l s oils , the  U.S. GHG Inventory use s  the  following p roc ess : 

a) NRI d ata  is  c om b ined  with c rop  sp e c ific  Nat ional Agricultural Stat is t ic s  Se rvice  (USDA- NASS) land -
use  his tory and  fe rt ilizat ion d ata . 

b ) DAYCENT is  run for sp ec ific  c rop s  inc lud ing a lfalfa  hay, b arley, corn, c ot ton, d ry b eans , grass  hay, 
grass - c love r hay, lent ils , oats , onions , p eanuts , p eas , p otatoes , ric e , sorghum, soyb e ans , sugar b ee ts , 
sunflowers , swee t  p ota toe s , tob ac co, tomatoes , and  wheat . 

o The  DAYCENT m od e l s imulate s  inte rac t ions  with weathe r and  environm ental fac tors  re levant  
to sp e c ific  locat ions  (e .g. freeze - thaw e ffe c ts  that  gene rat e  N2O p ulse s ) us ing c limate  and  
soil d ata . DAYCENT d oes  not  as sume  all p otent ia l N2O is  emit ted  in a  s ingle  ye ar, and  re sult s  
inc lud e  legacy e ffe c ts  of p revious  years  (N2O not  ye t  emit ted ). 

DAYCENT is  not  used  at  the  nat ional leve l for som e  e miss ion sources  (e .g., cob b ly, grave lly, and  shaley 
mine ral soils , d ire c t  N2O from animals  grazing on fed e ral land s , am ong othe rs ) d ue  to the  m od e l not  ye t  b e ing 
calib rate d  for the se  s ituat ions  and  or d ata  limitat ions  (U.S. Environmenta l Protec t ion Agency, 20 23).  

At  a  high le ve l, to mod e l e miss ions  from m ine ra l c rop la nd  a nd  gra s s la nd  s oils , the  U.S. GHG Inventory use s  
the  following inp uts  and  p roc ess : 

c ) CEAP t rend s  in managem ent  p rac t ic e s  ove r the  inventory t im e  se rie s  (19 9 0  –  p re sent  year) a re  
d e te rmine d  b y comb ining CEAP d ata  with seve ral o the r nat ional d a tase ts , d e t e rmining the  like ly 
managem ent  p rac t ice (s ) a t  a  given NRI locat ion us ing a  machine  learning te chniq ue  known as  
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grad ient  b oos t ing, and  ass igning ce rtain manage ment  p rac t ic e s  from CEAP to NRI locat ions  us ing 
p red ic t ive  m ean matching.  

a) Ad d it iona l Fe rt ilizat ion Data for mine ral fe rt ilizat ion and  manure  amend ments  d ata  from  the  
Agricultura l Resourc e  Managem ent  Surve ys  (ARMS) and  the  USDA- NASS is  comb ined  with CEAP 
d ata. 

b ) Ad d it iona l Tillage  Data from Conse rvat ion Technology Informat ion Cente r (CTIC) d ata  and  Op TIS 
d ata  is  comb ine d  with CEAP d ata . 

c ) Ad d it iona l Cove r Crop  Data from Op TIS and  USDA- NASS d ata is  comb ined  with CEAP d ata. 
d ) Using the  ab ove  inp uts , the  DAYCENT mod e l is  run from 19 9 0  to 20 20  and  a  linear e xt rap olat ion 

me thod  us ing linear regre ss ion is  used  for 20 21 to ap p roximate  emiss ions  given d ata  for the  m os t  
rec ent  inventory year is  not  ye t  availab le  a t  the  t im e  mod e l runs  occur in ord e r to me e t  inte rnat ional 
inventory rep ort ing d ead lines . 

To mod e l emiss ions  from mine ral c rop land  soils  us ing DAYCENT, Vermont  might  cons id e r comb ining re levant  
s tate  sp e c ific  d a ta  with nat ional d a tase ts , or in som e  cases  sup p lant ing nat ional d ata . A s imilar p rocess  as  
out lined  ab ove  would  b e  req uired , inc lud ing e s t imat ing leve ls  of and  t rend s  for key managem ent  p rac t ic e s , 
and  ad d it iona l s tep s  for m od e l ca lib ra t ion (which have  b een d one  at  the  nat ional le ve l). Mod e l valid at ion is  
necessary and  achieved  b y comp aring ind ep end ent  d ata  with m od e l re sult s  to  d e t e rmine  the  m od e l’s  
p red ic t ive  ab ility. Calib rat ion is  req uired  for a  sub se t  of the  m ore  than 10 0 0  p arame te rs  in DAYCENT 
(Hartman e t  a l., 20 18) and  DAYCENT d eve lop e rs  recomm end  m od e l outp uts  are  va lid at ed  for soil wate r 
content , c rop  yie ld s , p lant  growth rat e s , soil organic  carb on le ve ls , and  nit roge n flows , in ord e r. Ve rm ont  
should  cons id e r availab ilit y of ind ep end ent  d atase ts  for mod e l ca lib ra t ion and  valid a t ion.  

Ot he r Cons id e ra t ions : N2O emiss ion re sult s  that  are  gene ra ted  b y DAYCENT mod e l runs  cannot  b e  
p art it ione d  into the  ac t ivit ie s  re sp ons ib le  for the m, i.e ., N2O e miss ions  from synthe t ic  fe rt ilize r ap p lied  to 
agricultura l soils  c annot  b e  sep ara ted  from the  N2O emiss ions  from manure  ap p lica t ions  (U.S. Environme ntal 
Protec t ion Agenc y, 20 23). The  U.S. GHG inventory re p orts  N2O emiss ions  b y source  b y d e te rmining the  
ave rage  p rop ort ion of sp e c ific  N from for e xam p le , s ynthe t ic  fe rt ilize r, and  d ivid ing this  b y the  to tal mine ral N 
in the  soil. The  p rop ort ion is  then mult ip lied  b y total N2O emiss ions  to e s t imate  source  sp ec ific  N2O 
emiss ions . If Ve rm ont  were  to use  DAYCENT for s tat e  le ve l m od e lling, a  s imilar p roc ess  and  se t  of 
as sump t ions  could  b e  mad e  to  alloc ate  emiss ions  to sp ec ific  sources .  

DAYCENT Sum m a ry Re m a rks : For Vermont  to d e te rmine  whe the r it  would  b e  worthwhile  to  run DAYCENT to 
mod e l d ire c t  and  ind irec t  N2O emiss ions , and  emiss ions  from mine ral soils  (grass land  and  c rop land ), 
Ve rmont  should  cons id e r the  following: 

• A comp arat ive  as se ssment  of CEAP, ARMS, USDA- NASS, CTIC and  Op TIS d ata  agains t  the  State ’s  
availab le  and  re p re senta t ive  d a ta  on fe rt ilizat ion, t illage  and  c ove r c rop  p rac t ice s  and  whe the r the re  
are  any ind ica t ions  that  Ve rm ont’s  s tate  sp e c ific  d a ta  varie s  s ignificant ly from  d ata p re sente d  in the  
nat ional d atase ts , 

• Availab le  re sources  to comp ile  and  inte rp re t  s tat e  sp ec ific  d ata , and  inp ut  d ata  into a  Sta te  sp ec ific  
calib rat ion of the  DAYCENT Mod e l, and  

• Technical e xp e rt ise  availab le  to inte rp re t  and  inp ut  d ata  and  calib rate  DAYCENT b e fore  gene rat ing 
mod e l re sult s  to ensure  that  the  re sult s  are  rep re sentat ive .  



  Tit le  
 
 

ic f.c om  14  

3.1.4  DNDC 
De s c rip t ion : The  Denit rific at ion- Dec om p os it ion (DNDC) mod e l is  a  p rocess  b ased  b iogeochemical mod e l 
focused  on nit rogen (N) and  carb on (C) b ioge oche mica l c yc ling in agricultura l sys te ms  (DNDC Sc ientific  
Bas is  and  Proces s e s  Vers ion 9 .5 , 20 17). DNDC the re fore  mod e ls  e miss ions  and  rem ovals  at t rib utab le  c rop  
GHG e miss ion sources , as  we ll as  soil c arb on fluxes . The  original DNDC mod e l d oes  not  inhe rent ly e s t im ate  
live s tock GHG e miss ions , so the  Manure - DNDC mod e l was  d eve lop e d , which e s t imate s  CH4, N2O and  NH3 
emiss ions  occurring from the  manure  organic  mat t e r turnove r p roc esse s  it  mod e ls , inc lud ing d ec om p os it ion 
and  nit rific at ion e t c . 

In DNDC, the  p rimary d rive rs  e ffec t ing GHG e miss ions  are  c limate  inp uts  (e .g. rainfall and  min/max 
tem p era ture s ), soil, vege tat ion, and  manage ment  p rac t ic e s , which in turn d e te rmine  the  soil environm ental 
cond it ions  and  the  re sult ing GHG e miss ions , yie ld s , and  carb on seq ues t rat ion b y p ool. Nit rificat ion, 
d enit rific at ion, and  fe rm entat ion sub - mod e ls  p red ic t  emiss ions  of CO2, N2O, CH4, NH3, NO, and  N2. 

Cos t : ReGrow Ag hold s  the  exc lus ive  com merc ial rights  to DNDC, and  the  cos t s  for calib rat ion are  s ignificant .  
ICF has  engaged  in conve rsat ions  with ReGrow Ag to  d e te rmine  e s t imated  cos t ing for p rod uc t ion of Stat e  
leve l inventorie s  and  cos t s  are  ye t  unc le ar. They b e lieve  that  they could  p rod uce  Tie r 3 s tat e  leve l inve ntory 
outp uts  within 6  months  of a  cont rac t  b e ing init ia lize d . Old e r ve rs ions  of DNDC are  p ub lic ly availab le  via  the  
Unive rs ity of New Hamp shire  web s it e .  

Com p le xit y: DNDC re q uire s  a  mod e l e xp e rt  and  is  e xp e c te d  to  re q uire  a  ve ry high leve l of e ffort . 

IPCC Alignm e nt  a nd  Re p ort ing Tie r: In the  conte xt  of IPCC rep ort ing t ie rs , DNDC gene rat e s  Tie r 3 e miss ion 
e s t imate s  when calib rate d  for a  sp e c ific  region and  ve rified  us ing loc al measurement  d ata . Emiss ions  are  
mod e lled  so a  c om p arison of whe the r the re  is  a lignm ent  of e miss ion e s t imat ion me thod s  and  e miss ions  
fac tors  d oes  not  ap p ly. 

Sc a le : The  mod e l can b e  run in e ithe r regional or s ite  mod e . In the  regional m od e l the  m od e l ut ilize s  a  GIS 
d atab ase  with the  nec essary environmenta l and  land  manage ment  d ata  to p rod uce  more  gene ralize d  re sult s  
for a  large  land  area  (e .g. a  county). Site  mod e  offe rs  the  ab ility to ta ilor many more  p arame te rs  in the  
gene ral use r inte rfac e  (GUI) and  p rod uces  Monte  Carlo unce rtainty ana lyses  (Ap p roach 2 p e r IPCC 
Guid ance ) are  only p oss ib le  at  a  s ite  sca le .  

Us e : The  mod e l was  originally d e ve lop ed  for q uant ificat ion of GHG’s  from c rop  cult iva t ion in the  U.S., with 
sp ec ial focus  on q uant ific at ion of nit rogen- b ase d  e miss ions  in the  mid - wes t . DNDC has  s ince  b een furthe r 
mod ifie d  in the  following, t o lis t  a  few: 

• NZ DNDC: ad ap ted  for Ne w Zealand  c ond it ions  and  to m od e l intens ive  grass land  sys tems  
(Saggar e t  a l., 20 0 4, 20 0 7) 

• DNDCv.CAN: Canad ian ve rs ion of DNDC b es t  suited  to c old  te mp e rate  c limate s    
• Manure - DNDC: e s t imate s  GHG and  amm onia emiss ions  from manure  sys tems  (Li e t  a l., 20 12) 
• Fores t - DNDC: e s t imate s  fore s t  p rod uc t ion, carb on seq ues t rat ion, and  t rac e  gas  emiss ions  in 

fore s ts   
• Rice  DNDC: e s t imate s  GHG emiss ions  from rice  p ad d y fie ld s  
• UK- DNDC: mod ifie d  for UK cond it ions  and  used  for t he  UK GHG inventory e s t imate s  of d ire c t  N2O 

from agricultura l soils  (Brown e t  a l., 20 0 2; Card enas  e t  a l., 20 13) 

https://www.regrow.ag/science-and-tech/dndc
https://icfonline.sharepoint.com/sites/VermontANRAgriculturalSectorGHGEmissionsandSequestration/Shared%20Documents/General/Task%202/Methodology%20Report/University%20of%20New%20Hampshire
https://github.com/BrianBGrant/DNDCv.CAN/blob/master/README.md
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DNDC has  b een e xtens ive ly used  in Aus t ralia , Canad a, China, Europ e , Ind ia, Ne w Zealand , the  U.K., and  the  U.S. 
Due  to ind e p end ent  acad emic  d e ve lop ments , a  s ingle  com p le te  lis t  on use  of DNDC m od e ls  and  
com b inat ions  of mod e ls  e xis t s , howeve r the  m od e l can b e  calib rat ed  to the  Verm ont  sys te m (inte rview with 
ReGrow).  

Ad d it iona lly, re sult s  from DNDC were  used  b y the  IPCC in gene rat ing the  d e fault  e miss ion fac tor for EF3PRP,CPP 

(emiss ion fac tor for c at t le , swine  and  p oult ry manure  d ep os ited  onto p as ture  range  and  p ad d ock), and  the  
frac t ion of nit rogen leache d  or runoff in we t  c limate s  (IPCC, 20 19 ).  

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : DNDC req uire s  d aily weathe r d a ta  inc lud ing 
tem p era ture , humid ity, wind  sp eed  and  p rec ip it at ion, as  we ll as  soil d ata  (p H, b ulk d ens ity, and  soil te xture ), 
and  c rop  managem ent  d a ta  (c rop  areas  and  rotat ions , p lant ing and  harves t  d ate s ). Managem ent  p rac t ice s  
that  are  p arame te rized  in DNDC inc lud e  t illage , fe rt ilizat ion, manure  ap p lica t ion, flood ing, irrigat ion, and  
cult iva t ion of c ove r c rop s . These  p rac t ice s  in the  m od e l influence  b iop hys ica l and  b ioge oche mica l reac t ions  
and  the ir p rod uc ts  (DNDC Sc ientific  Bas is  and  Proc e s s e s  Vers ion 9 .5 , 20 17). For manage ment  p rac t ice s , t he  
following ac t ivity d ata  is  req uired : 

• N fe rt ilizat ion: rate , amount , me thod , and  typ e  of fe rt ilize r, 
• Manure  ap p lic at ion: amount  and  manure  c om p os it ion 
• Irrigat ion: m e thod  (surfac e , d rip , sp rinkle r, sub surface  d rip )  
• Tillage : Op e rat ional Tillage  Informat ion Sys te m (Op TIS) 

Op TIS rem ote  sens ing d ata  is  free ly availab le  for Vermont  from 20 15  –  20 21, m ap p ing t illage , re s id ue  c ove r, 
cove r c rop s  and  soil hea lth p rac t ice s  (Cons e rvation Technology Information Centre , 20 23). 

Mod e lling: The  p rocesse s  mod e lled  inc lud e  d e comp os it ion, nit rificat ion, d enit rificat ion, am monia 
vola t ilizat ion, fe rmentat ion and  me thanogenes is  (DNDC Sc ientific  Bas is  and  Proces s e s  Vers ion 9 .5 , 20 17). 
DNDC s imulat e s  mic rob ia l ac t ivity, the  nit rific a t ion/d enit rific at ion p roc ess  us ing Michae lis - Menten kine t ic s , 
a ll of which d rive  and  m od e rate  oxid at ion- re d uc t ion reac t ions  and  GHG (CO2, N2O and  CH4) gene ra t ion from 
the  d ominant  mic rob ia l p op ulat ion(s ) a t  a  given p oint  in t ime .  

DNDC Sum m a ry Re m a rks  

For Ve rmont  to d e t e rmine  whe the r it  would  b e  a  worthwhile  inves tm ent  to calib rate , valid ate , and  run DNDC, 
or c ont rac t  anothe r organizat ion to m od e l d irec t  N2O emiss ions , emiss ions  from mine ral soils  (grass land  and  
c rop land ), and  emiss ions  from live s tock sys t ems  us ing DNDC, Vermont  should  cons id e r the  following: 

• Which DNDC mod e ls  would  b e  ne cessary and  the  c os t  to calib rate  + valid a te  them for Verm ont , 
• The  State ’s  availab le  and  rep re s entat ive  d ata  on fe rt ilizat ion, t illage  and  cove r c rop  p rac t ic e s  and  

whe the r the re  are  any ind icat ions  that  Ve rmont’s  s ta te  sp e c ific  d a ta  varie s  s ignificant ly from d ata  
p re sente d  in nat ional d atase ts ,  

• Availab le  human re source s  to comp ile  and  int e rp re t  s tate  sp e c ific  d a ta , and  inp ut  d ata  into a  Stat e  
sp ec ific  calib rat ion of the  DNDC Mod e l, and  

• Technical e xp e rt ise  availab le  to com p ile  inte rp re t  and  inp ut  d ata , c a lib ra te  DNDC and  inte rp re t  
re sult s  (or the  cos t  of out sourc ing this ).  
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3.1.5  EX- Ac t  
De s c rip t ion : EX- Ac t  is  a  free , Exce l- b ased  tool that  is  a  land - b ased  acc ount ing sys tem, measuring GHG 
imp ac ts  p e r unit  of land  (Grewer, Bocke l, Schie t t ec at te , & Bernoux, 20 17). Pub lished  b y the  FAO, it  is  an 
emiss ion fac tor- b ased  tool that  was  las t  up d ated  in 20 21 and  und e rgoes  ongoing maintenance . EX- Ac t  
e s t imate s  emiss ions  and  removals  at t rib utab le  to c rop  and  live s tock GHG e miss ion sources , as  we ll as  soil 
c arb on fluxes . EX- Ac t  comp ares  the  GHG e miss ions  and  carb on s tock changes  from p rojec t  ac t ivit ie s , 
re la t ive  to a  p re - p roje c t  s tart  d a te  b ase line  (FAO, 20 22). 

Alignm e nt  wit h  IPCC a nd  Re p ort ing Tie r: EX- Ac t  was  d eve lop ed  us ing IPCC Tie r 1 d e fault  ac t ivity d a ta , 
emiss ion fac tors  and  me thod s  and  outp uts  would  b e  cons id e red  Tie r 1 e s t imate s . It  is  a ligned  with the  
emiss ion source  categorie s  and  me thod s  p re sented  in the  20 0 6  IPCC Guid e lines  for Nat ional Greenhouse  
Gas  Inventorie s , the  20 19  IPCC Refine ment , and  the  20 13 IPCC We t land s  Sup p lement . The  m e thod ology of 
the  tool was  d e ve lop ed  p rimarily from Volum e  4 of t he  20 19  Re fine ment  to the  20 0 6  IPCC Guid e lines  and  
the  20 13 Wet land s  sup p le ment , though the  tool in s ome  cases  e mp loys  emiss ion fac tors  and  me thod s  from 
current  lite rature  (FAO, 20 22). The  tool use s  Glob al warming p otent ial (GWP) values  from the  IPCC 5 th 
Assessment  Re p ort  (AR5) and  gene rat e s  Tie r 1 d e fault  e s t imate s , unle ss  Tie r 2 (in Vermont’s  case , s tat e  
sp ec ific ) values  are  sp e c ified  b y the  use r (FAO, 20 22). 

Cos t : EX- Ac t  is  free . 

Com p le xit y: EX- Ac t  req uire s  b eginne r knowled ge  of the  tool and  is  e xp ec ted  to req uire  a  med ium  le ve l of 
e ffort . 

Sc a le : EX- Ac t  is  p rimarily used  at  the  p rojec t  s cale , b ut  it  could  b e  used  at  the  regiona l or nat ional sca le  
(Grewer, Bocke l, Schie t t ec at te , & Bernoux, 20 17). 

Us e : EX- Ac t  was  used  to d eve lop  the  Ve rm ont  Carb on Bud ge t  (Bonas ia , Ruhl, Dub e , White , & Darb y, 20 22). 
At  the  p rojec t  s cale , EX- Ac t  was  used  in Tanzania for the  FAO Acc e le rat ed  Food  Se curity Projec t  (Grewer, 
Bocke l, Schie t te cat te , & Bernoux, 20 17). 

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : To use  the  EX- Ac t  tool a  varie ty of d e sc rip t ive  
inp uts  are  req uired , inc lud ing d ata  on the  loca t ion, c limate , mois ture , soil typ e , and  d urat ion of inte rvent ion 
(FAO, 20 22). It  req uire s  a  small amount  of ac t ivity d ata  inp ut  to p e rform b as ic  calculat ions  and  gives  the  
use r the  op t ion to ente r c us tom fac tors  and  ad d it ional, more  sp e c ific  d a ta  to aid  in re fining calculat ions  (Tie r 
2 d ata).   

