


•  Overview	
  of	
  cropland	
  burning	
  in	
  the	
  con5guous	
  U.S.	
  
(CONUS)	
  and	
  Canada	
  

•  State-­‐	
  and	
  provincial-­‐level	
  regula5ons	
  

•  Remote	
  sensing-­‐based	
  analysis	
  of	
  cropland	
  burning	
  
–  CONUS	
  
–  Canada	
  



Wheat residue burning in Arkansas 

Sugarcane burning in Florida 



1970s:	
  Complaints	
  concerning	
  diminished	
  air	
  quality	
  and	
  visibility	
  (OR,	
  WA,	
  CA).	
  

1980s:	
  Oregon	
  Department	
  of	
  Environmental	
  Quality	
  requires	
  permits	
  for	
  farmers	
  to	
  burn	
  
their	
  fields	
  in	
  1981;	
  Requirements	
  became	
  stricter	
  in	
  1988	
  following	
  a	
  mulL-­‐car	
  accident	
  in	
  
which	
  smoke	
  from	
  field	
  burning	
  near	
  Albany,	
  Oregon	
  blew	
  onto	
  I-­‐5,	
  leading	
  to	
  23-­‐car	
  
accident	
  in	
  which	
  seven	
  people	
  died	
  and	
  37	
  were	
  injured.	
  OR	
  HR	
  3343	
  created	
  state	
  
monitoring	
  and	
  permiVng	
  system	
  that	
  can	
  be	
  enforced	
  through	
  fines.	
  	
  

1990s:	
  Federal	
  Clean	
  Air	
  Act	
  (1990)	
  lead	
  to	
  state-­‐level	
  laws	
  which	
  addressed	
  crop	
  residue	
  
burning	
  in	
  CA,	
  OR,	
  and	
  WA;	
  Agricultural	
  Air	
  Quality	
  Task	
  Force	
  created	
  in	
  1996.	
  	
  

2000s:	
  State	
  limits	
  on	
  burning;	
  farmers	
  voluntarily	
  submiVng	
  to	
  non-­‐fee-­‐based	
  permiVng	
  
systems,	
  legal	
  ba[les	
  between	
  environmental/health	
  organizaLons	
  and	
  states;	
  states	
  refining	
  
their	
  applicaLon	
  of	
  ‘Freedom	
  to	
  Farm’	
  and/or	
  ‘Right	
  to	
  Farm’	
  to	
  crop	
  residue	
  burning.	
  

2010s:	
  U.S.	
  Environmental	
  ProtecLon	
  Agency	
  acLvely	
  pursuing	
  monitoring	
  and	
  control	
  of	
  
crop	
  residue	
  burning	
  under	
  the	
  Regional	
  Haze	
  Rule.	
  	
  



State Percent	
  change,	
  
2003-­‐2004 Percent	
  change,	
  

2004-­‐2005 Percent	
  change,	
  
2005-­‐2006 Percent	
  change,	
  

2006-­‐	
  2007 Average	
  percent	
  change,	
  
2003-­‐2007 Net	
  change	
  of	
  burned	
  area,	
  

2003-­‐2007 
CA +19% -­‐28% -­‐58% +13% -­‐13% -­‐26,179	
  ha	
   
FL -­‐12% -­‐2% -­‐14% +4% -­‐6% -­‐73,272	
  ha 
ID +27% +8% -­‐1% -­‐28% +2% +9,878	
  ha 
LA -­‐25% +42% -­‐54% +53% +4% +25,383	
  ha 
OR -­‐21% +29% -­‐14% +17% +3% +7,161	
  ha 
WA +55% -­‐19% -­‐69% +51% +5% +54,051	
  ha 





Average	
  contribuLon	
  of	
  emissions	
  by	
  crop	
  type	
  for	
  years	
  
2003-­‐2007.	
  



