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Global	
  Context	
  
	
  
•  Global	
  burned	
  area	
  es5mate:	
  3-­‐6	
  million	
  km2	
  (~50%	
  in	
  

Africa)	
  
•  Largest	
  increases	
  in	
  tropics	
  (deforesta5on/land-­‐use	
  

change	
  in	
  SE	
  Asia/South	
  America)	
  and	
  Mediterranean	
  
Europe/Eurasia	
  (changing	
  socio-­‐economics,	
  rural	
  
abandonment)	
  

•  Impacts	
  and	
  vulnerability	
  increasing:	
  
–  climate	
  change,	
  expanding	
  WUI	
  (urban	
  exodus),	
  land	
  

abandonment/rural	
  exodus,	
  changing	
  lifestyles,	
  economic	
  
development	
  

–  growing	
  popula5ons,	
  industrializa5on,	
  infrastructure	
  and	
  
disturbance-­‐sensi5ve	
  technologies	
  -­‐	
  society	
  becoming	
  
more	
  vulnerable	
  to	
  vegeta5on	
  fires,	
  par5cularly	
  fire	
  smoke	
  
pollu5on	
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Global	
  Vegeta,on	
  Fire	
  Smoke	
  (VHS)	
  Trends	
  

•  Evidence	
  that	
  VFS	
  has	
  influenced	
  society	
  since	
  
Middle	
  Ages	
  

•  Increasing	
  applica5on	
  of	
  fire	
  in	
  land-­‐use	
  change	
  over	
  
past	
  3-­‐4	
  decades	
  

•  More	
  frequent	
  and	
  extended	
  smoke	
  episodes	
  
•  In	
  metropolitan	
  or	
  urban	
  areas	
  impacts	
  of	
  VHS	
  

coupled	
  with	
  fossil	
  fuel	
  emission	
  burden	
  resul5ng	
  in	
  
increased	
  human	
  vulnerability	
  

•  Require	
  beNer	
  measurement	
  and	
  scien5fic	
  
understanding	
  of	
  impacts	
  in	
  order	
  to	
  prevent/
mi5gate	
  VFS	
  impacts	
  

•  Transboundary	
  effects	
  require	
  development	
  of	
  
interna5onal	
  policies	
  to	
  address	
  root	
  causes	
  and	
  
impacts	
  



VHS	
  Trends	
  (cont’d)	
  

•  Tropical	
  land-­‐use	
  change	
  (e.g.	
  South	
  America,	
  
Southeast	
  Asia)	
  -­‐	
  shiding	
  cul5va5on,	
  rain	
  forest	
  
conversion	
  to	
  pastures/planta5ons	
  

•  Southern	
  Europe	
  abandonment	
  of	
  rural	
  areas	
  –	
  
fuel	
  accumula5on,	
  more	
  fires	
  

•  Eurasia	
  countries	
  in	
  transi5on,	
  lack	
  of	
  
infrastructure	
  

•  Increasing	
  fire	
  ac5vity	
  and	
  severity	
  in	
  NA	
  –	
  WUI,	
  
CC,	
  forest	
  health	
  

•  More	
  fires,	
  more	
  smoke	
  and	
  more	
  human	
  
exposure	
  globally	
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Awareness	
  of	
  Smoke	
  Impacts	
  

•  Ini5al	
  focus	
  on	
  tropics	
  (Brazil,	
  Africa,	
  SE	
  Asia)	
  
•  Two	
  significant	
  fire/smoke/health	
  events	
  focused	
  aNen5on:	
  
•  SE	
  Asia	
  in	
  1997-­‐1998	
  and	
  Western	
  (European)	
  Russia	
  in	
  2010	
  



SE	
  Asia	
  El	
  Nino	
  Event	
  1997/1998	
  

–  El	
  Niño	
  event:	
  displaced	
  warm	
  water	
  to	
  eastern	
  Pacific	
  Ocean,	
  producing	
  cool	
  
waters	
  near	
  Indonesia	
  

–  Suppresses	
  monsoon	
  rains	
  that	
  dampen	
  use	
  of	
  fire	
  to	
  clear	
  land	
  for	
  agriculture	
  
–  RESULT:	
  extended	
  drought	
  and	
  deep	
  burning	
  in	
  peat/swamp	
  biomes	
  	
  
–  WHO	
  air	
  quality	
  standards	
  exceeded	
  by	
  300%	
  for	
  over	
  200	
  days	
  



SE Asia El Nino Event 1997/1998 
–  Es5mated	
  9.5	
  million	
  hectares	
  burned	
  in	
  1997/1998	
  (15-­‐25	
  

thousand	
  hectares	
  in	
  non	
  El	
  Niño	
  years)	
  
–  Low-­‐level	
  smoke	
  trapped	
  in	
  region,	
  mixing	
  with	
  urban	
  

smog,	
  becoming	
  more	
  toxic	
  
–  Huge	
  impact	
  on	
  human	
  health	
  (immediate	
  &	
  long-­‐term)	
  
–  Es5mates	
  that	
  carbon	
  par5culates	
  would	
  have	
  the	
  greatest	
  

effect,	
  causing	
  6,800–14,300	
  deaths,	
  while	
  Ozone	
  would	
  be	
  
responsible	
  for	
  	
  2,300–5,900	
  deaths.	
  