To acc ount  for e miss ions  from c rop land  manage ment , the  Tool re q uire s  the  use r to inp ut  a reas , in hec ta re s , 
for each c rop /sys t em as  we ll as  manage ment  p rac t ice s  for e ach c rop /sys te m  (FAO, 20 22). These  
managem ent  p rac t ice s , d e rive d  from Tab le  5 .5  of the  20 19  Re finement  to the  20 0 6  IPCC Guid e lines  for 
Nat ional Gre enhouse  Gas  Inventorie s , inc lud e  (FAO, 20 22): 

• Tillage  manage ment  (full, red uce d , or no- t ill); 

• Inp ut  of organic  mate rial; and   

• Res id ue  managem ent  (b urned , re taine d , and  e xp orte d ); 
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The  use r is  a lso ab le  to ente r the  yie ld , in tons /he c ta re /year, for each c rop . The  EX- Ac t  Tool is  ab le  to 
calculat e  e miss ions  re late d  to changes  in managem ent  p rac t ic e s  for b oth annual and  p e rennial sys te ms  in 
c rop land  remaining c rop land , as  we ll as  in c rop land  land - use  changes  that  inc lud e  imp le mented  
managem ent  p rac t ice s .   

For annual c rop p ing sys te ms , the  use r may inp ut  sp ec ific  soil c arb on seq ues t rat ion rate s , s tock change  
fac tors  re lat ed  to manage ment  p rac t ice s  (i.e . land - use , t illage , and  organic  am end ment  inp ut  fac tors ), and  
availab le  re s id ues  and  b iomass  (FAO, 20 22). For p e rennial c rop p ing sys te ms , use rs  may ad d  p roje c t - sp ec ific  
(or regionally sp e c ific  in the  case  of Verm ont) Tie r 2 d ata  for soil c arb on s tock e s t imate s  and  s tock change  
fac tors . The  use r may a lso  alte r ab ove /b e low- ground  b iomass  growth rat e s , b urned  re s id ue  q uant it ie s , and  
fire  p e riod ic ity top  re fle c t  the  regiona l c ond it ions  (FAO, 20 22). 

In EX- Ac t , e miss ions  from fe rt ilize r ap p licat ion are  ac counted  for in the  Inp ut  m od ule , which is  sep ara te  from 
the  Crop land  and  Grass land /Lives tock mod ule s . This  cove rs  lim e  and  ure a ap p lica t ion and  synthe t ic  
(inorganic ) and  organic  N- b ased  fe rt ilize rs  (e xc lud ing manure  d ep os it ed  d irec t ly onto on p as ture  b y grazing 
live s tock, which is  acc ounted  for in the  Lives tock m od ule ) (FAO, 20 22). The  amount  of fe rt ilize r ap p lied  p e r 
year is  the  only req uire d  ac t ivity d ata  for this  mod ule . Proje c t - sp e c ific  (Tie r 2) emiss ions  fac tors  c an b e  
ente re d  for a ll fe rt ilize rs  c ons id e red .   

Req uire d  ac t ivity d ata  for emiss ions  from live s tock and  manure  m anagem ent  inc lud es  live s tock sp e c ie s , 
c ategory (d airy, non- d airy e tc . and  age  c las s ), p rod uc t ivity leve l, q uant ity of p rod uc t  p rod uced , and  
p op ula t ion.  Use rs  may choose  to  ente r p roje c t / region sp ec ific  (Tie r 2) emiss ion fac tors  for CH4 from ente ric  
fe rmenta t ion, CH4 from m anure  manage ment  in p as ture / range /p ad d ock (PRP), and  N2O from  manure  
managem ent  in PRP (FAO, 20 22).  Ad d it ionally, use rs  may inp ut  the  p e rcentage  of animals  grazing on PRP.  
For the  re maining animals  (i.e ., those  not  grazing on PRP), use rs  can sp e c ify the  manure  managem ent  sys t em 
used  (e .g., liq uid /s lurry, solid  s torage ) or can se le c t  a  d e fault  EF that  rep re sent s  the  regional ave rage  of all 
sys tems . For the s e  non- PRP manure  manage ment  s ys tems , use rs  can ente r Tie r 2 e miss ion fac tors . 

Ot he r Cons id e ra t ions : EX- Ac t  was  d es igned  for land  manage ment  p rojec t  leve l GHG ac count ing, and  only 
one  d ominant  soil and  c limate  typ e  can b e  cons id e red  at  a  t im e  (Grewer, Boc ke l, Schie t te cat te , & Bernoux, 
20 17).  Ve rm ont  has  mult ip le  soil typ es  and  req uire s  more  p rec ise  c limate  d ata  for m ore  accura te  manure  
managem ent  e miss ion e s t imate s . The  highes t  leve l of sp ec ific ity that  the  Tool can b e  calib rat ed  to 
encomp asses  the  Northeas te rn Unite d  Stat e s .  Thus , the  tool will not  outp ut  re sult s  sp ec ific  t o Vermont  
(Bonas ia , Ruhl, Dub e , Whit e , & Darb y, 20 22). Howeve r, it  was  ind icate d  that  furthe r ca lib rat ing the  tool t o the  
s tate  leve l would  req uire  a  large  re search e ffort  with p otent ia lly minimal changes  in mod e l e s t imate s , and  
that  the  Tool is  we ll c a lib rated  to the  Northeas te rn United  Stat e s  (Bonas ia , Ruhl, Dub e , White , & Darb y, 20 22).  
To up - scale  to regional and  nat ional sca le s  (i.e ., of d iffe rent  soil and  c limate  typ es , if req uire d ), the  Tool’s  
guid ance  re comm end s  p otent ial sens it ivity analyses  of soil and  c lim ate  cond it ions  or sep ara te  EX- Ac t  
analyses  cond uc te d  b y re gion to ensure  p rec is ion (Grewer, Bocke l, Schie t t ec at te , & Bernoux, 20 17).  

One  note d  b ene fit  of EX- Ac t  is  it s  ab ility to ca lculat e  N mine ralizat ion b ased  on los t  SOC via change  in land  
use  or manage ment  (FAO, 20 22), which was  not  accounted  for in the  20 20  Ve rmont  Inventory. 

The  Tool d oes  not  e s t imate  ind ire c t  e miss ions  re lat e d  to nit rogen ap p lica t ion on managed  soils  (FAO, 20 22). 
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EX- Ac t  s um m a ry re m a rks : EX- Ac t  was  p rimarily d e ve lop e d  as  a  tool to as s is t  in evaluat ing the  GHG 
emiss ions  and  carb on s tock changes  for land  management  p rojec ts , re lat ive  to a  p re - p rojec t  s tart  d ate  
b ase line  and  the  tool can only c ons id e r one  d ominant  soil and  c limate  typ e  at  a  t ime . The re fore , ICF 
rec om mend  that  the  tool is  limite d  in it s  ab ilit y to b e  used  for inventory p urp os es , and  for GHG imp ac t  
analyses  of changes  in management  p rac t ice s  for p olic y scenarios . 

3.1.6  FEAT 
De s c rip t ion : The  Farm Ene rgy Analys is  Tool, or FEAT, is  a  d atab ase  m od e l in e xce l that  was  d eve lop e d  b y 
ind ivid uals  from  the  De p artment  of Crop  and  Soil Sc iences  at  The  Pennsylvania  State  Unive rs ity (Camargo, 
Ryan, & Richard , 20 11). The  tool is  free - to- d ownload  and  p e rforms  farm- le ve l, e miss ion fac tor- b ase d  
e s t imat ions  of GHG e miss ions  from c rop  p rod uc t ion and  c rop land  manage ment , in ad d it ion to e s t imat ing 
the  c rop  sys te m’s  ene rgy b alanc e . FEAT d oes  not  e s t imate  GHG emiss ions  of any live s tock emiss ion 
sources , as  it  was  d es igne d  for c rop  whole - farm sys tem GHG acc ount ing.  

IPCC Alignm e nt  a nd  Re p ort ing Tie r: For d ire c t  and  ind irec t  N2O e miss ions  from agricultural soils  Tie r 1 (IPCC, 
20 0 6 ) me thod s  and  d e fault  e miss ion fac tors  are  used . Othe r FEAT GHG es t im ate s  such as  for p e s t ic id e s , 
ene rgy used  on farm, liming and  othe r non- carb on c ontaining fe rt ilize rs , go b e yond  IPCC emiss ion sourc e  
b ound arie s , d ue  to FEAT’s  intend ed  use , for whole - fa rm GHG ac count ing (e .g. up s t ream and  d owns t ream 
emiss ions  are  inc lud ed ). Provid ed  emiss ion fac tors  inc lud e  IPCC 20 0 6  Tie r 1 e miss ion fac tors  and  some  
emiss ion fac tors  from lite rature .  Ad d it ionally, the  tool use s  a  mix of m e thod ologie s  from IPCC 20 0 6  and  
lite ra ture , and  the  tool use s  GWPs  from the  5 th Asses sment  Rep ort  (AR5). 

Cos t : FEAT is  free . 

Com p le xit y: FEAT req uire s  p revious  e xp e rienc e  of t he  mod e l and  is  exp ec ted  to re q uire  a  me d ium leve l of 
e ffort . 

Sc a le : FEAT es t imate s  GHG emiss ions  at  the  farm le ve l. 

Us e : FEAT has  b een used  to comp are  c rop p ing sys te ms  for ene rgy and  GHG e miss ions  at  the  farm leve l.  
Researche rs  at  the  Pennsylvania State  Unive rs ity e valuated  c rop p ing sys te m s t rategie s  for an ave rage - s ized  
Pennsylvania d airy farm  to  p rod uce  a ll of it s  forage , feed , and  t rac tor fue l nee d s , and  ut ilized  FEAT to 
evaluate  the  sys t ems  for fue l se lf- suffic iency, ene rgy, and  GHG emiss ions  (The  Pennsylvania State  Unives ity, 
n.d .) (The  Pennsylvania State  Unive rs ity, n.d .). Penn State  re searche rs  a lso used  FEAT in c ollab orat ion with 
re searche rs  from USDA- ARS Be ltsville  Agricultural Cente r and  the  Rod ale  Ins t it ute  to eva luate  ene rgy and  
GHG e miss ions  from the ir long- te rm farming sys tem s  t ria ls  (The  Pennsylvania State  Unive rs ity, n.d .).  

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : FEAT req uire s  minimal inp ut  to p e rform c rop  
p rod uc t ion and  c rop land  managem ent  e miss ions  calcula t ions , req uiring the  use r to ente r only the  c rop  fie ld  
area, typ es  of c rop s , and  yie ld  for each c rop . This  is  b ecause  the  m od e l p rovid es  d e fault  values  for all othe r 
ac t ivity d ata  and  fac tors  used  in the  ca lcula t ion of e miss ions ; the se  d e fault  va lues  are  the  re sult  of an 
extens ive  lit e rature  review and  inc lud e  p e e r- re viewe d  lit e rature , online  d ocum ents , and  s imulat ions  
(Camargo, Ryan, & Richard , 20 13). De fault  va lues  inc lud e  those  for farm inp uts , as  we ll as  values  used  in the  
ene rgy ana lys is  and  calculat ion of GHG emiss ions  (e .g., emiss ion fac tors ). FEAT allows  the  use r to mod ify all 
d e fault  (ac t ivity d a ta  and  emiss ion fac tor) va lues , m eaning the  use r can ente r cus tom values  to re fine  
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calculat ions  for the ir sp e c ific  use  or locat ion. The re fore , a long with ente ring cus tom emiss ion fac tors , use rs  
can re fine  the  d e fault  values  in the  farm inp uts  sec t ion, which inc lud es  ac t ivity d ata  such as : 

• Res id ue  rem oval p e rc entage  afte r harves t ; 

• Crop  mois ture  p e rcentage  at  harves t  and  s torage ; 

• Fert ilize r ap p licat ion rate s  (N, P2O5, K2O, and  Lime); 

• Othe r inp ut  ap p licat ion ra te s  (See d /cut t ings , he rb ic id es , and  insec t ic id es ); 

• Crop  and  Res id ue  p rod uc t ion (in Mg WM or DM/year); and  

• Othe r farm inp ut  ac t ivity d ata , such as  d ie se l fue l used , and  ene rgy re q uired  for d rying and  
t ransp ortat ion of inp uts . 

FEAT cons id e rs  some  managem ent  p rac t ic e s  in it s  c rop land  e miss ions  calcula t ions  b ut  is  not  
com p rehens ive .  For exam p le , farming inp uts  are  acc ounted  for, such as  fe rt ilize rs , p e s t ic id es , and  cut t ings , 
as  we ll as  re s id ue  manage ment  (i.e ., p e rc ent  re moval afte r harves t ) and  c rop  rotat ions  (Camargo, Ryan, & 
Richard , 20 13). Howe ve r, t hough earlie r ve rs ions  of t he  tool re q uired  use r inp uts  for t illage  manage ment  and  
fue l consump t ion for various  t illage  p rac t ice s  is  p rovid ed  in the  d ata  tab s , t illage  manage ment  d oes  not  
ap p ear to b e  an availab le  inp ut  as  of FEAT Vers ion 1.2.7.  FEAT also d oes  not  cons id e r land - use  changes  and  
soil c arb on e miss ions  and  seq ues t rat ion (Camargo, Ryan, & Richard , 20 13). 

Howe ve r, FEAT d oes  not  c alcula te  the  GHG emiss ions  re lat ed  to live s tock or m anure  manage ment  p rac t ice s , 
as id e  from  N2O e miss ions  from manure  ap p lic at ion which is  a  c rop  GHG e miss ion source .  

Ot he r Cons id e ra t ions : Ad d it ional b ene fit s  of FEAT are  that  it  is  a  p re d ic t ion- b ased  m od e l and  is  ca lib ra t ed  
for the  United  State s . Howeve r, as  d iscussed  ab ove , the  tool mod e ls  e miss ions  at  the  farm leve l, which would  
p re sent  challenges  when scaling for a  s ta te - leve l inventory.   

For agricultura l e miss ions , FEAT is  limit ed  to 13 c rop s  in the  Crop  mod ule : b arle y harves t ed  for grain; corn 
harves te d  for grain and  s ilage ; rye  harves te d  for s ilage ; wheat  harves t ed  for grain and  s ilage ; a lfalfa; re d  
c love r; c anola; soyb ean; sugar b ee t ; miscanthus ; switchgrass ; hyb rid  p op lar; and  willow and  limit ed  to 2 
emiss ion sources ; N2O from agricultural soils  (d irec t  and  ind irec t ) and  CO2 from liming (not  inc lud ing 
emiss ions  from urea or othe r non- carb on containing fe rt ilize rs ).  

FEAT s um m a ry re m a rks : FEAT’s  d es ign for whole - fa rm e miss ion b ased  GHG account ing, and  limite d  scop e  
for GHG emiss ion sources  limits  it s  e ffe c t iveness  for use  to comp ile  s ta te - leve l GHG es t imate s  and  
inventory. Sp ec ifica lly, the  tool’s  omiss ion of emiss ions  from land  use , land  use  change  and  fore s t ry 
(LULUCF), a ll live s tock e miss ion sources  (ente ric  fe rmentat ion, and  CH4 and  N2O from manage d  manure ), 
b iomass  b urning, and  urea  and  othe r non- carb on c ontaining fe rt ilize rs  means  that  sub s tant ial emiss ion 
sources  and  s inks  are  not  cons id e red . The  tool would  b e  gene ra lly le s s  e ffe c t ive  than the  current  t ool ut ilized  
b y ANR to d e ve lop  the  s ta te - le ve l inventory (i.e . SIT). 

 

3.1.7 Holos  
De s c rip t ion : Holos  is  a  Canad ian emp irical mod e l, e s t imat ing whole  farm GHG emiss ions  inc lud ing c rop  and  
live s tock GHG e miss ion sources , soil c arb on fluxes ,  and  emiss ions  from ene rgy used  on farm, and  
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as soc iated  with the  manufac ture  and  t ransp ortat ion of farm inp uts  on an annual b as is  (Lit t le  e t  a l., 20 0 8). 
The  d esktop - b ase d  software  is  p rimarily d es igned  to inform GHG mit igat ion on Canad ian farms , b ut  various  
ve rs ions  have  b een mod ified  for int e rnat ional cond it ions . Due  to inc lus ion of e ne rgy and  up s t ream emis s ions  
re la ted  to farm inp uts , Holos  more  c om p le te  in scop e  when cons id e ring whole  farm s ys tem e miss ions  than 
the  othe r tools  that  have  b een reviewed  for ANR, howeve r the se  ad d it ional em iss ion sources  are  not  d ire c t ly 
re levant  for Ve rm ont’s  Agriculture  GHG Inventory. 

Alignm e nt  wit h  IPCC a nd  Re p ort ing Tie r: Holos  use s  IPCC 20 0 6  Tie r 1 and  Tie r 2 me thod s , mod ified  
ap p rop riat e ly for the  farm scale . Ad d it ionally, Holos  was  d es igned  p rimarily as  a  p lanning tool, to t e s t  on farm 
GHG e miss ion red uc t ions , ins tead  of an inventory tool. 

Cos t : Holos  is  free . 

Com p le xit y: Holos  re q uire s  b eginne r knowle d ge  of t he  tool and  is  exp e c te d  to  req uire  a  m ed ium le ve l of 
e ffort . 

Sc a le : Holos  is  m os t  ap p rop riat e  for farm sca le  analys is  and  p lanning.  

Us e : Holos  is  extens ive ly used  for Canad ian and  som e  inte rnat iona l farm life  cyc le  as se ssment  s tud ie s  (Agri-
Food  Canad a, 20 23a) b ut  to ICF’s  knowled ge , has  not  b e en used  inte rnat ionally for inventory e fforts .  

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : For inte rnat ional use , Holos  re q uire s  the  following 
d ata: 

• Locat ion: d aily weathe r, soil d ata  and  p lant  hard iness  zones . 
• Land  managem ent :  

o Fie ld /Crop  Rota t ion comp onents  inc lud ing d ate s , yie ld , t illage , typ e  of c rop  (e .g., green 
manure , s ilage  e tc .), m ois ture  content , p e s t ic id e  p asse s , fue l ene rgy and  he rb ic id e  ene rgy, 
fe rt ilize r and  manure  ap p licat ion, c ove r c rop , and  re s id ue  manage ment , 

o Fie ld - Pe rennial/Grass land  managem ent  inc lud ing are a, his torical manage ment  c rop  typ e , 
irrigat ion, p e s t ic id e  p asse s , fue l ene rgy and  he rb ic id e  ene rgy, fe rt ilize r and  manure  
ap p licat ion,  

o She lte rb e lt s  inc lud ing row length and  numb e r of t ree s , ave rage  c ircumfe rences , sp ec ie s , 
ad d it ional rows , and  ave rage  sp ac ing, 

• Lives tock sys t ems  (Bee f p rod uc t ion, Dairy ca t t le , Swine , Sheep , Poult ry, and  Othe r live s tock): 
o Pop ulat ion d ata , manage ment  p e riod s , we ight  at  b eginning and  end  of management  p e riod s , 

d ie t  com p os it ion inc lud ing ad d it ive s , hous ing management , b ed d ing typ es , and  manure  
hand ling sys tem. 

• On anae rob ic  d iges tors , inc lud ing manure  typ e , b e d d ing mate rial, manure  ad d ed  to  d iges tor d aily, 
total solid s  and  volat ile  solid s , farm re s id ue  sub s t ra t e  d ata . 

All d ata  inp uts  are  c las s ified  as  e ithe r re q uired , op t ional, re comm end ed , op e rat ional and  not  ed itab le  (Agri-
Food  Canad a, 20 23b ) and  these  are  furthe r out lined  in Ap p end ix 3. To comp are  live s tock manage ment  
p rac t ice s , a  use r mus t  e ithe r i) s e t  up  two d iffe rent  farms , ii) s e t  up  two live s tock comp onents  in a  s ingle  
farm or iii) e s tab lish two live s tock “group s” within a  s ingle  farm and  use  the  comp arison func t ion of Holos  
(Agri- Food  Canad a, 20 23a). Com p aring live s tock d ie ts  can b e  achieved  b y c op ying live s tock group s  and  
ad jus t ing the  d ie t  for each group . To mod ify c rop  management  p rac t ice s , a  use r can p re - d e fine  “fie ld  
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com p onent” p aram e te rs  for the  area of inte re s t  and  mod ify s ingle  fie ld  p aram e te rs  through ad d it ion of 
“s ingle  fie ld  comp onents”.  

Ot he r Cons id e ra t ions : Holos  is  current ly only availab le  via  d esktop  software , howeve r, may eventually b e  
availab le  via  an online  use r inte rface . Holos  is  an op e nsource  software . It  is  unc lear what  GWP values  are  
used  in Holos  to conve rt  a ll e s t imate s  to ne t  farm e miss ions  (CO2e ). Holos  use rs  have  acc ess  to e xtens ive  
online  re sources .2 Like  COMET- Planne r, Holos  is  ab le  to cap ture  the  e ffe c t  of one  manage ment  p rac t ice  on 
othe r managem ent  p rac t ice s  and  thus  the  comp le x inte rac t ions  b e twe en GHGs. 