Years CO2	
  (Tg) CH4	
  (Gg) CO	
  (Gg) NO2(Gg) SO2	
  (Gg)	
   PM2.5	
  (Gg) PM10	
  (Gg) 

2003 6.5 9.1 252.1 12.2 5.2 22.3 29.0 

2004 6.0 9.2 230.4 11.3 4.3 21.1 28.2 

2005 6.1 9.4 234.0 11.1 4.4 21.4 29.1 

2006 5.7 8.4 212.3 9.4 4.0 19.2 26.4 

2007 6.2 9.3 240.2 11.1 5.1 21.0 29.2 

Average 6.1 9.1 233.8 11.0 4.6 21.0 28.4 

Average	
  Interannual	
  Variability	
  (%) 5.1% 5.9% 7.8% 9.1% 10% 7.1% 7.1% 







0.000 

0.050 

0.100 

0.150 

0.200 

0.250 

0.300 

0.350 

0.400 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

B
C

 E
m

is
si

on
s 

(G
g)

 

Months 

Klimont/IIASA (2010) EF 

Turn et al. (1997) EF 

Andreae & Merlet (2001) EF 

McCarty (2009) EF 

Average EF 



Aerial of wheat residue burning in 
Manitoba (superstock.co.uk) 



Province	
   Ministry	
   Regula5on	
  	
  
Ontario	
   Natural	
  

Resources	
  

•  Concern	
  is	
  spread	
  of	
  cropland	
  fires	
  to	
  forests;	
  
o  Provincial	
  Forest	
  Fires	
  Preven,on	
  Act;	
  
o  Farmers	
  can	
  be	
  held	
  responsible	
  for	
  costs	
  of	
  suppressing	
  fire	
  

and	
  property	
  damage;	
  
•  Must	
  meet	
  certain	
  safety	
  and	
  burning	
  condiLons.	
  

Manitoba	
   Agriculture,	
  
Food	
  and	
  Rural	
  
IniLaLves	
  

•  Concerns	
  mainly	
  are	
  health,	
  road	
  safety	
  and	
  environment;	
  
•  Crop	
  residue	
  burning	
  managed	
  under	
  the	
  provincial	
  smoke	
  

management	
  plan;	
  
o  Certain	
  municipaliLes	
  are	
  authorized	
  to	
  burn	
  without	
  

permits	
  but	
  must	
  follow	
  daily	
  burn	
  authorizaLons;	
  
o  MunicipaliLes	
  not	
  authorized	
  to	
  burn	
  must	
  apply	
  for	
  

permits;	
  
•  Maintains	
  a	
  Crop	
  Knowledge	
  Centre	
  for	
  farmers	
  seeking	
  answers	
  

and/or	
  guidance.	
  

Saskatchewan	
   Agriculture	
   •  Discourages	
  farmers	
  from	
  burning	
  based	
  on	
  economic	
  loss	
  of	
  
straw,	
  potenLal	
  destrucLon	
  of	
  soil	
  organic	
  ma[er,	
  liability	
  for	
  fire	
  
and	
  smoke	
  hazards,	
  health	
  risks,	
  and	
  environmental	
  polluLon;	
  

•  Advocates	
  other	
  methods	
  of	
  straw	
  management;	
  
•  Maintains	
  an	
  Agriculture	
  Knowledge	
  Centre	
  for	
  farmers	
  seeking	
  

answers	
  and/or	
  guidance.	
  



Province	
   Ministry	
   Regula5on	
  	
  
Alberta	
   Agriculture	
  

and	
  Rural	
  
Development	
  

•  Lists	
  burning	
  straw	
  as	
  last	
  resort;	
  
•  Avoid	
  burning	
  2	
  years	
  in	
  a	
  row;	
  
•  Check	
  local	
  laws	
  for	
  permit	
  requirements;	
  
•  Liability	
  associated	
  with	
  fire	
  and	
  smoke	
  hazards	
  may	
  be	
  possible.	
  

BriLsh	
  Columbia	
   Agriculture,	
  
Food	
  and	
  
Fisheries	
  

•  Main	
  concern	
  is	
  spread	
  of	
  cropland	
  burning	
  to	
  forests;	
  
o  Provincial	
  Forest	
  Fire	
  Preven,on	
  and	
  Suppression	
  Regula,on	
  

regulates	
  open	
  fires	
  within	
  1	
  km	
  of	
  forests	
  
•  Nuisance	
  from	
  smoke	
  leaves	
  farmers	
  open	
  to	
  liability.	
  

•  Like	
  U.S.	
  states,	
  Canadian	
  provinces	
  also	
  have	
  ‘Right	
  to	
  Farm’	
  laws.	
   



Seasonal	
  cropland	
  burning	
  detected	
  by	
  1	
  km	
  MODIS	
  AcLve	
  Fire	
  detecLons	
  for	
  2009	
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Average Seasonal Distribution of Fire for 
Croplands, 2003 - 2009 
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