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What’s	
  possible	
  in	
  say…	
   	
  10	
  years	
  



Need	
  to:	
  
•  	
  Characterize	
  fire	
  emissions	
  be7er.	
  
Also:	
  	
  
•  Be7er	
  capture	
  fire	
  occurrence	
  and	
  fire	
  growth	
  	
  
•  Be7er	
  resolve	
  terrain	
  
•  Be7er	
  diurnal	
  profile	
  models	
  
•  Be7er	
  plume	
  schemes	
  
•  Bring	
  chemistry	
  models	
  into	
  ensemble	
  daily	
  

runs	
  

Issues	
  



Structural	
  issues	
  with	
  smoke	
  modeling	
  
Garbage	
  in,	
  garbage	
  out	
  
But,	
  there	
  are	
  a	
  lot	
  of	
  inputs	
  in	
  smoke	
  models:	
  
- Weather	
  forecasts	
  
- VerXcal	
  structure	
  (mixing	
  height,	
  etc…)	
  
- Transport	
  direcXon	
  

- Fire	
  informaXon	
  
- LocaXon,	
  size	
  and	
  growth	
  

- Fuels	
  
-  Including	
  fuel	
  structure	
  
- Fuel	
  moistures	
  

	
  

	
  



Structural	
  issues	
  with	
  smoke	
  modeling	
  
-  People	
  are	
  sensiXve	
  to	
  smoke	
  at	
  very	
  low	
  levels	
  
	
  
-  Smoke	
  models	
  are	
  on	
  large	
  grid	
  scales	
  	
  
-  Fires	
  burn	
  and	
  people	
  live	
  in	
  complex	
  terrain	
  
-  Near-­‐field	
  and	
  drainage	
  flow	
  smoke	
  impacts	
  are	
  not	
  well-­‐
modeled	
  

	
  
-  Smoke	
  models	
  are	
  slow	
  (and	
  likely	
  to	
  get	
  slower)	
  
	
  
-  Bias	
  correcXon	
  is	
  hard	
  for	
  event	
  driven,	
  spaXally	
  
inhomogeneous,	
  highly	
  variable	
  phenomenon	
  

-  Smoke	
  models	
  are	
  hard	
  to	
  interpret	
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Modeling Steps 



The	
  Next	
  GeneraXon	
  Smoke	
  Model	
  
+ Enhanced	
  fire	
  detecXon	
  /	
  tracking	
  

•  More	
  accurate	
  fire	
  sizes	
  
•  DetecXon	
  of	
  smaller	
  fires	
  
•  CompensaXon	
  for	
  dropouts	
  of	
  detecXons	
  (e.g.	
  due	
  to	
  
cloud	
  cover)	
  

	
  
+ Fire	
  growth	
  modeling	
  

•  No	
  more	
  persistence	
  
•  Be7er	
  diurnal	
  profile	
  	
  
based	
  on	
  fire	
  /	
  weather	
  /	
  fuels	
  	
  
interacXon	
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The	
  Next	
  GeneraXon	
  Smoke	
  Model	
  
+ Enhanced	
  fuels	
  

•  More	
  accurate	
  fuel	
  type	
  maps	
  
•  Be7er	
  fuel	
  loading	
  and	
  fuel	
  loading	
  uncertainty	
  
•  Be7er	
  layers	
  for:	
  	
  Shrubs,	
  Duff,	
  Li7er,	
  Canopy	
  
	
  

+ Dynamic	
  fuels	
  
•  Fuels	
  that	
  change	
  with	
  the	
  season	
  
•  Fuels	
  that	
  incorporate	
  predicXons	
  of	
  regrowth	
  
	
  

+ Be7er	
  spaXally	
  allocated	
  fuel	
  moistures	
  
•  Enhanced	
  satellite	
  tracking	
  of	
  rain	
  
•  Moisture	
  dynamics	
  for	
  spaXal	
  allocaXon	
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The	
  Next	
  GeneraXon	
  Smoke	
  Model	
  

+ ConsumpXon	
  algorithm	
  improvements	
  
•  Deep	
  organic	
  consumpXon	
  a	
  major	
  issue	
  
•  Canopy	
  consumpXon	
  currently	
  very	
  simplisXc	
  
•  Smoldering	
  duraXon	
  and	
  amount	
  

+ Emissions	
  factors	
  –	
  more	
  &	
  be7er	
  
•  By	
  vegetaXon	
  type	
  
•  Enhanced	
  EFs	
  for	
  chemically	
  important	
  but	
  lesser	
  
emi7ed	
  species	
  (e.g.	
  VOCs,	
  BC,	
  etc…)	
  

•  BC	
  /	
  OC	
  raXos	
  
	
  

	
  

	
  



The	
  Next	
  GeneraXon	
  Smoke	
  Model	
  

+ Plume	
  rise	
  
•  New	
  models	
  	
  
needed	
  

•  Ability	
  to	
  	
  
model	
  complex	
  
fire	
  plumes	
  

	
  	
  

	
  

	
  

	
  



The	
  Next	
  GeneraXon	
  Smoke	
  Model	
  
	
  

+ Smoke	
  chemistry	
  improvements	
  
•  Ozone	
  formaXon	
  
•  Secondary	
  aerosols	
  
•  Be7er	
  represent	
  aging	
  
of	
  smoke	
  for	
  haze,	
  etc…	
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What’s	
  possible…	
  soonish	
  
 
•  Operational framework w/ 

•  Coupled fire / atm model  
 for fire growth and plume  

•  Near-field plume model (sub-grid) 
•  Far-field full chemistry 
•  Ensemble runs 

•  Explicitly treats and outputs useful results for: 
•  Near-field smoke impacts 
•  Drainage flow smoke impacts 
•  Plume chemistry (ozone, PM, visibility) 

•  Provides for easier interpretation: 
•  Corrects for uncertainties and errors by using time/space 

aggregation 
•  Gives impacts + uncertainties 
•  Probabilistic forecast  30% chance of light to moderate… 

	
  

	
  

	
  



we will need a significantly better understanding of 
and ability to model: 
 

• Plume structure 
• Emissions, including heat and its time-space 

structure 
• Transport including drainage flows 
• Chemistry near and far-field 
• Public health relevant outputs 
 

To do this,  



•  Coupled fire-atmosphere models are advancing 
•  New models in development 

•  e., CFS fire growth and plume schemes 
•  Ensemble forecasts in progress in U.S. 

•  Above are being incorporated into experimental 
forecasts 

•  Near-term bias correction being tested 
•  Automated regional summaries being tested that 

use models + smoke obs + ancillary data 

•  Major new observation campaign being planned 

 

So, let’s get to it: 



Thank you 
	
  
	
  
Special	
  thanks	
  to	
  our	
  funders	
  in	
  this	
  work:	
  
	
  
	
  
	
  
	
  
More	
  informaXon:	
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