Holos  s um m a ry re m a rks : Holos  is  like ly not  suitab le  for Ve rm ont’s  Agriculture  Inventory e fforts  for two 
reasons : 

1. Holos  is  intend ed  to b e  used  as  a  farm manage ment  and  GHG emiss ion red uc t ion p lanning tool, and  
was  not  d e s igned  for inve ntorying p urp os es ,  

2. Holos  d oes  not  ac count  for all AFOLU emiss ion sourc es  d ue  to it s  p rimary d es ign p urp ose  of whole -
farm ac count ing for live s tock e miss ions . Due  to this  d e s ign, c rop s  a re  e valuated  as  they re late  to 
animal fe ed  p rod uc t ion in the  tool’s  mod e ling of c rop land  p rac t ice s . 

 

3.1.8  IFSM 
De s c rip t ion : The  Integrate d  Farm Sys tem Mod e l (IFSM) is  a  free - to- d ownload , software - b ased  life  c yc le  
emiss ions  mod e l p ub lishe d  b y the  USDA.  Start ing originally as  a  s imulat ion m od e l of d airy forage  sys te ms , 
the  mod e l has  b een cont inually ad d ed  to and  re fine d  ove r the  las t  seve ra l d ec ad es , culminat ing in a  mod e l 
that  s imulate s  a ll major farm c omp onents  on a  p roc e ss  leve l (Rotz, e t  a l., 20 22). IFSM es t imate s  emiss ions  
from c rop  and  live s tock GHG e miss ion sources , as  we ll as  soil c arb on fluxes . Howeve r, whe re  jus t ified  b y a  
lack of availab le  d at a  or the  re lat ive  ins ignificance  of the  emiss ion sourc e , IFSM sp orad ic ally use s  emiss ion 
fac tors  ins tead  of p rocess - b ased  m od e ling for c e rta in emiss ion sources  (Rotz, e t  a l., 20 22).  At  the  t ime  of 
p ub lica t ion of the  mod e l, recent  fie ld  d ata  and  the  m os t  current  and  regionally sp ec ific  ac t ivity d a ta , 
me thod s  and  mod e ls  were  used  and  und e rly e s t imate s  from ente ric  fe rmenta t ion and  manure  emiss ion 
sources . The  IFSM mod e l is  regularly m aintained , and  the re fore  d ata  und e rp inning GHG es t imate s  can b e  
cons id e red  to b e  current  and  gene rat e  a  mix of Tie r 2 and  Tie r 3 me thod s  d ep end ing on the  e miss ion 
source . 

In ad d it ion to gre enhouse  gas  emiss ions  and  environmenta l imp ac ts , IFSM mod e ls  farm p e rformance  and  
economics  (Rotz, IFSM and  DairyGEM tool t raining p re sentat ion, 20 12).  

Alignm e nt  wit h  IPCC a nd  Re p ort ing Tie r: For soil c arb on p ools  and  N2O from  agricultura l soils , IFSM use s  
und e rlying m od e lling from  CENTURY and  DAYCENT and  the re fore  e miss ion e s t imate s  us ing this  mod e lling 
can b e  cons id e red  Tie r 3 . IFSM ut ilize s  an aggregat ion of d iffe rent  m e thod ologie s  from mod e ls  (p rimarily 
DAYCENT), lit e rature , and  IPCC 20 0 6 . 

Cos t : IFSM is  free . 

 
2 Resources include sector specific (i.e. dairy cattle) training guides, FAQ, a summary of input requirements, 
various .csv files of input parameters, scripts, etc.  
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Com p le xit y: IFSM req uire s  sp ec ialis t  knowled ge  and  is  exp ec ted  to req uire  a  high leve l of e ffort . 

Sc a le : IFSM mod e ls  emiss ions  at  the  farm- leve l and  has  b een d es igned  for use  mainly in the  te mp e rate  
regions  of the  northe rn United  State s  and  southe rn Canad a.  Mos t  of the  mod e l ve rifica t ion has  b een d one  in 
the  Mid wes t , Northeas t , and  Pac ific  Northwes t  of the  Unite d  Sta te s , and  m os t  ap p licat ions  of the  mod e l are  
from these  regions , as  we ll as  Queb ec  and  Ontario, Canad a (Rotz, e t  a l., 20 22).  

Us e : IFSM was  p rimarily d eve lop ed  as  a  re search tool t o comp are  and  eva luate  d iffe rent  d airy- p rod uc t ion 
sys tems , and  it  has  b e en used  to c om p are  a  p le thora of s t rat egie s  and  te chnologie s  re late d  to d airy farms  
(Rotz, e t  a l., 20 22). It  has  b een used  to s imulat e  how d iffe rent  m anagem ent  changes  can he lp  d airy farm s  
ad ap t  t o future  c lim ate  change  and  to p e rform a p art ia l life  cyc le  as se ssment  to e s t imate  GHG and  amm onia 
emiss ions  from b ee f p rod uc t ion sys tems  in California  (U.S. Dep artment  of Agriculture , 20 23). 

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : The  mod e l runs  b ase d  on p arame te rs  from three  
sep arat e  inp ut  file s  that  c ontain farm, machine ry, and  weathe r d ata  (Rotz, e t  a l., 20 22). The  tool comes  with 
seve ra l d e fault  farm d ata  file s  that  rep re sent  d iffe re nt  farm s ize s , c rop p ing sys tems , and  othe r re lat ed  
scenarios  (Rotz, IFSM and  DairyGEM tool t raining p re sentat ion, 20 12).  Data from the  farm and  machine ry file s  
can b e  mod ifie d  while  se t t ing up  the  mod e l to re fine  the  s imulat ion to the  use r’s  scenario.  IFSM inc lud es  at  
le as t  one  d e fault  weathe r d ata  file  for each s tate  and  allows  the  use r t o ed it  t he se  d e fault  file s  or c reat e  new 
ones , if need ed  (Rotz, e t  a l., 20 22). At  a  high leve l, ac t ivity d a ta  re q uired  to run IFSM inc lud es  p aram e te rs  
re la ted  to: 

• Animals  and  he rd  s t ruc ture ; 

• Animal fe ed  and  d ie t ; 

• Manure  s torage  and  management ; 

• Grazing p rac t ice s  and  manure  d ep os it ion onto p as ture ; 

• Crop  p lant ing and  charac te ris t ic s ; 

• Tillage  and  harves t  inform at ion; 

• Fert ilize r ap p licat ion to agricultura l soils ; 

• Machine ry and  eq uip ment  used  (not  IPCC AFOLU source , ins tead  re la ted  e miss ions  are  acc ounted  
for und e r Ene rgy and  IPPU); and  

• Soil and  farm charac te ris t ic s . 

IFSM’s  d e tailed  and  e xtens ive  ac t ivity d ata inp ut  re q uirem ents  can re flec t  the  ad op t ion rat e s  and  GHG 
imp ac ts  of various  management  p rac t ic e s .  These  m anagement  p rac t ic e s  inc lud e  the  use  of cove r c rop s , 
grazing p rac t ice s , p rac t ic e s  re lat ed  to fee d  s torage , feed  and  d ie ta ry manage m ent , manure  colle c t ion and  
s torage  (inc lud ing the  use  of anae rob ic  d iges tors ), p rac t ic e s  re late d  to c rop  harves t ing, t illage  and  p lant ing 
p rac t ice s , and  fe rt ilize r and  manure  ap p licat ion to fie ld s . Agrofore s t ry manage ment  p rac t ice s  are  not  
cove re d . Ad d it iona lly, IFSM d oes  not  allow for m od e lling of long- te rm se q ues t rat ion or d e p le t ion of soil 
c arb on, which can b e  affe c te d  b y manage ment  p rac t ic e s  such as  t illage  (Rotz, e t  a l., 20 22). 
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Ot he r Cons id e ra t ions : IFSM m od e ls  GHG e miss ions  and  rem ovals  for all agricultural GHGs  (NO2, CH4, and  
CO2). The  tool m od e ls  e miss ions  from c rop s , soil, and  live s tock and  manure  (Rotz, e t  a l., 20 22). IFSM d oe s  not  
account  for CH4 and  N2O fluxes  re lat ed  to land  use , land  use  change  and  fore s t ry (LULUCF).  Ad d it ionally, 
the  tool req uire s  a  high le ve l of t e chnica l e xp e rt ise  to op e rat e , inc lud ing und e rs tand ing the  p rocesse s  that  
und e rp in emiss ions  sourc es , and  to ca lib rate , if nec essary. The  tool a lso re q uire s  a  high leve l of e ffort  to  learn 
and  op e rate . 

IFSM s um m a ry re m a rks : IFSM was  p rimarily d eve lop ed  as  a  farm leve l GHG account ing, re search and  
teaching tool, and  it  d oes  not  mod e l long- t e rm s eq ues t rat ion and  d ep le t ion of soil c arb on, and  the re fore  
may not  b e  suitab le  for s t ate  leve l GHG inventorying p urp oses . Ad d it ionally, given te chnical and  human 
re sourc e  limitat ions  ANR face , d ue  to the  high leve l of e ffort  and  t echnica l e xp e rt ise  req uire d  to run the  
mod e l, the  mod e l may not  b e  feas ib le  for gene ra t ing s tate  leve l GHG es t imate s .  

3.1.9  SIT 
De s c rip t ion : The  EPA SIT Tool is  an exce l- b ased  inventory tool that  cove rs  the  same  se c tors  and  uses  the  
same  m e thod s  as  the  U.S. GHG Inventory (EPA, 20 24) inc lud ing e s t imate s  of e miss ions  and  removals  from 
c rop  and  live s tock GHG e miss ion sources , and  soil c arb on fluxes . It  is  c lose ly aligned  with the  U.S. GHG 
Inventory, and  much of the  p rovid ed  d e fault  ac t ivity d ata  and  emiss ion fac tors  are  p ulled  from the  U.S. GHG 
Inventory. It s  d e s ign is  s imp le  and  easy- to- use , and  it  req uire s  minimal te chnic al e xp e rt ise  and  inp ut  t o 
d eve lop  a  b as ic  inventory. The  Tool c om es  in a  p rote c te d  Exce l file  and  the re  is  lit t le  op p ortunity for 
cus tomizat ion. The  Tool is  agnos t ic  to manage ment  p rac t ice  ad op t ion and  changes .  

IPCC Alignm e nt  a nd  Re p ort ing Tie r: SIT is  a ligne d  with the  20 0 6  IPCC Guid e lines  and  the  20 19  Re fine ment  
and  SIT d e fault  d ata  and  me thod s  are  b ased  on the  U.S. GHG inventory agriculture  se c tor e miss ion 
e s t imate s  and  m e thod s . For soil organic  carb on and  N2O from  agricultural soils , SIT the re fore  can b e  
cons id e red  to gene ra te  Tie r 3 e s t imate s , as  the  U.S. GHG inventory use s  DayCENT for the se  e s t imate s  (a t  
the  s tate  le ve l). Ente ric  fe rmentat ion and  manure  em iss ion sources  can b e  cons id e red  to b e  Tie r 2, as  the  
U.S. GHG inventory incorp orate s  s tat e  sp e c ific  d a ta  and  sop his t icate d  e s t im at ion me thod s . CH4 and  N2O 
fluxes  from land  use , and  land  use  change  (LULUC) c an b e  c ons id e re d  to b e  Tie r 2 as  they are  b ase d  on 
nat ional s tate - leve l d isaggregate d  d a ta  and  highe r t ie r m od e lling.  

Cos t : SIT is  fre e . 

Com p le xit y: SIT re q uire s  no p rior knowled ge  of the  tool and  is  exp e c te d  to re q uire  a  ve ry low leve l of e ffort . 

Sc a le : The  SIT Tool was  d e ve lop e d  sp e c ifically as  a  s tate - leve l inventory tool. 

Us e : The  SIT Tool is  wid e ly used  b y s tat e  gove rnm ents . 

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : The  SIT Tool inc lud es  b uilt - in, d e fault  ac t ivity d a ta  
and  emiss ion fac tors  b ut  gives  the  use r the  op t ion of ente ring the ir own d ata  and  emiss ion fac tors  in the  
Control tab . The  d e fault  d ata  and  e miss ion fac tors  a re  p ulle d  from a varie ty of sources , b ut  the  p rimary 
source  of informat ion is  the  U.S. GHG Inventory; d ata  sources  are  p rovid ed  to the  use r for all e miss ions  
fac tors  and  d ata  se ts  within the  SIT Tool via  Exce l c omm ents . When us ing d e fault  SIT d ata  and  e miss ion 
fac tors , the  only req uire d  inp ut  is  se lec t ing the  s tate . Howe ve r, c e rtain s tate - s p ec ific  ac t ivity d ata  are  not  
p rovid ed  in the  d e fault  d a tase t  and  req uire  use r inp ut , such as  d e fault  d ata  on his tosols .  
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As  p re vious ly ment ione d , use rs  can ente r the ir own ac t ivity d ata  and  e miss ion fac tors  in the  SIT Tool.  
Ac t ivity d a ta  that  can b e  use r- ente re d  in the  agriculture  SIT mod ule  inc lud es  animal typ e  and  p op ulat ion for 
live s tock emiss ions  and  c rop  typ e , c rop  p rod uc t ion, and  fe rt ilize r use  for c rop land  emiss ions . In the  LULUCF 
mod ule , use rs  can ente r various  ac t ivity d ata , the  m os t  re levant  b e ing carb on flux d ata  for b oth agricultural 
soils  and  fore s ts . 

The  SIT suite  and  it s  GHG es t imate s  are  agnos t ic  to managem ent  p rac t ice  changes . The  tool d oes  not  
gene rat e  GHG es t imate s  of a  b ase line  s ituat ion or s cenario without  manage m ent  p rac t ic e  changes , and  a  
sub seq uent  se t  of e s t imate s  that  re flec t  if new GHG mit igat ion managem ent  p rac t ic e s  were  to b e  
imp lem ented . This  means  that  the  tool cannot  e s t im ate  and  t rack GHG imp ac t s  of conse rva t ion p rac t ic e  
ad op t ion. 

It  is  ab le  to mod e l e miss ions  from various  m anure  m anagement  sys t ems  us ing emiss ions  fac tors  from the  
U.S. GHG Inventory that  a re  sp ec ific  to each sys te m. These  emiss ions  are  re p orted  b y animal typ e , ad d ing an 
ad d it ional le ve l of granularity. Howeve r, the  tool d oes  not  p rovid e  a  c omp le te  b reakd own of a ll p otent ial 
manure  managem ent  sys t ems  and  is  notab ly miss ing ce rtain sys tems  p op ular in Vermont , such as  anae rob ic  
d iges te rs  and  manure  inje c t ion.  

As  d iscussed  in the  DAYCENT summary, the  U.S. GHG Inventory ut ilize s  DAYCENT to m od e l N2O e miss ions  
and  soil organic  carb on, the  d ata  from which is  fed  into the  LULUCF mod ule  of t he  EPA SIT Tool. ICF 
rec om mend  that  ANR d isc uss  with EPA whe the r the  ad op t ion of various  conse rvat ion p rac t ice s  was  
re fle c t ed  in DAYCENT mod e ling that  was  ut ilize d  in the  U.S. GHG Inventory, b e cause  if so, SIT Tool e s t im ate s  
would  p rovid e  e miss ion e s t imate s  that  a lread y re fle c t  mit igat ion up take  of the se  p rac t ic e s .  

Ot he r Cons id e ra t ions : Be ne fit s  of the  SIT tool inc lud e  it s  s imp le  use r int e rfac e , low leve l of re q uired  
technica l e xp e rt ise , m eaning the  use r can gene ra te  a  s tate - leve l inventory re lat ive ly e as ily and  q uickly. The  
Tool is  free  to d ownload , und e rgoes  regular maintenance , and  was  las t  up d ate d  in 20 24.  

The  agricultura l m od ule  d oes  not  m od e l soil c arb on fluxes ; the re fore , the  LULUCF m od ule  mus t  b e  used  in 
conjunc t ion with the  agric ultural mod e l to account  for soil c arb on fluxes  re la te d  to agricultura l land s . Soil 
c arb on fluxes  re lat ed  to agricultura l land s  can s t ill b e  re p ort ed  a longs id e  a ll othe r agricultural GHG e mis s ions  
in a  s tate  leve l inventory. Direc t  N2O e miss ions  from  N mine ralizat ion, Dire c t  N2O emiss ions  from d rainage  of 
his tosols , and  re la ted  ind irec t  N2O e miss ions  from m anaged  agricultural soils  a re  not  current ly e s t imated  in 
the  SIT Agriculture  mod ule  (us ing d e fault  d ata  ent ry and  no use r- sp ec ific  mod ificat ions ).  

The  SIT Tool is  d e s igned  to p rote c t  the  use r agains t  manual d ata  ent ry e rrors , and  has  limite d  
cus tomizab ility, as  the  majority of calculat ions  occur in p rote c t ed  c e lls . Cus tomizat ion is  limit ed  to changing 
emiss ion fac tors , cons tants , and  ac t ivity d ata , whe re  allowed .  

SIT s um m a ry re m a rks : SIT is  d e s igned  sp ec ifica lly as  a  s tate  inventorying tool, is  free ly availab le , ac counts  
for emiss ion sourc es  on at  le as t  IPCC Tie r 2 leve l me thod s  and  re q uire s  minim al human and  te chnical 
re sourc es  to c arry out  a  c omp le te  annual GHG inve ntory. Give n  ANR’s  re s ourc e  a va ila b ilit y , ICF 
re c om m e nd  t ha t  SIT is  t he  b e s t - s u it e d  c urre n t ly  ava ila b le  t ool for Ve rm ont  t o  d e ve lop  a  s t a t e  le ve l 
inve n t ory. 

The  SIT Agriculture  mod ule  is  not  comp le te  in it s  cove rage  of e miss ion source s  and  s inks , notab ly not  
e s t imat ing two sources  of N2O emiss ions  from agricultural soils ; Direc t  N2O from nit rogen mine ra lizat ion in 
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soil organic  mat te r following d rainage  or manage me nt  of organic  soils  or cult ivat ion or land  use  change  on 
mine ral soils  (e .g. grass land  conve rt ed  to c rop land ), and  Direc t  N2O from d rainage  of organic  soils  (his tosols ) 
if the  use r is  us ing d e fault  SIT d ata . These  emiss ion sources  are  worth acc ount ing for b ut  d e p end ing on s tate  
land  managem ent  may not  compris e  s ignificant  emiss ion sources  (cons id e re d  to c ont rib ute  >2% of all 
agricultura l e miss ion sources ). To account  for the se  emiss ion sources , ANR m ay wish to commiss ion 
d eve lop m ent  of, or d e ve lop  a  s imp le  sp read shee t  to  gene rat e  e s t imate s  of the se  ad d it iona l unaccounte d -
for sources  and  ad d  the  e s t imate s  to the  inventory totals  as  gene rat ed  b y SIT, or use  an exis t ing tool.  

Soil c a rb on  fluxe s  from  c rop la nd  s oils  a nd  m a na ge d  a gric u lt u ra l p a s t u re  (Ve rm ont  ind ic a t e d  t h is  is  a ll 
gra s s la nd  in  Ve rm ont ) a re  e s t im a t e d  in  t he  SIT LULUCF m od ule , whic h  ANR m a y c hoos e  t o  re p ort  
a longs id e  e m is s ions  e s t im a t e d  b y t he  SIT Agric u lt u re  m od ule  for a gric u lt ura l p rod uc t ion  a c t ivit ie s , 
whic h  would  s up p ort  p olic ie s  a nd  re la t e d  d e c is ion  m a king for a gric u lt u ra l e m is s ion  m it iga t ion , b y 
c ons id e ring e m is s ions  a nd  re m ova ls  of a gric u lt u ra l la nd  in  t he ir e n t ire t y . 

SIT is  agnos t ic  to manage ment  p rac t ice  changes  and  the re fore  has  no way of gene rat ing outp uts  for 
mit igat ion GHG im p ac ts  from managem ent  p rac t ice  ad op t ion and  changes . ANR would  ne ed  to e mp loy 
othe r tools , or ap p ly em p irical mod ific at ions  to re sult s  outp ut  b y SIT, to acc ount  for the  GHG im p ac ts  of 
managem ent  p rac t ice  changes . ICF re c om m e nd  COMET- Pla nne r a s  a  p ot e n t ia l t ool us e ful t o  ANR t o 
a c c ount  for t he  GHG im p a c t s  of m a na ge m e nt  p ra c t ic e  c ha nge s .  

