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Tropical	
   biomass	
   burning	
  has	
   long	
  been	
   recognized	
   as	
   a	
  major	
   source	
  of	
   trace	
   gases	
   and	
   aerosols	
   to	
   the	
  
troposphere.	
   In	
   this	
   study,	
   we	
   focus	
   on	
   burning	
   in	
   Southeast	
   Asia,	
   which	
   is	
   heavily	
   impacted	
   by	
   human	
  
ac?vi?es	
  and	
  climate.	
  In	
  this	
  region,	
  prior	
  studies	
  have	
  shown	
  that	
  interannual	
  variability	
  in	
  fires	
  is	
  closely	
  
linked	
  to	
  drought,	
  which	
  in	
  turn	
  is	
  ?ed	
  to	
  the	
  warm-­‐phase	
  ENSO	
  (El	
  Niño-­‐Southern	
  Oscilla?on)	
  condi?ons.	
  
We	
   show	
   that	
   year-­‐to-­‐year	
   variability	
   in	
   satellite-­‐detected	
   fire	
   counts	
   in	
   Indonesia	
   from	
   1995-­‐2010,	
   as	
  
reported	
   by	
   the	
   ATSR	
  World	
   Fire	
   Atlas,	
   is	
   strongly	
   ?ed	
   to	
   the	
   interannual	
   varia?ons	
   in	
   both	
   the	
   NOAA	
  
Mul?variate	
  ENSO	
   Index	
   (MEI)	
  and	
   the	
  Southern	
  Oscilla?on	
   Index	
   (SOI).	
   Similar	
  findings	
  were	
  derived	
   for	
  
Vietnam,	
  Malaysia,	
  and	
  the	
  Philippines.	
  At	
  shorter	
  ?mescales,	
  month-­‐to-­‐month	
  varia?ons	
   in	
  fire	
  counts	
   in	
  
Indonesia	
  were	
  strongly	
  related	
  to	
  phases	
  of	
  the	
  Madden-­‐Julian	
  Oscilla?on	
  (MJO)	
  that	
  are	
  associated	
  with	
  
below-­‐average	
  rainfall	
  in	
  this	
  region.	
  Our	
  results	
  confirm	
  that	
  not	
  only	
  anthropogenic	
  land-­‐clearing	
  ac?vi?es,	
  
but	
  regional	
  climate	
  influences,	
  have	
  strong	
  impacts	
  on	
  the	
  number	
  and	
  ?ming	
  of	
  biomass	
  burning	
  events	
  
observed	
  by	
  satellite	
  in	
  Southeast	
  Asia.	
  

Abstract	
  

A)	
  ENSO	
  anomalies	
  CorrelaBons:	
  
The	
  ENSO	
  indexes	
  are	
  reported	
  monthly	
  so	
  we	
  used	
  the	
  monthly	
  fire	
  count	
  data.	
  For	
  each	
  year,	
  we	
  found	
  
total	
  fire	
  counts	
  from	
  July	
  (year	
  1)	
  –	
  June	
  (year	
  2),	
  to	
  be	
  consistent	
  with	
  the	
  ENSO	
  cycle.	
  We	
  computed	
  the	
  
average	
  MEI	
   or	
   SOI	
   over	
   the	
   same	
   July-­‐June	
  ?me	
  period.	
   Finally,	
  we	
   SUBTRACTED	
   linear	
   trends	
   over	
   the	
  
years	
  of	
  data	
  (1995-­‐2010)	
  for	
  both	
  data	
  sets.	
  This	
  gives	
  us	
  ANOMALY	
  	
  (“adjusted”)	
  plots	
  that	
  we	
  can	
  use	
  for	
  
comparison.	
  

FIGURE	
  1:	
  Example	
  of	
  the	
  linear	
  trends	
  subtrac?on	
  to	
  compute	
  ENSO	
  and	
  fire	
  counts	
  anomalies.	
  	
