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Stabilizing	
  Carbon	
  in	
  a	
  Fire-­‐Prone	
  Forest	
  
There	
  is	
  an	
  on-­‐going	
  debate	
  in	
  both	
  the	
  policy	
  and	
  scientific	
  communities	
  about	
  the	
  impacts	
  that	
  

forest	
   treatments	
   for	
   reducing	
   high-­‐severity	
   wildfire	
   risk	
   have	
   on	
   forest	
   carbon	
   storage.	
   	
   Treatments	
  
typically	
   involve	
   cutting	
   down	
   some	
   intermediate-­‐sized	
   trees	
   to	
   break	
   up	
   the	
   fuel	
   that	
   allows	
   fire	
   to	
  
move	
  from	
  the	
  forest	
  floor	
  to	
  the	
  canopy	
  and	
  prescribed	
  burning	
  to	
  reduce	
  surface	
  fuels.	
  	
  Research	
  has	
  
documented	
  that	
  both	
  of	
  these	
  management	
  tools	
  remove	
  and	
  emit	
  carbon	
  back	
  to	
  the	
  atmosphere.	
  	
  It	
  
is	
   also	
   well	
   established	
   that	
   these	
   treatments	
   are	
  
effective	
   at	
   reducing	
   high-­‐severity	
   wildfire	
   risk	
   by	
  
changing	
   fire	
   behavior.	
   	
   The	
   result,	
   when	
   fire	
   burns	
  
through	
   a	
   treated	
   forest,	
   is	
   that	
   the	
   fire	
   remains	
   on	
  
the	
   forest	
   floor	
   killing	
   fewer	
   trees	
   and	
   releasing	
   less	
  
carbon	
  emissions	
  back	
  into	
  the	
  atmosphere.	
  	
  	
  

In	
  a	
  study	
  in	
  ponderosa	
  pine	
  forests	
  at	
  Camp	
  Navajo,	
  
Arizona	
   we	
   used	
   a	
   landscape	
   simulation	
   model	
   to	
  
quantify	
   the	
   carbon	
  consequences	
  of	
  different	
   levels	
  
of	
   thinning	
   and	
   burning	
   treatments	
   and	
   different	
  
wildfire	
   probabilities.	
   	
   We	
   simulated	
   a	
   no-­‐action	
  
control,	
   an	
   understory	
   thin	
   treatment	
   that	
   removed	
  
small	
   diameter	
   ponderosa	
   pine	
   trees,	
   and	
   an	
  
understory	
   thin	
   and	
   burn	
   treatment	
   that	
   included	
  
prescribed	
   burning	
   every	
   10	
   years.	
   	
   We	
   ran	
  
simulations	
  with	
  and	
  without	
  wildfire.	
  	
  We	
  used	
  a	
  1	
  in	
  
50	
  and	
  a	
  1	
   in	
  100	
  chance	
  of	
  wildfire	
  occurring	
   in	
  any	
  
given	
  year,	
  both	
  of	
  which	
  are	
  toward	
  the	
   low	
  end	
  of	
  
the	
  fire	
  probability	
  range	
  for	
  this	
  area.	
  	
  In	
  the	
  absence	
  
of	
   wildfire,	
   the	
   treatments	
   stored	
   less	
   carbon.	
  

	
  

Figure	
   1:	
   Total	
   ecosystem	
   carbon	
   (TEC)	
   for	
   three	
  
different	
   treatments	
   and	
   two	
   different	
   probabilities	
   of	
  
wildfire.	
   	
   Dark	
   lines	
   are	
   means	
   and	
   shaded	
   areas	
   95%	
  
confidence	
  intervals	
  from	
  50	
  replicate	
  simulations.	
  



www.hurteaulab.org	
  
	
  

However,	
  when	
  we	
   included	
  wildfire,	
   the	
   thin	
  and	
  burn	
   treatment	
   stored	
  more	
  carbon	
   than	
  both	
   the	
  
control	
  and	
  the	
  thin	
  only	
  treatments	
  (Figure	
  1).	
   	
  The	
  thin	
  and	
  burn	
  treatment	
  surpassed	
  the	
  control	
   in	
  
year	
  41	
  when	
  the	
  chance	
  of	
  wildfire	
  was	
  1	
  in	
  50	
  and	
  in	
  year	
  50	
  when	
  the	
  chance	
  of	
  wildfire	
  was	
  1	
  in	
  100.	
  	
  
This	
  was	
  the	
  direct	
  result	
  of	
  the	
  influence	
  of	
  treatment	
  on	
  changing	
  fire	
  behavior	
  and	
  the	
  resultant	
  fire	
  
effects.	
   	
   The	
  mean	
   fire	
   severity	
  was	
  consistently	
   lower	
  across	
   the	
  majority	
  of	
   the	
   landscape	
  when	
  we	
  
simulated	
  thinning	
  and	
  burning	
  (Figure	
  2).	
  

We	
   also	
   calculated	
  
the	
   coefficient	
   of	
   variation	
  
(CV),	
   a	
   measure	
   of	
   how	
  
variable	
   the	
   results	
  were	
   at	
  
any	
  given	
  location.	
  	
  Thinning	
  
alone	
   did	
   little	
   to	
   change	
  
how	
   variable	
   fire	
   severity	
  
was	
   across	
   simulations.	
  
When	
   we	
   thinned	
   and	
  

burned,	
  variability	
  was	
  much	
  lower,	
  meaning	
  that	
  any	
  given	
  fire	
  tended	
  to	
  be	
  less	
  severe	
  in	
  the	
  thin	
  and	
  
burn	
   scenario.	
   	
   It	
   is	
   important	
   to	
   note	
   that	
   our	
   fire	
   probabilities	
   were	
   on	
   the	
   low	
   end	
   of	
   actual	
  
probabilities	
  for	
  this	
  region.	
   	
  Given	
  our	
  results,	
  we	
  would	
  expect	
  that	
  higher	
  wildfire	
  probability	
  would	
  
result	
   in	
   carbon	
   in	
   the	
   thin	
   and	
  burn	
   treatment	
   surpassing	
   carbon	
   stored	
   in	
   the	
   control	
   earlier	
   in	
   the	
  
simulation	
  period.	
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Figure	
   2:	
   	
   Mean	
   fire	
   severity	
   for	
   the	
   control	
   (A),	
   thin-­‐only	
   (B),	
   and	
   thin	
   and	
   burn	
   (C)	
  
treatments.	
  	
  Means	
  are	
  from	
  50	
  replicate	
  100	
  year	
  simulations	
  for	
  each	
  treatment.	
  

Management	
  Implications:	
  
• Thinning	
  and	
  burning	
  treatments	
  in	
  southwestern	
  ponderosa	
  pine	
  require	
  upfront	
  

removals	
  and	
  emissions	
  of	
  carbon.	
  
• Thinning	
  and	
  burning	
  treatments	
  reduce	
  wildfire	
  severity	
  and	
  overstory	
  tree	
  mortality	
  
• Thinning	
  and	
  burning	
  treatments	
  store	
  more	
  carbon	
  than	
  untreated	
  forest	
  even	
  when	
  

using	
  a	
  low	
  probability	
  for	
  wildfire	
  occurrence	
  in	
  these	
  forests.	
  
	
  