3.1.10  U.S. EPA Disaggre ga t e d  St a t e  Le ve l GHG Inve ntory Da ta  
De s c rip t ion : U.S. EPA d isaggregate d  s tat e  leve l d a ta  inc lud es  s tat e  GHG d ata that  is  cons is tent  with and  
com p lem entary to the  Inventory of U.S. Greenhous e  Gas  Emis s ions  and  Sinks  (EPA, 20 23). As  such, s tate  
leve l GHG es t imate s  p re sented  in the  d isaggregate d  d ata  a re  b ased  on the  same  me thod ologie s  as  the  
nat ional inventory, and  c ove r the  same  t im e  se rie s , greenhouse  gases , and  anthrop ogenic  sourc es  and  s inks  
as  the  nat ional inventory (EPA, 20 23).  Ad d it iona lly, b ecause  the  s tate  le ve l d a ta  is  cons is tent  with the  
nat ional inventory, it  a ligns  with emiss ion source  cat egorie s  in inte rnat ional s tand ard s  and  guid e lines  
inc lud ing IPCC (EPA, 20 23).  Im p ortant ly, the  U.S. GHG Inventory is  not  a  mod e ling tool; howeve r, it  c an b e  
ut ilized  as  a  sourc e  of ac t ivity d a ta  for s ta te  inventory d e ve lop ment . This  s tate  le ve l d a ta is  free ly availab le  
through req ues ts  to EPA. 

IPCC Alignm e nt  a nd  Re p ort ing Tie r: The  d ata  rep re sents  GHG es t im ate s . The  t ie r used  to d eve lop  the  GHG 
es t imate s  is  accurat e ly d e sc rib ed  in SIT; b rie fly, soil organic  carb on and  N2O from agricultura l soils  re fle c t  
Tie r 3 e s t imate s , ente ric  fe rm entat ion and  manure  emiss ion sources  re fle c t  Tie r 2 e s t imate s , and  CH4 and  
N2O fluxes  from land  use , and  land  use  change  (LULUC) re fle c t  Tie r 2 e s t imate s . The re  are  no me thod s  or 
emiss ion fac tors  in the  d a ta  as  it  re p re sents  c om p iled  e s t imate s  only. 

Cos t : EPA Disaggregated  State  Le ve l Data is  fre e  b ut  may req uire  som e  t ime  inves tment  to ge t  the  d ata  into 
a  useab le  format  for GHG inventorying p urp oses . 

Com p le xit y: The  U.S. EPA Disaggregated  d ata  is  not  an e s t imat ion tool, so the se  c rit e ria  we re  not  as se ssed . 

Sc a le :  The  d isaggregated  d ata  from the  U.S. GHG Inventory is  availab le  at  the  s tate  leve l. 
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Us e : The  Inventory of U.S. Greenhous e  Gas  Emis s ions  and  Sinks  is  the  offic ial inventory d e ve lop ed  b y the  
U.S. Gove rnm ent , and  s tat e - le ve l d ata  from this  nat ional inventory is  ut ilized  b y seve ral s ta te s  in the ir s t ate -
leve l inventorie s . 

Ac t ivit y  Da t a  a nd  Cove ra ge  of Ma na ge m e nt  Pra c t ic e s : The  U.S. GHG Inventory and  it s  d isaggregate d  d ata  
is  not  a  mod e ling tool. As  an exam p le , the  inventory use s  DayCENT to m od e l CO2 flux from  c rop land  and  
grass land , which d oes  re q uire  d ata  inp uts  that  in many cases  re flec t  managem ent  p rac t ic e s , and  thus  
p rovid e  a  GHG emiss ions  e s t imate  re fle c t ing that  m anagement  sc enario, for a  s ingle  p oint  in t im e . The re fore , 
b y c om p aring GHG es t imate s  from two p oints  in t im e , with an und e rs tand ing of the  manage ment  p rac t ic e  
re levant  inp ut  d a ta  that  und e rp ins  the  two GHG es t imate s , furthe r ana lys is  could  d e te rmine  what  the  ne t  
GHG e ffe c t  of sp ec ific  changes  in management . 

Ot he r Cons id e ra t ions : The  d ata  is  fre e ly availab le .  

U.S. EPA Dis a ggre ga t e d  St a t e  Le ve l Da t a  s um m a ry re m a rks : ICF recom mend  the  d ata  is  highly use ful t o 
valid a te  e s t imate s  gene ra ted  e ithe r b y SIT or anothe r e miss ion e s t imat ion tool that  ANR should  choose  to 
use  to gene ra te  s tat e  leve l GHG es t imate s .  

4 . Ac t ivity Data  

4 .1 U.S. EPA St a t e  Inve nt ory Tool De fault  Da t a  
As  d iscussed  in the  Mod e l and  Tool Review, when us ing SIT, the  only req uire d  inp ut  is  the  s tate  of inte re s t , as  
d e fault  d ata  is  availab le  for all othe r ac t ivity d ata . Figure  1, ad ap ted  from the  Us e r's  Guid e  For Es t imat ing 
Carb on Dioxid e , Me thane , and  Nit rous  Oxid e  Emiss ions  from Agriculture  us ing the  State  Inventory Tool, 
shows  all ac t ivity d ata  ut ilized  in the  SIT Agriculture  mod ule . While  a  varie ty of sources  are  re fe renc ed , the  
p rimary sourc e  of d e fault  ac t ivity d ata  is  the  U.S. Greenhouse  Gas  Inventory of Emiss ions  and  Sinks .  

Limitat ions  of the  SIT Agriculture  mod ule  inc lud e  that  it  lacks  d e fault  his tosols  d ata .  Emiss ions  of N2O 
d rainage  of organic  his tosols  can b e  e s t imate d  in the  tool, b ut  d ata  mus t  b e  known and  ente re d  b y the  use r. 
Soil organic  carb on from his tosols  is  a lso m od e le d  b y SIT b ut  is  e s t imate d  in the  LULUCF m od ule . 
Ad d it iona lly, as  d iscussed  in the  Mod e l and  Tool Re view, SIT d oes  not  inc lud e  c e rtain manure  manage me nt  
sys tems  in the  d e fault  m anure  manage ment  sys te m  b reakd own p e rcentages  (e .g., anae rob ic  d iges tors ).  

To re p ort  a  c om p le t e  Agric u lt u ra l GHG inve n t ory, ICF re c om m e nd  t ha t  ANR re p ort  s o il c a rb on  
e m is s ions  a nd  re m ova ls  from  a gric u lt u ra l la nd s  a s  e s t im a t e d  b y t he  SIT LULUCF m od ule  a longs id e  GHG 
e s t im a t e s  from  t he  SIT Agric u lt u re  m od ule . The  SIT LULUCF a n d  Agric u lt u ra l m od ule s  d o  not  ove rla p ; 
t he re fore , e s t im a t e s  of s oil c a rb on  fluxe s  in  t he  LULUCF m od ule  c a n  b e  d ire c t ly a d d e d  t o  o r s ub t ra c t e d  
from  GHG e m is s ions  in  t he  Agric u lt u ra l m od ule . Th is  c a n  b e  d one  m a nua lly o r t h rough  t he  SIT Synt he s is  
Tool. If us ing t he  SIT Synt he s is  Tool, ANR c a n  fu lly c om p le t e  t he  a gric u lt u re  m od ule  a nd  on ly c om p le t e  
t he  Agric u lt u ra l s o il c a rb on  fluxe s  s e c t ion  o f t he  LULUCF m od ule , s o  on ly t he s e  e m is s ions  a nd  
s e q ue s t ra t ion  a re  c ons id e re d  whe n  s yn t he s izing t he  t wo m od ule s . 

https://www.epa.gov/system/files/documents/2024-02/ag-module-users-guide_508.pdf
https://www.epa.gov/system/files/documents/2024-02/ag-module-users-guide_508.pdf
https://www.epa.gov/statelocalenergy/download-state-inventory-and-projection-tool
https://www.epa.gov/statelocalenergy/download-state-inventory-and-projection-tool
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Figure  1: Re q uired  Ac tivity Data to  run the  EPA State  Inve ntory Tool (SIT). 

Soil c arb on fluxes  are  e s t imate d  in the  SIT LULUCF mod ule .  In the  SIT LULUCF Vers ion 20 24.1, soil c arb on 
fluxes  on agricultural land s  (c rop land  and  grass land ) use  d e fault  d a ta  ob tained  from the  U.S. GHG Inventory 
s tate - le ve l b reakd own, and  cons id e r all C p ools  (ab ove  ground , b e low ground , d ead wood , lit te r, soil organic , 
and  soil mine ral) und e r Crop land  Remaining Crop land , Land  Conve rte d  to Crop land , Gras s land  Remaining 
Gras s land , and  Land  Conve rted  to Gras s land .  This  re fle c ts  a  re cent  change  in the  SIT LULUCF mod ule  as , 
p rior t o 20 23, the  mod ule  d id  not  cons id e r carb on flux from ab oveground  b iomass , b e lowground  b iomass , 
d ead wood , and  lit te r in c rop land  and  grass land  e cosys tems  (EPA, 20 24). The re fore , the  d e fault  d ata  in the  
mos t  current  SIT LULUCF mod ule  now m ore  ac curat e ly re flec ts  the  d ata  rep orted  in the  U.S. Gre enhouse  Gas  
Inventory of Emiss ions  and  Sinks  and  is  b e t te r ab le  to re p re sent  ac tua l e miss ions  and  rem ovals  for 
Ve rmont’s  AFOLU GHG Inventory.  

4 .2  Ve rm ont  St a t e  Sp e c ific  Dat a  
ANR p rovid e d  ICF with a  samp le  of agricultura l ac t ivity d ata  that  is  collec ted  on a  recurring b as is . Tab le  1 
p rovid es  a  summ ary of ke y find ings  of the  d ocum ents  that  ICF reviewed .  
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Table  1: Ke y find ings  of ICF ac t ivity d ata re vie w for agric ulture  inve ntory re levant  d ata p rovid e d  by Ve rmont. 

Na m e  File  Typ e  Inc lud e d  Da t a  Not e s  

PDB Prac t ic e  
Exp ort  
Examp le s  for 
ICF 

Exc e l Crop  typ e , ac re s  
ap p lie d , p rac t ice  
ap p lie d , and  loc at ion 
ap p lie d .  

The  file  c ontains  use ful informat ion on p rac t ic e s  ap p lie d  to farms , 
suc h as  no- t ill or c ove r c rop p ing. If the  d atase t  inc lud es  s ta te wid e  
land  area , a  full re vie w of the  d atab ase  c ould  inform e miss ion sc aling 
re la te d  to c onse rvat ion p rac t ic e  ad op t ion in Ve rmont .  

VT_ P_ Ind e x_
6 .3 (1) 

Exc e l Ve rmont  sp e c ific  
informat ion on growing 
se ason runoff, runoff 
ad jus tme nt  fac tors , % 
c ove r, ave rage  
p re c ip ita t ion, manure  
inc orp orat ion 
informat ion, and  
hyd rologic  soil group s  

The  P Ind e x c ould  b e  use ful for some  p arame te rs  (suc h as  growing 
se ason runoff, runoff ad jus tme nt  fac tors , and  ave rage  % cove r) b ut  
is  a  tool d es igne d  for the  use r to inp ut  informat ion and  d oe s  not  
have  d ata  on P runoff.  Pe r the  tool, the  Phosp horus  (P) Ind e x is  a 
tool d e ve lop ed  to  as se s s  the  p ote ntial for p hos p horus  runoff from 
ind ivid ual fie ld s  bas e d  on soil and  fie ld  c harac te ris t ic s  and  on 
manage me nt p rac t ic e s . 
 
The  P- Ind e x a lso re q uire s  input  on manure  ap p lic at ion, inc lud ing 
ra te ; ap p lic at ion t ime  of ye ar; ap p lic at ion me thod ; t ime  to 
inc orp orat ion; and  manure  typ e  (e .g., d airy). This  informat ion c ould  
p ote nt ia lly be  use d  to inform inve ntory d e ve lop me nt , e sp e c ia lly 
give n Ve rmont’s  large  live s toc k p op ulat ion and  the  s tand ard ize d  
format  of the  P- Ind e x.  It  c ould  a lso p rovid e  informat ion on manure  
ap p lic at ion me thod  ad op t ion. Howe ve r, the  P- Ind e x re p orts  manure  
ra te s  in te rms  of lb s . P2O5/ac re , whic h is  not  p art ic ularly use ful for 
inve ntorying give n the  lac k of re p ort ing on nit roge n and  c arb on. 

CowPowe r_ f
orICF_ 20 230
6 0 9  

Exc e l Farms  with anae rob ic  
d ige s te rs  (c ount  and  
numb e r of he ad  
c ove re d ) and  
e s t imate d  b iogas  
p rod uc t ion 

This  d ata  (c omb ine d  with EPA’s  AgSTAR Lives toc k Anae rob ic  
Dige s te r Datab ase ) c ould  b e  use d  to inform e miss ion scaling for the  
ad op t ion of anae rob ic  d ige s te rs  and  e miss ions  from manure  
manage me nt . 

20 22_ Ag 
Mod ule  

Exc e l De fault  d ata  on 
fe rt ilize r ap p lic at ion, 
c rop  ac re age , animal 
p op ulat ion, and  
lime s tone  and  ure a 
ap p lic at ion 

EPA’s  Sta te  Inve ntory Tool agric ulture  mod ule , in whic h ANR use d  
the  d e fault  se t t ings . De fault  d ata  within the  mod ule  c ould  b e  
imp rove d  up on with ad d it ional targe te d  researc h (e .g. c onfirmat ion 
of imp ortant  p arame te rs  such as  live s toc k p op ulat ion, typ ic al animal 
mass  (livewe ight ), and  volat ile  solid s /nit roge n e xc re te d ). 

Examp le  Ag 
Data  for ICF 

PDF Ge ne ral informat ion on 
farm animal p op ulat ion 
numb e r, was te , and  
land  area  d ata 

Animal p op ulat ion data  is  not  c las s ifie d  b y age  and  d oe s  not  p rovid e  
month of b irth /  s laughte r /  los ses  d ue  to illness . Data on month of 
b irth or s laughte r c ould  sup p ort  highe r t ie r p op ulat ion mod e lling 
that  und e rp ins  lives toc k GHG e miss ion e s t imate s . Also not  inc lud e d  
is  animal we ight  d ata and  b ree d  d ata  (i.e ., he rd  s t ruc ture ) whic h 
c ould  sup p ort  analys is  of whe the r the  ave rage s  use d  from U.S. GHG 
Inve ntory (SIT) are  re p re se ntat ive  of Ve rmont’s  agric ultural 
p rod uc t ion c irc ums tanc es . Animal was te  d ata d oe s  not  have  
e xc re ta  c omp os it ion, and  c olle c t ion of this  d ata  c ould  supp ort  
analys is  of and  p oss ib le  de ve lop me nt  of Ve rmont  sp e c ific  d ata  to 

https://www.epa.gov/agstar/livestock-anaerobic-digester-database
https://www.epa.gov/agstar/livestock-anaerobic-digester-database
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b e  use d  in e s t imates  of N2O and  CH4 from manure  manage me nt , 
and  c ould  b e  use d  to jus t ify any varianc e  from the  re gional 
(Northe as t ) animal was te  data  that  is  use d  is  SIT as  re p re se ntat ive  
of Ve rmont . 

 
Two ad d it ional sources  of Ve rmont- sp e c ific  ac t ivity d ata  were  also  id ent ified  and  inves t igated  in d e tail, 
name ly the  nut rient  management  p lans  (NMPs) p rovid ed  b y the  Ve rm ont  Agency of Agriculture , Food  and  
Marke ts  (AAFM) and  p ub lic ly availab le  d a ta  inp uts  ut ilized  in the  d eve lop ment  of the  Vermont  Carb on 
Bud ge t . 

A tota l of 37 Large  Farm Op erat ion (LFO) nut rient  m anagement  p lans  were  p rovid e d  b y AAFM. The  p lans  
were  reviewed  p rimarily to id ent ify ac t ivity d a ta , e s p ec ia lly ac t ivity d ata  to c omp are  to d e fault  d a ta  in SIT, 
and  p otent ial ad op t ion rat e s  of b oth c rop land  and  m anure  manage ment  p rac t ice s . The  majority of the se  
p lans  were  p re p are d  b y two d iffe rent  consultanc ie s , Bord e au Brothe rs  of Mid d le b ury, Inc . (16  NMPs) and  
Agricultura l Consult ing Se rvice s  (ACS) (13 NMPs), with the  rem aind e r (8  NMPs) b e ing d raft ed  ind e p end ent ly 
or b y othe r p lanne rs /cons ultants . Due  to the  la rge  numb er of p lans  p rovid ed  b y AAFM, a samp le  of p lans  
from e ach group  were  re viewed  b y p rimarily focus ing on p lans  p rep ared  b y the  two major consultanc ie s  as  
the se  mad e  up  nearly 80 % of the  p rovid ed  p lans . Each consultanc y has  a  d iffe rent  format  for the ir NMPs  and  
rep orts  d iffe rent  d ata , making d irec t  comp arison of NMPs  p rep ared  b y d iffe re nt  ent it ie s  d ifficult .  This  
re fle c ts  a  gene ral challenge  that  was  encounte red  when reviewing NMPs  for p otent ial ac t ivity d a ta  and  
p rac t ice  ad op t ion rat e s . The  incons is tency in rep ort ing, in te rms  of b oth d ata  p rovid ed  and  format , will limit  
q uick d ata  ext rac t ion and  analys is  for imp roving ac t ivity d a ta  inp ut  into SIT, or d eve lop ing othe r inventory 
informat ion to  imp rove  GHG es t imate s . 

The  p lans  d o p rovid e  re levant  informat ion that  may b e  used  in s tud ie s  re lat ed  to sp e c ific  inventory 
imp rove ments , or to inform d e c is ions  re la ted  to im p roving and  s tand ard izing d ata  c olle c t ion and  rep ort ing. 
For examp le , the  nut rient  managem ent  p lans  rep ort  animal p op ulat ion, mass , and , in the  case  of d airy c ows , 
milk p rod uc t ion.  The  p lans  p re sent  m anure  analyse s  that  inc lud e  nit rogen c ontent  of manure . As  out lined  in 
the  Verm ont  Carb on Bud ge t , informat ion on fe rt ilize r rate s , typ es , and  ap p lic at ion; manure  manage ment ; and  
land  use / c rop  manage me nt  p rac t ice  ad op t ion, such as  cove r c rop s , re s id ues , t illage , and  nut rient  ad d it ions , 
are  also  inc lud ed  (Galford , 20 22). 

ANR might  c ons id e r s tand ard izing future  d ata  c olle c t ion and  focus  on re d es ign of q ues t ions /d ata  collec t ion 
for ce rtain high p riority areas  of d ata  for the  GHG inventory, for e xamp le  manure  manage ment  d ata , such as  
typ es  of was te  manage me nt  sys tems , q uant it ie s  and  typ es  of was te  b e ing managed  in each manure  
managem ent  sys te m, and  cap ture  of the  full manure  managem ent  chain p rac t ice s  inc lud ing, d ep os it ion, 
t reatment , t ransp ort , s torage  and  ap p lica t ion. ICF re c om m e nd  t h is  a s  a  p riorit y  for Ve rm ont ’s  inve n t ory 
t e a m  b e c a us e  a t  p re s e n t , a c t ivit y  d a t a  from  t he  nu t rie n t  m a na ge m e nt  p lans  a re  not  a b le  t o  b e  e a s ily  
e xt ra c t e d  a nd  u t ilize d  for t he  inve n t ory. This  will fac ilita te  Vermont  to b e t t e r rep re sent  Ve rmont  sp ec ific  
manure  managem ent  c irc ums tances  and  will enab le  rep ort ing of m ore  ac curat e  CH4 and  N2O manure  
managem ent  inventory e s t imate s .  

Gene rally for inventorying, q ues t ions  are  c are fully d e s igned  with agricultura l inventory d ata  re q uirem ent s  in 
mind , and  so that  re sp ond ents  cannot  mis inte rp re t  and  p otent ially mis rep ort  agricultura l ac t ivit ie s  oc curring 
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on land  they manage . As  an exam p le , a t  the  nat ional leve l, agricultura l inventory d ata  is  c olle c te d  through an 
annual survey and  va lid at ed  e ve ry few years  via  an agricultura l c ensus . Two exam p les  of the se  nat ional leve l 
d ata  c olle c t ion m echanisms  are : 

1. The  United  State s  20 22 Census  of Agriculture : 
ht tp s :/ /www.nass .usd a.gov/AgCensus /Rep ort_ Form _ and _ Ins t ruc t ions /20 22_ Rep ort_ Form /20 22_ Co
A_ Ques t ionnaire_ Final.p d f, and  

2. The  New Zealand  Agricultural Prod uc t ion Stat is t ic s  Survey: 
ht tp s :/ /d a tainfop lus .s tat s .govt .nz/ Ite m/nz.govt .s tats /6 36 2a46 9- f374- 412e - ac 25- d 76 fd 0 9 6 20 0 3  

Tab le  2 inc lud es  a  m ore  d e tailed  d esc rip t ion of sec t ions  of an exam p le  nut rient  manage ment  p lan that  was  
analyzed . 

Table  2: Availab le  ac t ivity d ata and  note s  from e xamp le  nutrie nt  manage me nt p lana 

Na m e  File  Da t a  Typ e  Not e s  

[ ] Annual 
Re p ort  
Re view 

PDF Ge ne ral informat ion 
on farm animal 
p op ulat ion numb e rs , 
was te , and  land  area  
d ata 

Contains  survey informat ion, suc h as  re p ort ing whe the r the  use r has  
fille d  out  the  P Ind e x and  Nit roge n Le ac hing Ind e x, whe ther manure  
and  soil s amp le s  we re  sub mit te d , and  more . 