  

B)	
  MJO	
  phases	
  correlaBon:	
  

Because	
  the	
  MJO	
  varies	
  on	
  much	
  shorter	
  ?mescales	
  than	
  do	
  ENSO-­‐related	
  indices,	
  we	
  use	
  daily	
  (rather	
  than	
  
monthly)	
  values	
  for	
  this	
  part	
  of	
  our	
  work.	
  The	
  phase	
  is	
  related	
  to	
  variables	
  defined	
  by	
  Wheeler	
  and	
  Hendon	
  

(RMM1	
  and	
  RMM2).	
  We	
  used	
  daily	
  values	
  of	
  the	
  phase	
  available	
  from	
  hcp://cawcr.gov.au/staff/mwheeler/
maproom/RMM/RMM1RMM2.74toReal?me.txt.	
  Also,	
  discrete	
  values	
  of	
  the	
  fire	
  counts	
  for	
  each	
  region	
  are	
  

available	
  (?me	
  and	
  loca?on	
  of	
  each	
  hot	
  spot),	
  but	
  these	
  data	
  needed	
  to	
  be	
  specially	
  processed	
  into	
  a	
  file	
  of	
  
daily	
   fire	
   counts	
   for	
   each	
   region.	
   Because	
   this	
   processing	
   was	
   ?me-­‐consuming,	
   we	
   chose	
   seven	
   years	
  

(2002-­‐2008)	
  for	
  ini?al	
  inves?ga?on,	
  to	
  examine	
  whether	
  any	
  rela?onships	
  exist	
  between	
  the	
  data	
  sets,	
  and	
  

confined	
  our	
  analyses	
  to	
  Indonesia.	
  

FIGURE	
  2:	
  MJO	
  phases	
  and	
  their	
  effect	
  on	
  Indonesia.	
  

Conclusion	
  
We	
   found	
  a	
   strong	
   rela?onship	
  between	
   the	
   SOI	
   and	
   satellite-­‐derived	
  fire	
   counts,	
   and	
  MEI	
  
and	
   satellite-­‐derived	
   fire	
   counts	
   for	
   the	
   SE	
   Asia	
   loca?ons	
   considered.	
   These	
   have	
   a	
   strong	
  
influence	
   on	
   interannual	
   variability	
   in	
   fires.	
   This	
   rela?onship	
   is	
   expected	
   because	
  when	
   El	
  
Niño	
   is	
  present,	
  a	
  decrease	
   in	
  cloud	
  forma?on	
  over	
   Indonesia	
  occurs,	
  oien	
  associated	
  with	
  
drought.	
  Certain	
  phases	
  of	
  the	
  MJO	
  are	
  also	
  strongly	
  associated	
  with	
  decreased	
  rainfall	
  and	
  
dry	
  condi?ons	
  in	
  Indonesia.	
  Therefore,	
  we	
  expected	
  to	
  see	
  fire	
  counts	
  increase	
  during	
  those	
  
phases,	
   and	
  our	
  findings	
   thus	
   far	
   are	
   consistent	
  with	
   this	
  expecta?on.	
  These	
  have	
  a	
   strong	
  
influence	
  on	
  month-­‐to-­‐month	
  variability	
  in	
  fires	
  within	
  the	
  “fire	
  season”.	
  MJO	
  and	
  ENSO	
  are	
  
not	
   completely	
   independent,	
   so	
   further	
   rela?onships	
  may	
   exist	
   that	
   can	
   be	
   explored	
   with	
  
these	
  data	
  sets.	
  Should	
  also	
  process	
  more	
  years	
  of	
  data	
  	
  to	
  ensure	
  this	
  signal	
  is	
  robust	
  

Results	
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A)  ENSO	
  anomalies	
  correlaBon	
  with	
  fire	
  counts:	
  

FIGURE	
  3:	
  SOI	
  correla?on	
  with	
  Fire	
  Counts	
  on	
  some	
  regions	
  of	
  South	
  Asia.	
  Nega?ve	
  Values	
  of	
  the	
  SOI	
  means	
  the	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  presence	
  of	
  El	
  Niño-­‐Southern	
  Oscilla?on.	
  

FIGURE	
  4:	
  MEI	
  correla?on	
  with	
  the	
  Fire	
  Counts	
  on	
  some	
  regions	
  of	
  South	
  Asia.	
  Posi?ve	
  Values	
  of	
  the	
  MEI	
  means	
  
the	
  presence	
  of	
  El	
  Niño-­‐Southern	
  Oscilla?on.	
  

Results	
  (Cont.)	
  
B)	
  	
  MJO	
  CorrelaBons:	
  	
  

FUGURE	
  5:	
  Fire	
  Counts	
  on	
  each	
  MJO	
  phase	
  during	
  2002-­‐2008.	
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  Vietnam	
  

Strong	
  relaBonships	
  seen	
  between	
  satellite	
  “hot	
  
spot”	
  and	
  ENSO	
  anomalies	
  for	
  all	
  locaBons	
  studied	
  

Data	
  sets	
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