Awareness	
  of	
  Smoke	
  Impacts	
  
•  2010	
  Moscow	
  

–  extreme	
  heat	
  and	
  drought	
  condi5ons	
  
–  fires	
  in	
  agricultural	
  and	
  abandoned	
  peat	
  lands	
  

east	
  of	
  Moscow	
  -­‐	
  rural	
  abandonment	
  
–  extreme	
  heat	
  and	
  smoke	
  pollu5on	
  in	
  Moscow	
  

late	
  July	
  through	
  August	
  
–  55,800	
  addi5onal	
  deaths	
  (above	
  long-­‐term	
  

average)	
  in	
  Russia	
  in	
  July/August	
  period	
  

July	
  30	
   August	
  7	
  



Western Russia 2010 
•  Unprecedented	
  heat	
  wave	
  began	
  in	
  June	
  
•  Numerous	
  fires	
  in	
  western	
  Russia	
  (Moscow	
  to	
  Urals)	
  

–  Heavily	
  populated,	
  cul5vated	
  region	
  -­‐	
  large	
  fires	
  uncommon	
  
–  Peatlands	
  drained	
  for	
  energy	
  produc5on	
  –	
  not	
  flooded	
  ader	
  2002	
  fires	
  
–  Birch	
  and	
  pine	
  forest,	
  heavy	
  agricultural	
  produc5on	
  
–  Increasing	
  rural	
  abandonment	
  in	
  21st	
  century	
  

•  Over	
  1000	
  fires,	
  ~200,000	
  hectares	
  burned	
  
–  Smoke	
  pollu5on	
  levels	
  extreme	
  over	
  Moscow	
  and	
  region	
  for	
  extended	
  period	
  
–  Daily	
  mortality	
  in	
  Moscow	
  doubled	
  from	
  350	
  to	
  700	
  (heat	
  stress/smoke	
  impacts)	
  
–  Longer-­‐term	
  health	
  impacts	
  unknown	
  but	
  significant	
  
–  More	
  than	
  50	
  people	
  killed,	
  5000	
  homeless,	
  15	
  billion	
  USD	
  in	
  losses	
  



Canadian	
  Fire	
  Smoke	
  Transport/Urban	
  Impacts	
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Terra  MODIS   1629-1641 UTC  (NA) 
(µg/m3) 

Quebec	
  2002	
  Wildfires	
  



West-­‐Central	
  Canada	
  Fires	
  2006	
  

Smoke	
  moves	
  to	
  southeast,	
  	
  
affec5ng	
  air	
  quality	
  in	
  populated	
  	
  
regions	
  of	
  eastern	
  Canada	
  and	
  USA	
  

Omar	
  Torres,	
  NASA-­‐GSFC/UMBC-­‐JCET	
  



May	
  15,	
  2011	
  	
  1738h	
  MDT	
  

Hwy	
  88	
  

*	
  note	
  flat	
  column,	
  black	
  smoke	
  





Northwest	
  Territories	
  2014	
  
•  Protracted	
  burning	
  period,	
  modified	
  suppression	
  zone,	
  extensive	
  smoke	
  

transport	
  (~4	
  million	
  hectares)	
  



NWT	
  2014	
  Smoke	
  Transport	
  
•  Monitored	
  downstream	
  -­‐	
  improving	
  ground-­‐based/satellite	
  technology	
  
•  Large	
  air	
  quality	
  impacts	
  (Yellowknife	
  and	
  downstream)	
  



SAFARI-­‐92	
  
•  Emphasis	
  on	
  tropical	
  biomass	
  burning/smoke	
  

chemistry	
  and	
  transport	
  
•  IGBP	
  IGAC	
  local-­‐regional-­‐interna5onal	
  scale	
  

experiment	
  (tropospheric	
  aerosols)	
  
•  Interna5onal/	
  interdisciplinary	
  co-­‐opera5on	
  



CDN Smoke Chemistry/Transport Studies	
  
•  Mass	
  fire	
  experiments	
  (ON)	
  in	
  late	
  1980s	
  

–  Tower,	
  aircrad/helicopter	
  sampling	
  –	
  chemistry,	
  plume	
  dynamics	
  

•  ICFME	
  late	
  1990s	
  -­‐	
  helicopter	
  smoke	
  sampling	
  



CDN Smoke Chemistry/Transport Studies	
  
•  ARCTAS	
  2008	
  

–  Large	
  NASA	
  effort	
  -­‐	
  smoke	
  chemistry,	
  plume	
  
dynamics,	
  long-­‐range	
  transport	
  

•  BORTAS	
  2010	
  –	
  UK	
  aircrad,	
  ouqlow	
  over	
  Atlan5c	
  



Smoke	
  Transport	
  
From	
  Russian	
  2003	
  
Wildfires	
  

Alaska	
  
Eastern	
  Canada	
  

Finland	
  

Focus	
  of	
  numerous	
  smoke	
  transport	
  
Presenta5ons	
  at	
  AGU	
  in	
  2003	
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Summary	
  

•  Smoke	
  issue	
  first	
  gained	
  widespread	
  no5ce	
  in	
  Tropics	
  with	
  massive	
  land-­‐
use	
  change	
  

•  Ini5al	
  interna5onal	
  focus	
  on	
  smoke	
  chemistry,	
  transport	
  and	
  tropospheric	
  
ozone	
  

•  Now	
  a	
  growing	
  issue	
  in	
  boreal	
  and	
  temperate	
  zone	
  countries	
  
•  Numerous	
  interna5onal/interdisciplinary	
  smoke	
  experiments	
  conducted	
  

in	
  many	
  regions	
  globally	
  -­‐	
  con5nuing.	
  