[ ] Ap p e nd ix 
D 20 23 

PDF Animal was te  in solid  
tons / ft 3) a longs id e  
gallons  (as  re p orte d  
in Annual Re p ort ) 

N/A 

[ ] Farm Info 
20 23 

PDF Ge ne ral farm d ata This  file  inc lud e s : 

• Ge ne ral farm informat ion, inc lud ing owne d  and  le ase d  land  
and  which ac reage  is  t illab le .  

• A q ualita t ive  d isc uss ion of t illage  p rac t ic es  and  d ata  on 
t illage  op e rat ion and  e q uip me nt , whic h is  use ful for e ne rgy-
b ase d  e miss ion e s t imate s .  

• Informat ion on typ ic al c rop  rota t ion; howe ve r, this  
informat ion is  q ualita t ive  and  is  thus  not  p art ic ularly 
ap p lic ab le  to inve ntorying e ffort s .   

• Cat t le  informat ion, p rovid e d  in tab le  format . In this  tab le , 
the re  is  a  c olumn for typ e /b re e d , b ut  the  b re e d  is  not  
re p orte d .  Ins te ad , only whe the r d airy or b e e f, age , and  
whe the r lac ta t ing is  re p orte d , and  the  age  c lass  only 
c ons id e rs  1 - 12 months  or othe r. In this  part ic ular e xamp le , 
a ll ca t t le  are  fe male . This  se c t ion a lso inc lud e s  we ight  and  
milk p rod uc t ion p e r d ay. Howe ve r, milk fa t  and  p rote in 
p e rc e nt  are  not  inc lud e d , whic h is  ne e d e d  for Tie r 2 
inve ntory e s t imate s .  

• Qualita t ive  informat ion on manure , as  we ll as  an ind icat ion 
of the  typ e  of manure  manage d  (i.e ., solid  and /or liq uid ).  
Also inc lud e d  is  sp re ade r e quip me nt  informat ion, whic h is  
use ful for e ne rgy e miss ion es t imate s . The  te mpe rature  of 

https://www.nass.usda.gov/AgCensus/Report_Form_and_Instructions/2022_Report_Form/2022_CoA_Questionnaire_Final.pdf
https://www.nass.usda.gov/AgCensus/Report_Form_and_Instructions/2022_Report_Form/2022_CoA_Questionnaire_Final.pdf
https://datainfoplus.stats.govt.nz/Item/nz.govt.stats/6362a469-f374-412e-ac25-d76fd0962003
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the  manure  manage me nt  sys te m is  not  inc lud e d , a lthough 
loc al we athe r d ata  c ould  b e  ap p lie d . 

[ ] Fie ld  
Inve ntory 
20 23 

PDF Exte ns ive  d ata on 
fie ld  c rop /p as ture  
rota t ions , ac re s  
(owne d / le ase d ), soil 
typ e , and  re sult s  from 
soil te s ts  (P, K, p H). 

An analys is  of a  re p re sentat ive  se le c t ion of farms would  b e  re q uire d  
to d e rive  valuab le  inventory d ata  from this  re p ort ing.  

[ ] Manure  
Sourc e s  
20 23 

PDF Manure  typ e , s torage  
typ e , and  tota l N 
c onte nt /othe r 
nut rie nt  c onte nt  

Inc lud e d  is  some  farm- le ve l d ata  on the  manure  typ e  and  the  
s torage  typ e , as  we ll as  the  nut rie nt  c onte nt  of manure . This  c ould  
b e  use ful for assess ing manure  manage me nt  in Ve rmont .  

[ ] P Ind e x 
20 23 

PDF Manure  ap p licat ion 
ra te s , ap p lic at ion 
me thod , e ros ion ra te , 
soil typ e , c rop  typ e , 
and  surfac e  c ove r % 

This  c ould  b e  use ful for d e te rmining fe rt ilize r ap p lic at ion me thod s  
and  for looking a t  manure  app lic at ion ra tes .  

Manure  Te s ts  PDF Te s te d  c omp ound s  
inc lud e  nit roge n, 
ammonium nit roge n, 
organic  nit roge n, 
p hosp horus , 
p hosp hate  e q uivale nt , 
p otas s ium, p otash 
e q uivalent , tota l 
solid s , and  d ens ity 

Various  re sult s  of manure  te s t s  are  inc lud e d , whic h re p ort  nit roge n, 
ammonium nit roge n, and  organic  nit roge n; these  c omp ound s  are  
valuab le  for inve ntory e ffort s . Howe ve r, the  d ata  may be  inc omp le te  
as  it  is  not  re p orte d  a longs ide  animal b e havior (i.e ., d e fe c at ion 
p rofile  throughout  the  d ay), manure  d e p os it ion t iming, manure  
s torage  t iming, we athe r data , and  more .  

S22-
0 3855_ UVM 
Exte ns ion 
NW Crop s  & 
Soils  and  
S22-
0 386 5_ UVM 
Exte ns ion 
NW Crop s  & 
Soils  

PDF Soil te s t s  showing soil 
nut rie nt  c omp os it ion 
(e .g., K- P- Mg) 

The se  te s t  re p orts  d o have  re c omme nd e d  ap p licat ion ra te s  for 
c e rta in c rop  typ es  for Ve rmont , whic h c ould  b e  use ful for e s t imat ing 
typ ic al N fe rt ilize r ap p lic at ion ra te s .  

[ ] Shap e  
File s  

Vario
us  

GIS d ata  Fold e r inc lud es : .c p g, .d b f (d atab ase  file ), .p rj, .sb n, .sb x, . shp , .xml, 
and  .shx file s . File  typ es  will ne e d  to b e  op e ne d  in GIS software  or 
c onve rte d  to b e  op e ne d  in Google  Earth Pro. 

aFarm names  we re  re move d  and  re p lac e d  with b rac ke ts  for c onfid e nt ia lity. 

As  rec om mend ed  in the  Verm ont  Carb on Bud ge t  re p ort , ANR should  aim to e xt rac t  the  re le vant  ac t ivity d ata  
from these  nut rient  management  p lans  into a  cent ralized  d a tab ase , which can b e  ut ilized  for inventorying 
p urp oses  (Galford , 20 22). Once  e s tab lished , this  d at ab ase  should  b e  maintained  and  regularly up d ate d  to 
as s is t  in the  t racking of ac t ivity d ata and  p rac t ice  ad op t ion, which will a id  in future  inventory d eve lop m ent .  
Stand ard izing rep ort ing, id eally through an online  sys tem whe re  d a ta  is  autom at ically p op ula ted  into a  
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sp read shee t , will as s is t  in the  ext rac t ion of d a ta  ac ross  the  nut rient  manage m ent  p lans . De p end ing on the  
sp ec ific  d ata  c olle c te d  and  variab ility in measuring me thod s , s tand ard izing colle c t ion me thod s  will a lso 
p otent ia lly inc re ase  the  ac curacy of the  d a ta .  

The  Vermont  Carb on Bud ge t  (VCB) re p ort  and  the  accomp anying p ub lic ly ava ilab le  d a tase ts  we re  also 
id ent ified  as  having p otent ially re le vant  re comm end at ions  and  ac t ivity d a ta  re sp ec t ive ly.  Part icularly, the  
d atase ts  inc lud ed  informat ion on land  use  p rac t ice  ad op t ion and  manure  managem ent  sys tem  ut ilizat ion 
ove r a  t im e  se rie s .  To d e te rmine  comm on land  use  p rac t ice s , such as  t illage , t he  authors  of the  VCB re p ort  
ut ilized  the  nut rient  management  p lans  and  c alculat ed  the  rate  of p rac t ic e  use  for each agricultural land  use  
c las s . The  ad op t ion of o the r land  use  p rac t ic e s  was  d e rived  from exp e rt  cons ultat ion in ad d it ion to e xis t ing 
d ata  init ia t ive s  such as  the  VAAFM’s  t racking of farms’ p art ic ip at ion in wate r q uality p rojec ts , such as  c ove r 
c rop s . The  p e rcentages  of manure  m anaged  in d iffe rent  sys tems  (e .g., d aily sp read , liq uid /s lurry), 
d isaggregate d  b y live s toc k typ e , we re  p rovid e d  from s imila r sourc es , inc lud ing through consultat ion with 
exp e rts  familiar with the  nut rient  manage ment  p lans  (Galford , 20 22). 

It  was  ob se rve d  that  the  p e rc entages  of manure  managed  in d iffe rent  sys te m s  that  we re  p rovid ed  in the  
VCB d atase ts  we re  s ignificant ly d iffe rent  than those  p rovid ed  in the  d e fault  SIT d atase t , which p ulls  from the  
Me thane  Inventory Datab ase  of the  U.S. Greenhouse  Gas  Inventory of Emiss ions  and  Sinks  and  rep re sents  
the  typ ical manure  management  sys t em b re akd own for the  Northeas t  region of the  U.S. A b reakd own of the  
p e rcent  d iffe rences  for b e tween these  two d ata  sources , us ing manure  from  d airy ca t t le  as  an examp le , is  
p rovid ed  in Tab le  3. 

Ta b le  3 . Dis tribution of d airy c ow manure  manage d  in d iffe re nt  manure  manage me nt s ys te ms  for the  ye ar 20 20 . 

 EPA SIT AWMS% 
Ve rm ont  Ca rb on  
Bud ge t  AWMS% Pe rc e n t  Diffe re nc e  

Anae rob ic  Lagoon 23% Not Inc lud ed  23% 
Liq uid /Slurry 5% 47% 42% 
Daily Sp read  3% 4% 1% 
Solid  Storage  16 % 7% 8% 
Pas ture  14% 29 % 15% 
Deep  Pit  26 % Not Inc lud ed  26 % 
Anae rob ic  Diges t e r Not inc lude d  4% 4% 
Deep  b ed d ing Not Inc lud ed  8% 8% 
Comp os t ing Not Inc lud ed  1% 1% 

 

Lives tock manure  manage ment  sys te ms  are  a  sourc e  of b oth CH4 and  N2O e m iss ions . CH4 emiss ions  from 
manure  managem ent  d e p end  on the  p rop ort ion of manure  managed  in each sys tem, p e r live s tock sp e c ie s , 
with the  mos t  emiss ions  c oming from confined  anim al managem ent  op e rat ions  that  hand le  m anure  in liq uid -
b ased  sys te ms . Similarly, e s t imate s  of N2O e miss ions  from manure  manage me nt  are  d ep end ent  on the  
manure  managem ent  sys t em used . Ad d it ionally, o the r forms  of N loss  from manure  manage ment  sys te m s  
re sult  in ind ire c t  N2O emis s ions . Und e rs tand ing N los s  from manure  manage me nt  sys tems  is  a lso imp ortant  
for d e t e rmining the  amount  of nit rogen e xc re t ed  (Nex) that  will b e  availab le  in manure  that  is  la te r ap p lied  to  
managed  soils  or used  for feed , fue l, or c ons t ruc t ion (IPCC, 20 19 ). Because  the  magnitud e  of CH4 and  N2O 
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emiss ions  d iffe r b ased  on the  typ e  of manure  management  sys t em use d , imp roving the  ac curac y of the  
p e rcentage  of manure  managed  in each sys te m in an inventory could  s ignificant ly inc rease  the  accuracy of 
manure  managem ent  e miss ion e s t imate s .  

State  agricultura l e xp e rts  we re  consulted  in the  d e ve lop m ent  of the  VCB rep ort  who are  familiar with the  
s tate ’s  live s tock and  nut rient  manage ment  p lans .  ICF cons id e r the se  exp e rts  to have  a  b e t te r und e rs tand ing 
of imp le mente d  manure  managem ent  sys te ms  in Verm ont  and  the re fore  re c om mend  that  ANR cond uc t  a  
s tud y to d ocum ent  p rop ort ions  of was te  managed  in each manure  manage me nt  sys tem that  can b e  used  to 
inform future  GHG inventory e s t imate s .  

The  USDA Agricultural Res ource  Manage ment  Surve y (ARMS) was  also cons id e red  as  p otent ially having 
re levant  ac t ivity d a ta .  Howeve r, d ue  to Verm ont  not  b e ing a  surve y s tate  und e r ARMS and  it ’s  small share  of 
c rop  ac reage , ARMS was  not  p ursued  as  a  p otent ia l ac t ivity d ata  source . 

5 . Ve rm ont  AFOLU Inve ntory Im p rove m e nt s  

5 .1 Live s t oc k GHG Em iss ions  
Lives tock GHG emiss ion sources  and  the ir p e rc ent  cont rib ut ion in Vermont  from the  19 9 0  –  20 20  GHG 
inventory, for the  year 20 20 , inc lud ed : 

i. CH4 from Ente ric  Fe rmentat ion, 49 % 
ii. CH4 from Manure  Manage ment , 27% 
iii. N2O from Manure  Manage ment , d irec t  and  ind ire c t , 23% and  
iv. N2O from Agricultural Soils , d irec t  and  ind ire c t , from Manure  d ep os ite d  d irec t ly onto p as ture , <1%. 

The re  are  se ve ral p otent ial live s tock re lat ed  inventory imp rovem ents  ICF not ic ed  whils t  re viewing Vermont’s  
la te s t  GHG Inventory, p rovid ed  to ICF and  p ub lished  in 20 20 .  

5 .1.1 Live s toc k Pop ula t ion 
Lives tock p op ulat ion d a ta  is  a  core  asp ec t  of a ll GHG emiss ion e s t imate s . It  is  used  d ire c t ly for e s t imate s  of 
ente ric  fe rmentat ion emis s ions , and  used  to e s t imate  volat ile  solid s  exc re te d , a  p re cursor for CH4 emiss ions  
from manure , and  nit rogen exc re t ed  which is  a  p recursor to e s t imate  d irec t  and  ind irec t  N2O from manure , 
and  for d irec t  and  ind ire c t  N2O from  manure  d ep os it ed  d irec t ly onto p as ture  b y grazing live s tock. 

The  IPCC (20 19 , 20 0 6 ) rec om mend  that  live s tock c las s ificat ion sys tem and  p op ulat ion b y age  c las s  should  
b e  c ons is tent  for all e miss ion sources . SIT d e fault  live s tock p op ulat ions  were  used  b y Ve rm ont  for ente ric  
fe rmenta t ion, CH4 and  N2O from manure  manage m ent  in the  SIT tool we re  m od ified  b y ANR and  now d iffe r 
for Dairy cat t le  and  Bee f c at t le  ac ross  live s tock emis s ion sources . The  d airy ca t t le  p op ulat ion used  for 
ente ric  fe rmentat ion d iffe rs  from the  p op ulat ions  used  for CH4 and  N2O from manure  managem ent . ICF 
und e rs tand s  d e fault  value s  were  up d ated  (red uc t ion of 25 .22 thousand  d airy cat t le , shown in tab le  4) t o 
re fle c t  a  p rop ort ion of the  ove rall d airy ca t t le  p op ula t ion that  have  manure  managed  in anae rob ic  d iges tors . 
Anae rob ic  d iges tors  op t imize  p rod uc t ion of CH4 as  b iogas  (Chad wick e t  a l., 20 11) howeve r the  e ffe c t  of 
d iges ted  manure  on N2O e miss ions  is  incons is tent  ac ross  sc ient ific  re search s tud ie s  and  is  furthe r 
com p licate d  b y s torage , hand ling and  ap p licat ion cond it ions . SIT uses  the  sam e  p op ulat ion ente re d  for CH4 
and  N2O from manure  management , the re fore  N2O emiss ions  from manure  from the  p rop ort ion of d airy 
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cat t le  with m anure  managed  in anae rob ic  d iges tors  are  not  current ly acc ounted  for in Vermont’s  AFOLU 
GHG Inventory.  

Tab le  4: Live s toc k pop ulat ion (thous and  he ad ) us ed  to  gene rate  e s t imate s  for e ac h emis s ion s ourc e . 

2020 
ENTERIC 

FERMENTATION 
CH4, MANURE 

MANAGEMENT 
N2O, MANURE 
MANAGEMENT 

TOTAL CATTLE 208.47 224.25 152.25 
Dairy Cattle 177.17 151.95 151.95 

Dairy Cows 122.17 96.95 96.95 
Dairy Replacement Heifers 55.00 55.00 55.00 

Beef Cattle 31.30 72.30 0.30 
Beef Cows 13.00 13.00  
Beef Replacement Heifers 4.50 4.50  
   Replacements 0-12 mos. 0.00 41.00  
Heifer Stockers 6.50 6.50  
Steer Stockers 4.00 4.00  
Feedlot Heifers 0.10 0.10 0.10 
Feedlot Steer 0.20 0.20 0.20 
Bulls 3.00 3.00  

 

ICF recom mend  Vermont  use  a  s ingle  se t  of p op ulat ion d ata  and  the re fore  c ons is tent  cat t le  p op ulat ion 
numb ers  for gene rat ing s t ate  leve l live s tock GHG e miss ion e s t imate s  in SIT. 

Based  on Vermont’s  p revious  GHG Inventory d e ve lop ed  in SIT, manure  of 25  thousand  d airy cat t le  was  
managed  in anae rob ic  d iges tor sys te ms . SIT s im p lifie s  was te  manage ment  sys tems  (WMS) into d ry ve rsus  
liq uid  and  the re fore  is  unab le  to account  for lower e miss ions  than would  othe rwise  occur when manure  is  
hand led  in anae rob ic  d ige s tor sys te ms .  

5 .1.2 Es t im at ion of Manure  Manage d  in Anae rob ic  Dige s tors   
To acc ount  for e miss ions  managed  in anae rob ic  d iges tors , ICF re comm end  that  Ve rm ont  d e te rmine  and  
ap p ly an ap p rop ria te  sca ling fac tor t o the  tota l re p orted  CH4 emiss ions  from Manure  Managem ent  to re flec t  
the  lower e miss ions  occurring from the  25 .22 thousand  d airy cat t le  with manure  manage d  in anae rob ic  
d iges t ion sys te ms . This  is  not  a  s imp le  task, howe ve r d e fault  IPCC, nat ional or whe re  availab le  s tat e - sp e c ific  
d ata  c ould  b e  used  while  Vermont  collec ts  or gathe rs  ad d it ional s tate - sp e c ific  d ata  to e s t imate  CH4 
emiss ions  from d airy c at t le  manure  managed  in anae rob ic  d iges tors . A s imp lified  e xam p le  m e thod  is  
d e sc rib ed  in Ap p end ix 5 , and  inc lud es : 

1. es t imat ion of volat ile  solid s  (VS) e xc re te d  b y for e xamp le  d airy c at t le , 

2. es t imat ion of the  p rop ort ion of VS managed  in anae rob ic  d iges tors , 

3. es t imat ion of the  CH4 e mit ted  from that  p rop ort ion of d airy cat t le  VS manage d  in anae rob ic  
d iges tors ,  
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4 . com p arison agains t  the  c urrent  CH4 e s t imate  from manure  managem ent  for d airy cat t le , as  outp ut  
b y SIT, and  finally 

5 . making any re le vant  ad jus tment  to SIT inventory e s t imate s .  

The  me thod  out line d  in Ap p end ix 5  would  b e  more  sop his t icated  than the  ca lculat ions  that  SIT current ly 
cond uc ts  b ut  would  req uire  e ffort  on Verm ont’s  p art  to c olle c t  re le vant  d a ta  and  d ocument  the  me thod  and  
necessary assump t ions . ICF und e rs tand  Vermont  a re  alread y aware  of the  inventory imp rovem ent  p roc ess . 
Howe ve r, d iscuss ion of this  p roc ess  is  an imp ortant  remind e r that  inventory imp rove ment  is  a  cont inual and  
ongoing p roc ess . Me thod s  can b e  b uilt  up on ove r a  se rie s  of years . Ve rmont  m ay b egin with a  m e thod  b ased  
on p red ominant ly d e fault  (IPCC) d ata , howeve r in 5  years  Ve rmont  could  have  a  me thod  tailored  ent ire ly to 
Vermont’s  live s tock p rod uc t ion c ircums tanc es , which p rovid es  highly ac curate  GHG e miss ion e s t imate s . 

Ad d it iona lly, a  lit e rature  re view may sup p ort  d e ve lop ment  of s tat e - sp e c ific  d at a  (see  Ap p end ix 5  for more  
sp ec ific  d ata  nee d s ) if any is  availab le . Furthe r, d ocumentat ion of why a ce rtain emiss ion red uc t ion was  
assumed  for manure  that  is  managed  in anae rob ic  d iges tors  is  c rit ic al for GHG inventory t ransp arency and  
to ensure  e s t imate s  can b e  re p eated  in the  same  way for future  inventory years . 

5 .1.3  Es t im at ion of e ne rgy re q uire m e nt s  
Es t imat ion of the  ene rgy req uire ments  for live s tock are  c rit ic a l to  e s t imate  fe e d  intake , which in turn is  used  
to e s t imate  ente ric  fe rme ntat ion emiss ions , vola t ile  solid s  (VS) exc re te d , and  nit rogen e xc re te d  (Nex) which 
und e rp in CH4 and  N2O from manure  manage ment  re sp ec t ive ly. 

Diges t ib le  ene rgy (DE) is  e xp re ssed  as  a  p e rc ent  of gross  ene rgy (GE) intake  d iges ted  b y the  animal 
(megajoule s  p e r d ay). DE values  vary b y d ie t , live s tock he rd  charac te ris t ic s  and  live s tock typ e . In the  U.S. 
GHG Inventory, which und e rp ins  SIT d e fault  d ata , DE is  we ighted  regionally and  we ighted  values  for the  
Northeas t 3 region are  used  to e s t imate  ene rgy re q uirements  for b e e f and  d airy cat t le  in re sult s  p rod uced  for 
Ve rmont  in SIT. The  d ata  and  me thod  is  p ub lic ly availab le  and  can b e  found  in Annex 3- Part  B. As  an 
examp le , Ta b le  5  p re s ents  the  we ighted  DE for grazing b ee f ca t t le  in the  Northeas t . 

Ta b le  5 : DE Value s  and  Re p re s e ntat ive  Re gional Die ts  for the  Sup p le me ntal Die t  of Grazing Be e f Catt le  in the  Northeas t  
(s e e  tab le s  A- 140  and  A- 141 of the  mos t  rec e nt  National GHG Inve ntory (19 9 0  –  20 21) 
ht tp s :/ /www.e p a.gov/s ys te m/file s /doc ume nts /20 23- 0 4/US- GHG- Inve ntory- 20 23- Anne x- 3- Ad d it ional- Sourc e - or- Sink-
Cate gorie s - Part- B.p d f. 

Region Northeast 
Year 1990-2006 2007-2020 
Alfalfa Hay 12% 12% 
Corn 13% 13% 
Corn Silage 20% 20% 
Protein Supplement   10% 
Timothy Hay 50% 45% 
Seed 5%   
Weighted Supplement DE in % of GE (MJ/Day) 68.6 68.9 

 
3 Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, 
Pennsylvania, Rhode Island, Vermont and West Virginia. 

https://www.epa.gov/system/files/documents/2023-04/US-GHG-Inventory-2023-Annex-3-Additional-Source-or-Sink-Categories-Part-B.pdf
https://www.epa.gov/system/files/documents/2023-04/US-GHG-Inventory-2023-Annex-3-Additional-Source-or-Sink-Categories-Part-B.pdf
https://www.epa.gov/system/files/documents/2023-04/US-GHG-Inventory-2023-Annex-3-Additional-Source-or-Sink-Categories-Part-B.pdf
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Percent of diet that is supplement 15% 5% 
 

Due  to the  s ignificance  of ente ric  fe rmentat ion emis s ions  within Vermont’s  agriculture  GHG emiss ions , and  
given d ie t ary ene rgy req uirem ents  imp ac t  on e s t imate s  of ente ric  fe rm entat ion emiss ions , ICF re comm e nd  
that  ANR asse ss  whe the r Vermont’s  ca t t le  (b ee f and  d airy) d ie ts  are  accurat e ly rep re sente d  b y Northe as t  
d ie tary ene rgy d a ta  used  to e s t imate  GHG e miss ions  for the  Nat ional GHG Inve ntory, which und e rp in SIT’s  
e s t imate s  of e miss ions  from ente ric  fe rm entat ion.   

5 .2 N2O from  Agric ult ura l Soils  
Sources  of N2O e miss ions  from agricultura l soils  inc lud e : 

i. Direc t  N2O from synthe t ic  fe rt ilize r ap p licat ion 
ii. Direc t  N2O from organic  fe rt ilize r ap p lied  to agricultural soils  
iii. Direc t  N2O from c rop  re s id ues  le ft  on agricultura l soils  
iv. Direc t  N2O from N mine ra lizat ion d ue  to changes  in land  manage ment  
v. Direc t  N2O from d rainage /managem ent  of organic  s oils  
vi. Ind irec t  N2O from volat ilizat ion (all the  ab ove  sourc es , e s t imated  as  a  frac t ion of re mianing 

nit rogen (N) in soil fo llowing d enit rific at ion and  nit rific at ion p roc esse s  re sult ing in d irec t  N2O 
emiss ions ), 

vii. Ind irec t  N2O from leaching or runoff 

The  SIT agriculture  m od ule  used  for the  20 20  GHG Inventory d id  not  inc lud e  ind irec t  emiss ions  from c rop  
re s id ues  nor ind ire c t  emis s ions  from leaching of N ap p lied  via  synthe t ic  and  organic  fe rt ilize rs  to agricultural 
soils . The  20 19  IPCC Refinement  to the  20 0 6  IPCC Guid e lines  inc lud ed  guid ance  for e s t imat ing e miss ions  
from N mine ra lizat ion assoc iate d  with loss  of soil organic  mat t e r re sult ing from  change  of land  use  or 
managem ent  of mine ral soils . The  mos t  recent  ve rs ion of the  SIT LULUCF m od ule  e s t imate s  soil c arb on flux 
from land  use  change  b e tween and  to c rop land  and  grass land , see  note  from SIT in Figure  2. 

 

Figure  2: LULUCF SIT mod ule  s oil c arbon flux d e sc rip t ion.  

The re  is  a lso a  sourc e  of N2O assoc iated  with this  loss  of soil organic  mat t e r from land  use  change , or 
managem ent  of mine ral soils , which is  not  current ly e s t imated  in SIT. Ve rmont  might  exp lore  inc lud ing this  
emiss ion source  in future  inventorie s , a lthough le s s  of a  p riority than p re vious ly ment ione d  live s tock 
inventory imp rovem ents , which will like ly have  the  la rges t  ne t  affe c t  on GHG e s t imate s  for Ve rm ont .  
 

5 .3  Soil Organic  Carb on in Agric ult ura l Soils  
The  SIT agriculture  m od ule  ut ilize s  the  U.S. GHG Inventory d ata , which is  b ase d  on 20 15  US EPA DAYCENT 
mod e l runs  to e s t imate  soil organic  carb on for c rop land  and  grass land . These  mod e l runs  are  s t ill cons id e red  
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accurat e  for use  in the  nat ional GHG inventory howe ve r it  may b e  worth e xp loring whe the r up d ate d  
mod e lling or d a ta  would  b e  more  rep re sentat ive  of Vermont  sp ec ific  soil c ond it ions , and  thus  b e  collec ted  
to e ventually p rovid e  more  ac curate  GHG es t imate s  for Verm ont .  

From the  ac t ivity d a ta  p rovid ed  b y Ve rm ont  that  ICF reviewed , the re  are  various  com p onents  imp ortant  for 
measuring soil hea lth and  soil c arb on s tocks  ac ross  mult ip le  d iffe rent  d atase t s  that  are  a lread y colle c te d  for 
non- inventory p rograms . Howe ve r, a  soil c arb on monitoring sys tem req uire s  long te rm soil c arb on 
measure ment  d ata , c olle c ted  via  sys te mat ic  samp ling and  with measurem ent s  rep ea ted  on a  regular b as is , 
for examp le  eve ry three  years  for 12 years  (four sep arate  soil organic  carb on measure ments ). To d eve lop  a  
sc ience - b ase d  carb on c re d it  sys te m (or othe r GHG mit igat ion inc ent ive  frame work), and  incent ivize  
p e rmanent  GHG e miss ions  removals  ove r t im e  for farme rs  in Vermont , ANR would  req uire  a  s c ient ifica lly 
rob us t  soil organic  c arb on monitoring sys te m. ICF re com mend  ANR look at  the  d es ign of small inte rnat ional 
p rojec ts  in c onjunc t ion with current ly id ent ified  p olicy goa ls  re lat ed  to soil c arb on seq ues t rat ion, to inform 
whe the r d e ve lop ment  of such a  re search p rogram is  necessary. Re le vant  p roje c ts  inc lud e : 

• ht tp s :/ / soils .land care re search.c o.nz/ top ic s /soils - at - mwlr/our- p roje c ts /b rows e - all- p rojec ts /nat ional-
soil- carb on- monitoring/   

• ht tp s :/ /www.fontagro.org/new/p roye c tos /secues t rocarb ono/en  
• ht tp s :/ /www.fsa.usd a.gov/news- room/news- re leas e s /20 21/usd a- launches - firs t - p hase - of- soil-

carb on- monitoring- e ffort s - through- conse rvat ion- re se rve - p rogram- init ia t ive   
• ht tp s :/ /www.thuenen.d e /e n/ ins t itute s /c limate - smart - agriculture /p rojec ts /agricultural- soil-

inventory- b ze - lw (see  me thod ology and  othe r sub - links , inc lud ing q ues t ionnaire  given to Ge rman 
Farm ers  –  use ful t o inform  d es ign of ac t ivity d ata  c ollec t ion, sugges t  us ing google  t rans late  to 
conve rt ) 

 

5 .4  Fie ld  Burning of Agric ult ura l Re s id ue s  
ICF recom mend  that  ANR d ocum ent  Fie ld  Burning of Agricultural Res id ues  as  e ithe r not  occurring (NO) or 
not  e s t imated  (NE). This  is  a  formal inventory notat ion key 4 used  at  nat ional and  sub nat ional le ve ls . From 
what  ANR have  told  ICF, NE is  like ly more  accura te  as  the re  is  minimal b urning of agricultura l re s id ues  on 
farms  in Vermont . ANR might  also c ons id e r as suming the  same  ave rage  b urne d  p rop ort ion used  for the  U.S. 
which is  3% (Chap te r 5 , U.S. Environm ental Protec t ion Agency, 20 23). 
 

5 .5  Ric e  Cult iva t ion 
ICF recom mend  that  ANR d ocum ent  CH4 from Rice  Cult ivat ion as  e ithe r not  occurring (NO) or not  e s t im ated  
(NE). This  is  a  formal inventory notat ion ke y4 used  at  nat ional and  sub nat ional leve ls . From  what  ANR have  
told  ICF NE is  like ly more  accurat e  as  the re  are  one  or two rice  farms  in Vermont .  

6 . Conc lus ions  

ICF c om mend  Verm ont  as  one  of the  lead ing U.S. s ta te s  in ICF’s  knowle d ge  to b e  e xp loring m eans  of 
cus tomizing the ir AFOLU GHG inventory to sup p ort  AFOLU e miss ions  and  rem ovals  p olicy d ec is ions . In ICF’s  

 
4 https://unfccc.int/resource/tet/bg/bg2-02_Overview_Notation_Keys.pdf 

https://soils.landcareresearch.co.nz/topics/soils-at-mwlr/our-projects/browse-all-projects/national-soil-carbon-monitoring/
https://soils.landcareresearch.co.nz/topics/soils-at-mwlr/our-projects/browse-all-projects/national-soil-carbon-monitoring/
https://www.fontagro.org/new/proyectos/secuestrocarbono/en
https://www.fsa.usda.gov/news-room/news-releases/2021/usda-launches-first-phase-of-soil-carbon-monitoring-efforts-through-conservation-reserve-program-initiative
https://www.fsa.usda.gov/news-room/news-releases/2021/usda-launches-first-phase-of-soil-carbon-monitoring-efforts-through-conservation-reserve-program-initiative
https://www.thuenen.de/en/institutes/climate-smart-agriculture/projects/agricultural-soil-inventory-bze-lw
https://www.thuenen.de/en/institutes/climate-smart-agriculture/projects/agricultural-soil-inventory-bze-lw
https://www.thuenen.de/media/institute/ak/Projekte/bze-lw/20221005_Fragebogenvorlage_BZE-LW-WI.pdf
https://unfccc.int/resource/tet/bg/bg2-02_Overview_Notation_Keys.pdf
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knowled ge , California  and  Hawaii have  d eve lop e d  and  maintain s tate  sp ec ific  AFOLU GHG inventorie s . 
Ve rmont , a long with California  and  Hawaii, are  we ll p os it ioned  to make  inform e d  p olicy d e c is ions  around  
imp lem ent ing land  management  me chanisms  to ult imate ly red uc e  GHG e miss ions , or enhance  carb on 
seq ues t rat ion, from the  AFOLU se c tor. 

The  key Tool Re view and  Inventory Im p rove ment  re com mend at ions  to sup p ort  Ve rmont  m oving forward s  
from ICF’s  AFOLU Inventory analys is  are  d esc rib ed  b e low.  

6 .1 Tool Re vie w Find ings  
The  following ke y re comm end at ions  are  p rovid e d  from ICF for future  d e ve lop ment  of the  Stat e  of Ve rm ont  
AFOLU GHG Inventory and  sub seq uent  analyses  of GHG im p ac ts  from manage ment  p rac t ice  
imp lem entat ion for GHG mit igat ion: 

1. APEX is  not  rec om mend e d , e sp e c ially in isolat ion, for use  b y ANR to d eve lop  the  s tate  inventory 
b ecause  it s  emiss ion cat e gorie s  are  not  a ligne d  with IPCC e miss ion source  c at egorie s  and  the  tool 
d oes  not  mod e l key agricultural CH4 emiss ion source s , which comb ined  p re s ent  the  majority of 
agricultura l GHG e miss ions  in Verm ont’s  GHG inventory. 

2. COMET- Pla nne r is  recom mend e d  for use  to ac count  for im p lem entat ion of m anagement  p rac t ic e s , 
in comb inat ion with the  SIT Agriculture  and  LULUCF mod ule s .  

3. Proc ess  b ased  b iogeoche mica l m od e ls  s t ill are  sub jec t  to d a ta  gap s  for some  regions  in the  U.S. and  
for sp ec ific  c rop s , which limits  current  sc ient ific  und e rs tand ing of p rocess - b ased  mod e l sens it ivity 
to managem ent  p rac t ic e s . Proc ess  b ased  mod e lling req uire s  colle c t ion of fie ld  cond it ions  that  are  
s ite  sp ec ific , and  in the  case  of Ve rm ont’s  s tate  GHG inventory, an ap p rop riat e  samp ling ap p roach 
would  nee d  to b e  d es igne d  to ensure  that  soil and  flux measure ment  d ata  cap ture s  the  s ignificant  
variat ion in soil N2O e miss ions  sp at ially and  te mp orally. 

4 . ICF recom mend  the  DAYCENT m od e l should  b e  c ons id e red  if ANR find  through a com p arat ive  
as se ssment  of CEAP, ARMS, USDA- NASS, CTIC and  Op TIS d a ta  agains t  the  State ’s  availab le  and  
rep re sentat ive  d a ta  on fe rt ilizat ion, t illage  and  cove r c rop  p rac t ic e s  that  the re  is  evid enc e  that  
Ve rmont’s  s tate  sp ec ific  d ata  varie s  s ignificant ly from d ata  p re sented  in the  nat ional d a tase ts , and  if 
the re  are  suitab le  human and  technica l re sources  availab le  to ANR to gene rat e  new e miss ion 
e s t imate s  us ing DAYCENT. 

5 . To d e te rmine  whe the r gene rat ing new DNDC GHG e miss ions  e s t imate s  is  worthwhile  for Ve rm ont , 
ICF recom mend  that  ANR asse ss  whe the r the re  is  evid ence  that  Ve rmont’s  s tate  sp e c ific  d a ta  varie s  
s ignificant ly from d ata p re sented  in nat ional d atase t s , and  if the re  are  suitab le  human and  technical, 
or a lte rnat ive ly financ ial, re sources  availab le  to ANR to gene rate  new emiss ion e s t imate s  us ing DNDC. 

6 . EX- Ac t  was  p rimarily d e ve lop ed  as  a  tool t o as s is t  in evaluat ing the  GHG emis s ions  and  carb on 
s tock changes  for land  management  p rojec ts , re la t ive  to a  p re - p rojec t  s ta rt  d a te  b ase line  and  the  
tool can only c ons id e r one  d ominant  soil and  c limate  typ e  at  a  t ime . Ve rmont  has  mult ip le  soil typ es  
and  req uire s  more  p rec ise  c limate  d ata  for m ore  acc urate  manure  manage ment  emiss ion e s t im ate s . 
The re fore , ICF rec om mend  that  the  tool is  limited  in it s  ab ility to b e  used  for s tate  leve l GHG 
inventory p urp oses , and  for s tate  le ve l GHG imp ac t  analyses  of changes  in management  p rac t ice s  
for p olicy s cenarios . 
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7. FEAT’s  d es ign for whole - farm e miss ion b ased  GHG account ing, and  limite d  sc op e  for GHG emiss ion 
sources  limits  it s  e ffec t ive ness  for use  to comp ile  s t ate - le ve l GHG es t imate s  and  inventory. 
Sp ec ifically, the  tool’s  omiss ion of emiss ions  from land  use , land  use  change  and  fore s t ry (LULUCF), 
a ll live s tock emiss ion sources  (ente ric  fe rm entat ion, and  CH4 and  N2O from m anaged  manure ), 
b iomass  b urning, and  urea  and  othe r non- carb on c ontaining fe rt ilize rs  means  that  sub s tant ial 
emiss ion sources  and  s inks  are  not  c ons id e re d . ICF recomm end s  FEAT would  b e  gene rally le s s  
e ffec t ive  than the  current  tool current ly ut ilized  b y ANR to d e ve lop  the  s tat e - le ve l inventory. 

8 . Holos  is  p rimarily intend e d  to b e  used  as  a  farm m anagement  and  emiss ion re d uc t ion p lanning tool 
and  inc lud es  e miss ions  from farm e miss ion sources  such as  ene rgy used  on farm and  p es t ic id es  e t c ., 
that  are  acc ounted  for in Ene rgy and  IPPU und e r the  IPCC Se c tors . ICF re com mend  that  d ue  to it s  
intend ed  sca le  of GHG ac count ing, p urp ose  and  the  way in which emiss ion e s t imate s  are  cut , Holos  
is  not  b e t t e r than SIT for c ond uc t ing a  s tate  le ve l GHG inventory for Ve rmont .  

9 . IFSM was  p rimarily d eve lop ed  as  a  farm leve l GHG account ing, re search and  t eaching tool, and  it  
d oes  not  mod e l long- te rm  seq ues t rat ion and  d ep le t ion of soil c arb on, and  the re fore  may not  b e  
suitab le  for s ta te  leve l GHG inventorying p urp oses . Ad d it iona lly, given t echnic al and  human re source  
limita t ions  ANR have  fac e , d ue  to the  high leve l of e ffort  and  t echnica l e xp e rt ise  re q uired  to run the  
mod e l, ICF sugges t  the  mod e l may not  b e  feas ib le  for gene rat ing s tat e  leve l GHG es t imate s .  

10 . SIT is  d e s igned  sp ec ifica lly as  a  s tate  inventorying tool, is  fre e ly availab le , ac c ounts  for emiss ion 
sources  for the  mos t  p art  on at  le as t  IPCC Tie r 2 le ve l me thod s  and  re q uire s  minimal human and  
technica l re sources  to  carry out  a  comp le te  annual GHG inventory. Given ANR’s  re source  availab ility, 
ICF recom mend  that  SIT is  like ly the  b es t  availab le  tool for Ve rm ont  to d eve lop  a  s tate  leve l 
inventory, a lthough SIT is  agnos t ic  to manage ment  p rac t ic e  changes  and  the re fore  current ly cannot  
gene rat e  outp uts  for mit igat ion GHG imp ac ts  from managem ent  p rac t ice  ad op t ion and  changes . 
ANR would  ne ed  to e mp loy othe r tools , or ap p ly e m p irica l m od ificat ions  to re sult s  outp ut  b y SIT, to 
account  for the  GHG im p ac ts  of managem ent  p rac t ice  changes . ICF rec om me nd  COMET- Planne r as  
a  p otent ial t ool use ful to ANR to ac count  for the  GHG imp ac ts  of managem ent  p rac t ic e  changes .  For 
examp le , the  use  of VT- sp ec ific  ERCs  from COMET- Planne r c ould  b e  integrate d  into the  inventory to 
account  for mit iga t ion e s t imate s  from c rop land  managem ent  p rac t ic e s . ICF re com mend s  that  ANR 
rep ort  LULUCF SIT m od ule  emiss ions  and  rem ovals  from Ve rm ont’s  c rop land  remaining c rop land , 
othe r land  use  typ es  conve rte d  to c rop land , grass land  remaining grass land , and  othe r land  uses  
conve rte d  to grass land , a longs id e  emiss ions  e s t imated  in the  SIT agriculture  mod e l.  

11. ICF recom mend  that  the  U.S. Dis a ggre ga t e d  Da t a  is  highly use ful to valid ate  e s t imate s  gene rat ed  
e ithe r b y SIT or anothe r e miss ion e s t imat ion tool that  ANR should  choose  to use  to gene rate  s ta te  
leve l GHG es t imate s . 

 

6 .2 Ac t ivit y Dat a  Re c om m e nd at ions  
ICF acknowle d ges  that  Ve rmont  is  annually collec t ing various  ac t ivity d ata , p rimarily through the  nut rient  
managem ent  p lans  (NMPs ).  Howeve r, b e cause  of the  current  format  of the  NMPs  and  othe r d at a  sourc es , 
ac t ivity d ata  are  d ifficult  t o ext rac t  and  would  re q uire  cons id e rab le  analys is  and  rep rocess ing p rior t o use  in 
an inventory.  Regard ing ac t ivity d ata  collec t ion, ICF rec om mend  that  Ve rm ont  e ithe r: 
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• Deve lop  an inventory survey for farme rs , with care fully cons t ruc ted  q ues t ions  that  ensure  d ata  is  
colle c te d  sp e c ifically for inventorying p urp oses ; or 

• Tweak q ues t ions  in the  NMPs  and  othe r ac t ivity d ata  sources  to ensure  that  d ata  is  b e s t  c olle c te d  
for inventorying p urp oses . Ques t ions  may need  to b e  ad d ed  to ensure  that  the re  a re  no miss ing 
sources  of ac t ivity d ata; for e xam p le , the  NMPs  d o not  current ly collec t  suffic ient  d ata  to e s t imate  
d aily ene rgy req uirem ents  of live s tock, which is  use ful for informing live s tock e miss ions  e s t imate s .  

Ad d it iona lly, if Ve rmont  wish to cont inue  collec t ing ac t ivity d ata  in PDF format , which is  the  current  format  of 
mos t  NMPs , ICF re comm e nd  that  d ata  b e  cent ra lize d  into a  d a tab ase  and  b e  colle c te d  online  so  that  d ata  
automat ically p op ula te s  into the  d atab ase , thus  avoid ing p otent ia l human e rror and  the  s ignificant  e ffort  
req uire d  to manually e xt rac t  d a ta . 

ICF a lso re comm end s  that  Ve rmont  inves t igate  the  d iffe ring p rop ort ions  of m anure  managed  in each m anure  
managem ent  sys te m b e tween the  SIT d e fault  d ata  and  the  Vermont  Carb on Bud ge t  rep ort  d a ta . To d o so, 
ICF recom mend s  that  Ve rmont  c ond uc ts  a  s tud y to  d ocument  the  p e rcentages  of manure  managed  in each 
managem ent  sys te m to  inform future  GHG inventory e s t imate s .  

 

6 .3  Inve nt ory Im p rove m e nt  Re c om m e nd a t ions  
ICF und e rs tand  Ve rm ont  faces  p ub lic  and  p olicy d e c is ion p re ssure  to  b e  ab le  to m easure  and  t rack p rogre ss  
of AFOLU GHG e miss ions  ove r t im e  and  p art icularly, the  c limate  im p ac t  of various  AFOLU conse rvat ion 
managem ent  p rac t ice s . SIT is  a  highly use ful and  s imp le  s tat e  leve l GHG inve ntory tool for e s t imat ing 
agriculture  and  land  management- b ased  e miss ions , howeve r it  has  limita t ions  in it s  ab ility to b e  ta ilore d  to 
re fle c t  s tat e  sp e c ific  p rod uc t ion c ircums tances  which limits  the  ac curac y of Ve rmont’s  AFOLU GHG 
inventory. This  is  p rob le m at ic  given Ve rm ont’s  ob je c t ive  of ac curat e ly me asuring and  t racking p rogre ss  
toward  emiss ion red uc t ion targe ts . The re fore , ICF re com mend s  that  Ve rm ont :  

• Cons id e rs  inves tm ent  in d eve lop ing a  s ta te  sp e c ific  GHG inventory tool that  will b e  ab le  to 
accom mod ate  Vermont’s  s tate  sp e c ific  p rod uc t ion c ircums tances  far more  re ad ily than SIT and  will 
b e  ab le  to b e  used  to inform p olic y d e c is ions  and  e s t imate  GHG emiss ions  red uc t ions  d ue  to 
imp lem entat ion of various  conse rva t ion p rac t ice s  in Vermont . 

• Deve lop  an inventory im p rove ment  p riorit izat ion p rocess , to focus  the ir re sources  on im p rove ments  
that  will re sult  in s ignificant  imp ac ts  to rep ort ed  emiss ion e s t imate s  (re vis ions  of ab solute  GHG 
emiss ions  e s t imate s  e ithe r up  or d own), and /or are  acc ess ib le  in te rms  of cos t  or e ase  of 
imp lem entat ion into the  inventory, and /or affec t  ke y AFOLU inventory sourc es . The re  may b e  othe r 
c rite ria  that  Ve rmont  wishes  to inc lud e  in the ir inventory imp rovem ent  p riorit izat ion asse ssment .   

• Atte mp t  to e s tab lish an annual fund ing p ool for inve ntory re search or d a ta  c ollec t ion that  will 
d irec t ly sup p ort  imp rove ment  of the  Agriculture  GHG Inventory, and  used  to  fund  re search e fforts  as  
p riorit ize d  used  the  afore ment ione d  re comm end e d  p rocess  (once  e s tab lished ).  

The  following sp e c ific  inve ntory im p rove ment  rec om mend at ions  will sup p ort  Ve rm ont  to und e rs tand  e ithe r 
a) how to ap p roach ad jus tment  of a  se le c t  few SIT GHG inventory e s t imate s  or b ) d e te rmine  a  p a th forward  
for GHG es t imate s  if it  is  d ec id ed  that  a  s tate - sp e c ific  inventory tool should  b e  d e ve lop ed . 
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Be twe en 19 9 0  and  20 20 , live s t oc k GHG e m is s ions  cont rib uted  b e twe en 6 9 % and  77% of agricultural GHG 
emiss ions  (not  inc lud ing e miss ions  and  removals  from c rop land s  and  grass land s ). The re fore , ICF re com mend  
that  Ve rm ont : 

• Id ent ifie s  p riority areas  for imp rove ments  of live s toc k GHG e miss ion rep ort ing and  jus t ify focus  on 
the se  d ue  to high ove rall c ont rib ut ion to Ve rm ont’s  AFOLU e miss ions  p rofile , which may inc lud e  b ut  
should  not  b e  limited  to: 

o Valid at ion of the  ac curacy of live s tock p op ulat ion d a ta  used  for the ir SIT inventory e s t imate s , 
and  ad jus t  ac cord ingly the  p op ulat ion if d ee med  ne cessary, 

o Valid at ion of SIT’s  und e rlying assump t ions  around  live s tock fe ed  and  d ie ta ry e ne rgy 
req uire ments  as  a  ke y fac tor in e s t im at ion of ente ric  fe rmentat ion emiss ions  (the  highes t  
AFOLU e miss ion source  for Ve rm ont) and  for e s t imate s  of volat ile  solid s  e xc re t ion and  
nit rogen e xc re te d  for calc ulat ing CH4 and  N2O from  manure  m anagem ent , re s p ec t ive ly, and  
ad jus t  acc ord ingly the  e s t imate s  to m ore  accura te ly re fle c t  Ve rm ont  sp ec ific  live s tock fee d  
and  d ie tary ene rgy req uirements  if d ee med  necess ary. 

We  und e rs tand  c a p t uring m a na ge m e nt  p ra c t ic e s  a nd  e ffort s  t ha t  e nhanc e  s oil orga n ic  c a rb on  s t ora ge  
a nd  a void  los s e s  of s oil c a rb on  in the  AFOLU GHG inventory is  a  p riority for ANR. The re fore , ICF 
rec om mend s  that  Ve rmont :  

• Deve lop s  a  d ata  colle c t ion p rocess  and  e s tab lishes  a  re search p roje c t  to  colle c t  soil c arb on 
measure ments  that  can b e  used  as  the  b as is  for q uant ifying changes  in soil organic  carb on on 
Vermont’s  agricultural soils  ove r t ime . These  s tud ie s  need  to occur on longe r t ime  horizons  to 
cap ture  the  longe r- t e rm  e q uilib rium of soil organic  c arb on, and  ANR should  look at  s imilar 
inte rnat ional re search p rojec ts  t o inform samp le  d es ign.    
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8 . Ap p e nd ic e s  

Ap p e nd ix 1: DNDC Mod e l Ove rvie w 

 



 

 

Ap p e nd ix 2: COMET- Planne r Me t hod s  and  Mod e lling 
Table  6 : Summary of COMET- Planne r me thods  for agric ultural e mis s ion source s . Ad apte d  from Table  ES- 1 (Eve  e t  al., 
20 14) 

 

 

 



 

 

Tab le  7: Summary of COMET- Planne r e s t imation me thod s  inc lud ing mod e lling, re le vant manage me nt p rac t ic e s  and  
e mis s ion fac tors  use d  by COMET- Planne r. Tab le  ES- 2 (Eve  e t  al., 20 14). 

 



 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

Ap p e nd ix 3: Holos  Ove rvie w 
Table  6 : Holos  ove rvie w (Lit t le  e t  al., 20 0 8) 

 



 

 

 
 
 
 
 
 
 
 
  



 

 

Ap p e nd ix 4 : Manage m e nt  Prac t ic e  Clim at e  Im p ac t  Rankings  
Climate  im p ac ts  range  from +4 as  the  larges t  se q ue s t rat ion/mit igat ion p otent ial to - 4  ind icat ing that  the  
highes t  (U.S. Dep artment  of Agriculture , n.d .) le ve l of emiss ions  occur. Climate  imp ac t  rat ings  are  b ased  on a  
com b inat ion of USDA NRCS conse rvat ion p rac t ice  c limate  imp ac ts  and  lite ra ture  re view re sult s  and  e xp e rt  
op inion when NRCS conse rvat ion p rac t ice  c limate  imp ac ts  were  not  availab le . 

System Vermont Practices NRCS Practice 
Number(s) 

NRCS Practice  
Sub-Group 

Climate Rating5 

Crop Crop to Hay 
(permanent seed 
down) 

E512A, E512C Pasture and Hay 
Planting 

4 

Livestock Feed Management 592 Dietary strategies 4 
Livestock Manure Storage 366 Anaerobic digestors 4 
Livestock Manure Storage 367, 313, 359, 632 Manure storage 

(solid storage), 
covers and handling 
practices (manure 
separation) 

4 

Crop Nutrient 
Management 

590 Nutrient 
management 

3 

Crop Reduced Tillage 345 Conservation tillage 3 
Crop Riparian Forest 

Buffer 
391  3 

Crop No-Till 329 Residue and tillage 
management, no-
till 

3 

Livestock Manure Injection 590 Manure injection 3 
Livestock Manure 

Incorporation 
590  3 

Crop Precision 
Agriculture 

590, E590B Precision 
Agriculture: N 
based fertilizers 

3 

Crop Cover Crop 340 Cover crop 3 
Crop Silvopasture 381  2 
Crop Alley 

Cropping/Multi-
Story Cropping 

311, 585  2 

Livestock Grazing 
Management 

528 Prescribed Grazing 2 

Crop Agroforestry 612,  2 
Livestock Grazing 

Management 
528, 512 Grazing practices to 

manage livestock 
manure deposition 

2 

Livestock Grazing 
Management 

E528R Rotational grazing 2 

 
5 A list of all 2024 practice climate impacts can be found at: https://www.nrcs.usda.gov/sites/default/files/2023-
12/RMSPlanningToolNational_2024.xlsm  

https://www.nrcs.usda.gov/sites/default/files/2023-12/RMSPlanningToolNational_2024.xlsm
https://www.nrcs.usda.gov/sites/default/files/2023-12/RMSPlanningToolNational_2024.xlsm


 

 

Livestock Application of 
nitrification or 
urease inhibitors 

590 Application of 
nitrification or 
urease inhibitors to 
stored manure or 
to urine patches 

2 

Livestock Rumen 
manipulation 

592 Rumen 
manipulation 

2 

Crop Sustainable Crop 
Rotation 

328 Sustainable Crop 
rotation 

2 

Crop Filter Strip (grass 
buffer) 

390, 412, 393  1 

Crop Precision 
Agriculture 

 Precision 
Agriculture: Liming, 
and other C 
containing 
fertilizers 

1 

 
  



 

 

Ap p e nd ix 5 : Sim p lifie d  Me t hod  for Ve rm ont  sp e c ific  e s t im at e s  of CH4 from  
Manure  Manage m e nt  of Anae rob ic  Dige s t ors  

This  s imp lified  me thod  is  re le vant  for e s t imate s  of all manure  m anagem ent  sys tems , ICF re comm end  
Vermont  se e  the  linked  IPCC Guid ance  for extend e d  re comm end ed  me thod s . 

Me t hod : 
 
Step  1: De te rmine  annual volat ile  s olid  exc re t ion pe r live s tock typ e  to e s t imate  CH4 from Manure  
Management 

 
 
NOTE: ignore  P for p roduc tion as  North America has  only one  leve l of p roduc tion in the s e  de fault  ac t ivity 
data  tab le s . 

1.1 Dete rmine  d aily d e fault  volat ile  solid  (VS) exc re t ion rate s  p e r 10 0 0  kg animal m ass  p e r live s tock typ e  
for North Am eric a (IPCC 20 19 , Tab le  10 .13a). Ve rmont  could  c olle c t  s tat e - sp ec ific  VS exc re t ion d ata , 
p e rhap s  through surve y of exp e rt  op inion. At  le as t  two exp e rts  op inions  should  b e  used  and  up  to 10  
exp e rts  would  b e  id ea l. ICF could  sup p ort  d raft  of e xp e rt  op inion surveys  in future  e fforts  as  ne e d e d .  

1.2 Mult ip ly b y d e fault  live  we ights  (typ ica l animal mass , TAM) p e r live s tock typ e  (IPCC 20 19 , Tab le  
10 A.5). Id ea lly, Ve rm ont  would  inc lud e  s tat e - sp ec ific  live  we ight  d ata  he re  as  this  will ensure  
accuracy of the  e s t im ate s .  

1.3  Divid e  b y 10 0 0 kg animal mass  to ge t  the  VS p e r kg of animal mass . 
1.4  Mult ip ly b y 36 5  d ays  in the  year to d e t e rmine  annual VS exc re t ion p e r head  of live s tock typ e . 

 
IPCC Data /  Information for Step  1 
ht tp s :/ /www.ip c c - nggip .ige s .or.jp /p ub lic /20 0 6 gl/p d f/4_ Volum e4/V4_ 10 _ Ch10 _ Lives tock.p d f 
  

https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_10_Ch10_Livestock.pdf


 

 

IPCC d e fa u lt  va lue s  for vola t ile  s olid s  (VS) e xc re t e d  (IPCC, 20 19 ) 

 
 
IPCC d e fa u lt  va lue s  for a n im a l live we igh t  (t yp ic a l a n im a l m a s s , TAM) (IPCC, 20 19 ) 

 
  



 

 

Step  2: Es t imate  abs olute  CH4 e mis s ions  from manure  management and  us e  to e s t imate  pe r head  e mis s ion 
fac tor  
 
NOTE: Vermont’s  d e fault  c limate  zone  s t rad d le s  cool/warm te mp e rate  mois t .  
 
2.1 Mult ip ly annual VS e xc re t ion rate  (p re vious  s tep ) b y the  IPCC d e fault  CH4 emiss ion fac tor sp e c ific  to 

live s tock typ e , p rod uc t ivity le ve l, and  c limate  zone  (IPCC 20 19 , Tab le  10 .14). For examp le , for anae rob ic  
d iges tors , the  d e fault  values  for b e e f cat t le  for cool/warm t emp erate  mois t  re sp ec t ive ly for the se  
c limate  zones  a re  2.4  and  2.7 g CH4 p e r kg VS. 

2.2 Mult ip ly this  va lue  b y the  p rop ort ion (%) of manure  managed  (IPCC 20 19 , Tab le  10 A.6 ) in each of nine  
manure  managem ent  sys t ems  inc lud ing anae rob ic  d iges tors  (IPCC 20 19 , Tab le  10 .18). Ve rm ont  would  
need  to collec t  this  d ata  as  the re  is  no IPCC d e fault  d ata  availab le .  

2.3  Sum of e miss ions  from all manure  managem ent  sys t ems  p rovid es  an annual ave rage  CH4 emiss ion fac tor 
b y live s tock typ e , we ighte d  b y and  re flec t ing the  d e fault  p rop ort ions  of manure  manage d  in each 
manure  managem ent  sys t em. 
• Ind ivid ual emiss ions  fac tors  p e r head  of live s tock d isaggregate d  b y manure  m anagement  sys t em 

can also b e  d e rived  us ing this  me thod .  
2.4  The  outp ut  is  a  Tie r 1 e miss ion fac tor for each of the  re levant  IPCC lives tock typ es  in kg CH4 head - 1 year- 1.  

• The  outp ut  could  only b e  cons id e red  Tie r 2 when s t ate - sp ec ific  d ata  on the  p rop ort ions  of manure  
from e ach live s tock typ e  is  known, and /or any othe r sys tem sp e c ific  informat ion on the  othe r 
variab le s  is  known and  incorp orate d . IPCC guid ance  exp lains  what  and  how to incorp orate  this  
informat ion. 

ICF would  b e  hap p y to ad vise  on p riorit izing informat ion collec t ion to sup p ort  s tate  sp e c ific  e s t imate s .  
 
IPCC Data /  Information for Step  1 
ht tp s :/ /www.ip c c - nggip .ige s .or.jp /p ub lic /20 19 rf/p d f/4_ Volume 4/19 R_ V4_ Ch0 3_ Land %20 Rep resentat ion.p d f  

 

https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch03_Land%20Representation.pdf


 

 

ht tp s :/ /www.ip c c - nggip .ige s .or.jp /p ub lic /20 0 6 gl/p d f/4_ Volum e4/V4_ 10 _ Ch10 _ Lives tock.p d f 

 
 
NOTE: see  full t ab le  10 .14 for othe r live s tock typ es . See  figure  3A.5 .1 for d e fault  c limate  zones  (b ut  Ve rm ont  
can check c limate  zone  c las s ificat ion and  ad jus t  as  necessary).  

 

https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_10_Ch10_Livestock.pdf


 

 

 



 

 

 
 

 
   



 

 

Ap p e nd ix 6 : Che m ic a l Oxid a t ion of NH3 t o  N2O 
Please  re fe r to the  IPCC 20 19  Refine ment , Volume  4, Chap te r 11, Se c t ion 11.2.2 and  Figure  11.1, for a  d e sc rip t ion 
of volat ilizat ion in agricultural soils  and  account ing: ht tp s :/ /www.ip c c -
nggip .ige s .or.jp /p ub lic /20 19 rf/p d f/4_ Volume 4/19 R_ V4_ Ch11_ Soils_ N2O_ CO2.p d f  
 

 
 

https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch11_Soils_N2O_CO2.pdf
https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch11_Soils_N2O_CO2.pdf


 

 

In te rms  of atm osp he ric  oxid at ion of NH3 into N2O, p lease  re fe r to Pai e t  a l., 20 21, inc lud ing the  following 
grap hic : 

 
 

  

https://pubs.acs.org/doi/10.1021/acsearthspacechem.1c00021


 

 

Ap p e nd ix 7: Conse rva t ion p rac t ic e s  im p le m e nt e d  in Ve rm ont  from  la rge s t  t o  
sm alle s t  GHG m it iga t ion p ot e nt ia l. 

Clim a t e  
Im p a c t  
Ra t ing 6 

Pra c t ic e  De fin it ion  Clim a t e  Cha nge  Im p a c t  

Ma nure  Ma na ge m e nt : Ma nure  St ora ge , Cove rs , Ha nd ling a nd  Ap p lic a t ion  (d ige s t ors , liq u id  /  s lu rry 
s ys t e m  c ove rs , m a nure  s e p a ra t ion , s olid  s t ora ge ) 
4  • Ana e rob ic  d ige s t ors  are  a  was te  

managem ent  p rac t ice  tha t  anae rob ica lly 
b reaks  d own animal manure  and  othe r 
organic s  via  b iological t re atment  in a  
d iges tor/ re ac tor. 

• Anaerob ic  d iges t ion p rod uces  me thane  
(CH4) as  a  b yp rod uc t  of d ecomp os it ion, 
thus  d iges te rs  can re d uce  CH4 e miss ions  
though b iogas  colle c t ion. Effic ient  b iogas  
sys tems  re d uce  up  to 6 0  –  80 % of CH4 
emiss ions  that  would  othe rwise  oc cur 
o Biogas /m e thane  c an b e  used  as  an 

ene rgy source  re sult ing in ind irec t  
red uc t ion of GHG emiss ions  through 
rep lac em ent  of foss il fue ls .   

o Emiss ions  red uc t ions  may also occur 
from red uc t ions  of nit rous  oxid e  (N2O) 
emiss ions  from soils  amend ed  with 
d iges ted  manure  d ue  to it s  red uce d  
organic  m at te r c ontent . 

o Leakage  is  a  c ons id e rat ion for all 
b iogas  sys tems .  

2 • Ma nure  c ove rs  inc lud e  na tural or 
ind uced  c rus ts  or manmad e  s t ruc ture s  
p lac ed  ove r manure  s torage  fac ilit ie s  to 
red uc e  or p re vent  emiss ions . 

• Permeab le  (natura l c rus ts  whe re  solid  
content  is  high, s t raw, wood  chip s , 
exp and ed  c lay, oil, wood  e tc .), s e mi-
p e rmeab le  and  sealed  p las t ic  cove rs  can 
red uc e  CH4 and  am monia (NH3) 
emiss ions  b ut  the  e ffe c t  on N2O 
emiss ions  is  highly variab le  and  not  we ll 
und e rs tood  s c ient ifically 7. 

 
6 Climate impacts range from +4 as the largest sequestration/mitigation potential to -4 indicating that the highest 
(U.S. Department of Agriculture, n.d.) level of emissions occur. Climate impact ratings are based on a 
combination of USDA NRCS conservation practice climate impacts (see 
https://www.nrcs.usda.gov/sites/default/files/2023-12/RMSPlanningToolNational_2024.xlsm for a list of the NRCS 
2024 GHG rankings of all practices), literature review results and expert opinion when NRCS conservation 
practice climate impacts were not available. See Appendix 4 for the table of management practice climate impact 
rankings. 
7 Note that while ammonia is not itself a greenhouse gas, it can be converted into N2O either by nitrogen 
transforming microorganisms in the soil, or through chemical transformation in the air. For more information on 
ammonia conversion to N2O please see Appendix 5 

https://www.nrcs.usda.gov/sites/default/files/2023-12/RMSPlanningToolNational_2024.xlsm


 

 

• Net  imp ac t  on e miss ions  of d iffe rent  
GHGs  are  affe c t ed  b y the  current  and  
p rop osed  manure  c ove r c harac te ris t ic s . 

1 • Ma nure  s e p a ra t ion  involves  sep arat ion 
of solid s  from the  liq uid  was te  s t ream  

• Manure  sep arat ion can re d uce  e miss ions  
if the  solid  p ort ion of manure  is  
p revente d  from und e rgoing anae rob ic  
s torage , and  gene rally N2O emiss ions  
d ec rease  with s lurry sep arat ion. 

2 • Ma nure  a p p lic a t ion  involves  
managem ent  of the  typ e  and  t iming of 
incorp orat ion to agricultural soils  

• Using the  ap p rop ria te  t iming, form and  
q uant ity of manure  ap p lic at ion can 
mit igate  d ire c t  and  ind irec t  N2O 
emiss ions  from agricultura l soils  (not  
accounte d  for und e r manure  
managem ent  e miss ion sources ).  

2 • Ma nure  s t ora ge  involves  managem ent  of 
the  ove rall manure  s torage  d urat ion, and  
manip ulat ion of manure  s torage  
tem p era ture s  which in turn alte r manure  
p H leve ls . 

• Red uc ed  manure  s torage  t imes  c an 
red uc e  CH4 e miss ions , b ut  can also 
p otent ia lly inc re ase  N2O e miss ions  if 
manure  is  more  freq uent ly ap p lied  to 
agricultura l soils  (affec t  is  variab le  
d ep end ing on t ime  and  se ason of manure  
ap p licat ion). 8 9  

• Red uc ing the  te mp e rature  of manure  
d uring s torage  can red uce  CH4 e miss ions , 
while  lowering the  p H red uce  NH3 
vola t ilizat ion, the  larges t  p athway of 
manure  nit rogen loss .10  

1 • Ma nure  c om p os t ing involves  s toring 
manure  and  a llowing it  t o d ecay to a  
s low- re lease  end  p rod uc t  that  can b e  
used  as  a  c rop  fe rt ilize r. 

• Manure  c om p os t ing can e mit  N2O, 
carb on d ioxid e  (CO2), CH4 and  NH3 if not  
p rop e rly m anaged  or if gasse s  are  not  
cap tured 11, howeve r may e nhance  soil 
c arb on s torage  through s tab ilizat ion of 
organic  m at te rError! Bookm a rk not  d e fine d . 

Fe e d  Ma na ge m e nt  St ra t e gie s  
4  Animal and  feed  manage ment  may inc lud e  

feed  p roc ess ing, gene t ic  s e le c t ion, TMR 
feed ing 

• Gene t ic  se le c t ion d ec reas es  he rd  
emiss ions  b y se lec t ion of low 
emiss ion animals .  

• Fee d  p roc ess ing and  total mixed  
rat ion (TMR) feed ing raise s  the  
ove rall nut rit ional p rofile  of feed  b y 

 
8 (U.S. Department of Agriculture, n.d.; Gerber, et al., 2013) 
9 Gerber, et al., 2013 
10 (Meinen et al., 2013) https://doi.org/10.2527/jas.2013-6584  
11 (Ba, Qu, Zhang, & Groot, 2020) 

https://doi.org/10.2527/jas.2013-6584


 

 

incorp orat ion of ad d it iona l 
ingred ients , which may re d uce  CH4 
p e r unit  of p rod uc t  through 
inc reas ing p rod uc t ivity.  

2 Die t  Formulat ion inc lud ing me chanisms  such 
as  b y- p rod uc ts , mine ra ls  and  salt s , oils  and  
fats , oilseed s , tannife rous  forages  and  urea  

• Die t  manip ulat ion can d ec rease  
through mult ip le  me chanisms  
inc lud ing inc rease d  nonfe rmentab le  
ene rgy and  re late d  d e c reased  feed  
intake  and  fib e r d iges t ib ility, and  
inhib it ion of me thanogene s is  
(int rod uc t ion of fat ty ac id s ). 

• Due  to d ec reased  fib e r d iges t ib ilit y 
CH4 e miss ions  could  b e  inc rease d .  

• Inc lus ion of oils  and  fats , and  oilsee d s  
may have  und es irab le  inc rease  to 
up s t ream emiss ions  when comp ared  
to othe r c oncent ra te  fe ed s  and  so 
the ir inc lus ion should  b e  c are fully 
as se ssed .Error! Bookm a rk not  d e fine d . 

4  Rumen Manip ulat ion inc lud es  ad d it ive s , 
d e faunat ion (re moval of rumen p rotozoa 
which imp ac ts  CH4 p rod uc t ion from ente ric  
fe rmenta t ion) and  e le c t ron s inks  

• Marke t  read y fe ed  ad d it ive s  inc lud e  
3NOP, and  more  re cent ly 
As paragops is  taxiformis , which have  
b een shown to red uce  CH4 emiss ions  
from ente ric  fe rmentat ion b y 32% 
and  up  to 80 % re sp e c t ive ly 12. 

• Ad d it ive s  in some  cases  mus t  b e  fe d  
cont inuous ly so are  not  suitab le  for 
grazing live s tock sys te ms , and  more  
and  longe r- t e rm re se arch is  need ed  
to d e te rmine  ne t  e ffec t  on 
p rod uc t ivity (3NOP has  b een shown 
not  to affe c t  p rod uc t ivity). 

• Elec t ron s inks  red uc e  hyd rogen 
availab le  to me thanogens , me thane  
gene rat ing b ac te ria , which would  
othe rwise  b e  availab le . 

Crop  t o  Ha y (p e rm a ne nt  s e e d  d own) 
4  Es tab lishing ad ap te d  and  com p at ib le  

sp ec ie s , varie t ie s , or cult ivars  of p e rennial 
he rb ac eous  p lants  suitab le  for p as ture  or 
hay p rod uc t ion. Can b e  ap p lie d  to imp rove  

Conve rt ing land  with annual c rop s  to  
p e rennial c rop s  can re sult  in inc reased  soil 
c arb on seq ues t rat ion and  red uc ed  N2O 

 
12 (Arndt et al., 2022) 



 

 

live s tock nut rit ion and  hea lth, inc rease  
forage , re d uce  soil e ros ion, imp rove  wate r 
q uality, imp rove  air q uality and  imp rove  soil 
health. 

emiss ions  d ep end ing on fe rt ilize r p rac t ice s  
used . 

Agrofore s t ry  (s ilvop a s t u re , a lle y c rop p ing , m ult i- s t ory c rop p ing a nd  rip a ria n  fore s t  b uffe rs ) 
4  • Agrofore s t ry  the  intent ional integrat ion 

of t re e s  and  shrub s  into c rop  and  animal 
p rod uc t ion sys te ms  to enhance  
p rod uc t ivity, p rofitab ilit y, and  
environm ental s t eward ship  of agricultural 
op e ra t ions  

Can inc rease  C seq ues t ra t ion in p lant  
b iomass  and  soil as  we ll as  red uce  N2O 
emiss ions  b y re d uc ing fe rt ilize r ap p licat ion 
rate s  and  nut rient  loss  b y inc reas ing 
ut ilizat ion and  cyc ling of nut rients . May re sult  
in d ec reased  foss il fue l consump t ion from 
red uc ed  e q uip m ent  use  and  red uc ed  
farms tead  heat ing and  c ooling. Imp rove d  
forage  q ua lity can also re sult  in red uc ed  
me thane  emiss ions  13 

3  • Silvop a s t u re  t ree s  comb ined  with 
p as ture  and  live s tock p rod uc t ion 

Can inc rease  C s torage  in p lant  b iomass  and  
soil and  re d uce  ind irec t  N2O emiss ions  b y 
red uc ing nut rient  loss . Im p roved  forage  
q uality can also re sult  in red uce d  m e thane  
emiss ions . 14 

3  • Alle y Crop p ing t ree s  or shrub s  p lanted  
in se ts  of s ingle  or mult ip le  rows  with 
agronomic  c rop s , hort icultural c rop s , or 
forages  p rod uce d  in the  a lleys  b e twe en 
the  t re e s  that  can a lso p rod uce  
ad d it ional p rod uc ts  

Can inc rease  C s torage  in p lant  b iomass  and  
soil and  re d uce  ind irec t  N2O emiss ions  b y 
inc reas ing ut ilizat ion and  c yc ling of 
nut rients .15  

3  • Mult is t ory c rop p ing exis t ing or p lanted  
s tand s  of t ree s  or shrub s  that  are  
managed  as  an ove rs tory with an 
und e rs tory of p lants  that  are  grown for a  
varie ty of p rod uc ts  

Can inc rease  C s torage  in p lant  b iomass  and  
soil and  re d uce  ind irec t  N2O emiss ions  b y 
imp roving nut rient  c yc ling. 16  

3  • Rip a ria n  Fore s t  Buffe rs  an area of t ree s , 
shrub s , and  he rb aceous  vege tat ion 
e s tab lished  and  manage d  ad jac ent  to 
s t reams , lakes , p ond s , and  we t land s  

Can inc rease  C s torage  in p lant  b iomass  and  
soil re d uce  ind irec t  N2O e miss ions  from 
agricultura l runoff and  leaching. 17 

No- Till 
3 The  no t ill p rac t ice  ad d re s se s  the  amount , 

orientat ion, and  d is t rib ut ion of c rop  and  
Due  to minimal d is turb anc e  of the  soil, no- t ill 
farming can p re se rve  more  soil c arb on 

 
13 (Schoeneberger et al, 2017) 
14 (Schoeneberger et al, 2017) 
15 (Schoeneberger et al, 2017) 
16 (Schoeneberger et al, 2017) 
17 (Schoeneberger et al, 2017) 



 

 

othe r p lant  re s id ue  on the  soil surface  year-
round . Crop s  are  p lante d  and  grown in 
narrow s lots  or t ille d  s t rip s  e s tab lished  in the  
unt illed  se ed b ed  of the  p revious  c rop . 
 

b eneath the  surfac e  of the  soil com p ared  to 
convent ional t ill. Howeve r, the  inc rease  in soil 
c arb on varie s  (or may not  occur) d ep end ing 
on soil typ e , c limate , e q uip ment  used  and  
d urat ion of the  p rac t ice . In gene ral, soil 
c arb on inc reases  are  gre a te r in warm er and  
we t te r c limate s  than d rie r and  coole r 
c limate s .18 

Cove r Crop    
3 Grasse s , legumes , and  forb s  p lante d  for 

seasonal vege tat ive  cove r that  are  not  
harves te d . Can b e  p lanted  to re d uce  e ros ion, 
maintain soil health, red uc e  wate r q uality 
d egrad at ion, sup p re ss  we ed s  and  p es ts , 
imp rove  soil m ois ture , and  minimize  soil 
com p ac t ion.  
 

Me ta analyses  ind ica te  that  cove r c rop s  can 
s ignificant ly red uc e  nit rogen (N) leaching and  
s ignificant ly inc rease  soil organic  carb on 
(SOC) seq ues t ra t ion. The re  was  no 
s ignificant  imp ac t  found  on d irec t  N2O 
emiss ions .19  Howeve r, othe r s tud ie s  have  
found  mixe d  re sult s  on inc reases  in SOC 
d ep end ing on cove r c rop  b iomass  
accumulat ion rat e s ,20  soil m ois ture  leve ls , 
and  typ e  of c ove r c rop  p lanted .21 

Re d uc e d  Tilla ge  
3 The  red uce d  t illage  p rac t ice  manages  the  

amount , orienta t ion, and  d is t rib ut ion of c rop  
and  othe r p lant  re s id ue  on the  soil surface  
year- round  while  limit ing the  soil- d is turb ing 
ac t ivit ie s  used  to grow and  harves t  c rop s  in 
sys tems  where  the  fie ld  surface  is  t illed  p rior 
to p lant ing. Inc lud es  seasonal no- t ill, rid ge  
t illage , s t rip  t illage  and  mulch t illage . 

By d is turb ing the  soil le s s  than convent iona l 
t ill, red uc ed  t illage  can re s ult  in inc reased  soil 
c arb on seq ues t rat ion com p ared  to 
convent ional t ill. Howeve r, s imilar t o no- t ill, 
re sult s  vary d e p end ing on soil typ e , c limate , 
eq uip m ent  used  and  d ura t ion of the  
p rac t ice 22 

Ma nure  In je c t ion  
3 Manure  is  ap p lied  b e low the  soil surface  to 

red uc e  e miss ions  and  the  p otent ia l for 
nut rient  runoff to surface  wate rs .23 

Manure  injec t ion can red uce  amm onia 
emiss ions  up  to 10 0 % (typ ically 50  >9 0 %) 
com p ared  to surface  ap p lied  m anure  which 
red uc es  ind irec t  N2O emis s ions .24 Manure  
injec t ion was  also found  to conse rve  more  
availab le  nit rogen in the  s oil while  re sult ing in 
low leve ls  of N2O emiss ions  com p are d  to 
surface  ap p licat ion.  Manure application 

 
18 (Ogle, et al., 2019) 
19 (Abdalla, et al., 2019) 
20 (Blanco-Canqui, 2022) 
21 (Garba, Bell, & Williams, 2022) 
22 (Haddaway, et al., 2017) 
23 (Leytem, Leinmann, Pote, & Dell, n.d.) 
24 (Leytem, Leinmann, Pote, & Dell, n.d.) 



 

 

effects on CH4 and CO2 fluxes are less 
consistent and appear to be more tied to 
weather, especially soil moisture and 
temperature.25 

Ma nure  Inc orp ora t ion  
3 The  mixing of d ry, semi- d ry, or liq uid  organic  

nut rient  sources  (inc lud ing manures , 
b iosolid s , and  comp os t ) into the  soil p rofile  
within a  sp ec ified  t ime  p e riod  from 
ap p licat ion.8  

Manure application effects on CH4 and 
CO2 fluxes are inconsistent and appear to be 
more tied to weather, especially soil moisture 
and temperature.26 Studies indicate that 
manure incorporation increases N2O fluxes 
compared to broadcast/surface application due 
to greater NH3/ ammonium 
(NH4+) conservation.27 Other studies found that 
immediate manure incorporation reduced NH3, 
CH4 and CO2 emissions but increased N2O 
fluxes.28 

Nut rie n t  Ma na ge m e nt  
3 Managing the  rat e , source , p lace ment , and  

t iming of p lant  nut rients  and  soil 
amend ments  while  red uc ing environmenta l 
imp ac ts . 

Can red uce  N ap p licat ion rate s  and  N2O 
emiss ions  and  can inc reas e  soil c arb on 
seq ues t rat ion. 29   

Pre c is ion  Agric u lt u re  
3 Prec is ion agriculture  is  a  gene ral te rm to 

d esc rib e  farming tools  b ased  on ob se rving, 
measuring, and  re sp ond ing to within- fie ld  
variab ility via  c rop  management . It  is  mad e  
p oss ib le  through the  use  of Glob al 
Pos it ioning Sys tem  or Glob al Navigat ion 
Sate llit e  Sys te m (GNSS), which enab le  farm 
manage rs  to  re sp ond  to fie ld  irregularit ie s . 
This  ap p roach allows  farm ers  to make  
imp ortant  re source  management  d e c is ions  
b oth on- s ite  and  in rea l- t ime .30  

By inc reas ing ac curac y and  only ap p lying 
need e d  leve ls  of nut rients  variab le  rate  
nut rient  ap p licat ion can re d uce  fe rt ilize r 
ap p licat ion ra te s  thus  red uc ing N2O 
emiss ions  and  can also inc rease  c rop  yie ld s .31 

Cons e rva t ion  Crop  Rot a t ion  

 
25 (Sherman, Young, Jokela, & Kieke, Manure Application Timing and Incorporation Effects on Ammonia and 
Greenhouse Gas Emissions in Corn, 2022) 
26 (Sherman, Young, Jokela, & Kieke, Manure Application Timing and Incorporation Effects on Ammonia and 
Greenhouse Gas Emissions in Corn, 2022) 
27 (Sherman, Young, Jokela, & Kieke, Manure Application Timing and Incorporation Effects on Ammonia and 
Greenhouse Gas Emissions in Corn, 2022) 
28 (Livestock and Poultry Environmental Learning Community, 2019; Sherman, Young, Jokela, & Cavadini, 
Impacts of Low Disturbance Liquid Dairy Manure Incorporation on Alfalfa Yield and Fluxes of Ammonia, Nitrous 
Oxide, and Methane, 2021) 
29 (Pape, et al., 2016) 
30 (Ashworth & Owens, 2023) 
31 (Balafoutis, et al., 2017) 

https://www.ars.usda.gov/oc/utm/benefits-and-evolution-of-precision-agriculture/


 

 

2 Growing a p lanned  s eq ue nce  of various  
c rop s  on the  same  p ie ce  of land  for a  varie ty 
of conse rvat ion p urp oses . Can b e  ap p lie d  to 
red uc e  e ros ion, maintain soil hea lth, red uce  
wate r q ua lity d egrad at ion, imp rove  soil 
mois ture , red uc e  p es t  p re ssure , p rovid e  fee d  
for live s tock and  p rovid e  food  and  cove r 
hab itat  for wild life . 

Conse rvat ion c rop  rot at ions  can inc rease  soil 
c arb on seq ues t rat ion d ep end ing on the  
sp ec ific  c rop s  grown and  p rac t ice s  used  (e .g. 
cove r c rop s , com p os t  ad d it ion, red uc ed  
t illage ).32 

Gra zing Ma na ge m e nt  Pra c t ic e s  inc lud ing Rot a t ion a l Gra zing  
2 Managing the  harves t  of vege tat ion with 

grazing and /or b rows ing animals  with the  
intent  to achieve  sp ec ific  ecological, 
e conomic , and  manage me nt  ob je c t ives . 
Rotat ional grazing is  the  p rac t ic e  of moving 
animals  through p as ture  to imp rove  soil, 
p lant , and  animal hea lth.33 

Managem ent  of grazing land s  and  p as ture  
can inc rease  soil c arb on s eq ues t rat ion 
d ep end ing on soil, c limate  and  ec osys tem  
cond it ions .34 Grazing management  p rac t ic e s  
can red uce  e miss ions  b y avoid ing 
conseq uenc es  of d egrad ing grass  sys tems  
and  encouraging d eep e r root  sys te ms  and  
greate r carb on seq ues t rat ion.35 

Filt e r St rip  (gra s s  b uffe r) 
2 An area of vege tat ion e s tab lished  for 

rem oving sed iment , organic  mate ria l, and  
othe r p ollutants  from runoff and  was tewate r. 

Red uc es  e miss ions  b y ab sorb ing nit rogen 
p rior t o runoff, thus  red uc ing sub seq uent  
N2O emiss ions , in ad d it ion to the  carb on 
seq ues t rat ion occurring from the  new 
vege tat ion.36 
 

 
 

  

 
32 (Vittoria Guidoboni, et al., 2023) 
33 (Rodale Institute, n.d.) 
34 (Wang, et al., 2021) 
35 (Favor, Lewis, Rinehart, & Haschke, n.d.) 
36 (U.S. Department of Agriculture, n.d.) 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0285586


 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sub m it t e d  b y: 
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Ab out  ICF  

ICF (NASDAQ:ICFI) is  a  glob al c onsult ing and  d igital se rvic es  c omp any with ove r 8 ,0 0 0  full-  and  p art- t ime  e mp loye es , 
b ut  we  are  not  your typ ic al consultants . At  ICF, b us ine ss  analys ts  and  p olic y sp e c ia lis t s  work toge the r with d igita l 
s t ra te gis ts , d ata  sc ie ntis t s  and  c re at ives . We  c omb ine  unmatc he d  ind us t ry e xp e rt ise  with c ut t ing- e d ge  e ngage ment  
c ap ab ilit ie s  to he lp  organizat ions  solve  the ir mos t  c omp le x c halle nge s . Sinc e  19 6 9 , p ub lic  and  p rivate  se c tor c lie nts  
have  worke d  with ICF to navigate  c hange  and  shap e  the  future . Le arn more  a t  ic f.c om. 

 

https://twitter.com/ICF
https://www.linkedin.com/company/icf-international/mycompany/verification/
https://www.facebook.com/ThisIsICF
https://www.instagram.com/thisisicf/?hl=en
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