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 Fires and air quality 

Indonesian	  fires	  1997:	  PM	  >	  2000μg/m3	  during	  several	  days	  
(Heil	  and	  Goldammer,	  2001)	  
	  

Californian	  fires	  in	  2003:	  PM10	  >	  200μg/m3	  (Wu	  et	  al.,	  2006)	  
	  

Russian	  fires	  in	  2010:	  PM10	  ≈	  700-‐900μg/m3	  (Konovalov	  et	  al.,	  2011)	  	  
	   	   	   	   	  CO	  ≈	  10mg/m3,	  up	  to	  20mg/m3	  	  

Intense	  polluDon;	  worsen	  by	  radiaDve	  impact	  of	  aerosols	  
(more	  stable	  =>	  lower	  PBL	  height	  =>	  lower	  dilluDon)	  
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 Fires: where and when? 

3	  CO2	  Kg/m2	  (2000-‐2010,	  GFED)	  	  

DJF	  

JJA	  

MAM	  

SON	  

Moyenne	  2000-‐2010,	  inventaire	  GFED	  (van	  der	  Werf	  et	  al.,	  2012)	  
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 Direct influence on atmospheric composition: example of CO 
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Air	  quality	  impact	  

•  Relative contribution to local 
pollution budgets 
•  Integration in forecasting 
plateforms 

Pollutant’s emissions 

Transport mechanisms 

Chemical evolution 

Fire	  modeling	  

ObservaTons	  

•  Fire location 

•  Atmospheric chemical composition  

 Evaluating the impact of wildfires on air quality 
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Chemistry-‐transport	  
model	  (CTM)	  

CHIMERE	  	  

Simulated	  
concentraDons	  

Trace	  gases	  and	  aerosols	  
Emissions:	  	  

•  Anthropogenic	  	  
•  Biogenic	  
•  Dust	  	  

Meteo	  
WRF	  

IniDal/boundary	  
condiDons	  

simulated	  
observaDons	  

ObservaDons	  surface,	  
in	  situ,	  satellites	  

ObservaDons	  
fires,	  

vegetaDon	  
•  Fires	  

 Evaluating the impact of wildfires on air quality 
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Example	  of	  regional	  domain:	  	  
-‐  Chosen	  to	  include	  main	  sources,	  e.g.	  large	  

enough	  for	  African	  dust,	  and	  transport	  
pathways	  

-‐  Zoom	  above	  regions	  of	  interest	  
	  

Typically	  for	  regional	  CTMs:	  60km	  large	  
domain,	  down	  to	  20km	  
Note:	  global	  simulaDons	  ~1°	  at	  best	  	  
	  

 Evaluating the impact of wildfires on air quality 

⇒ Fire	  is	  a	  subgrid	  source	  
⇒ Same	  grid	  cell	  may	  include	  several	  fires	  
⇒ Oien	  several	  simultaneous	  fires	  in	  domain	  

Emissions	  =	  averaged	  flux	  over	  grid	  cell	  	  
	   	  	  	  	  	  	  (molecules/m2/s)	  

InjecTon	  heights	  =	  maximum	  height	  under	  
which	  plume	  supposed	  well	  mixed	  ;	  	  
Or	  verDcal	  profile	  	  
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 Fire emissions calculation 

Ei = A fvFv!v,i
v=1

nv

! Fv = Cv!pBp,v
p=1

np

!

Emission	  for	  given	  species	  i	  and	  a	  detected	  fire	  of	  surface	  A	  	  	  

FracDon	  of	  vegetaDon	  
type	  v	  in	  area	  burned	  
à	  Landcover	  database	  

Emission	  factor	  for	  
species	  i	  and	  vegetaDon	  
type	  v à	  lilerature	  	  	  

Fuel	  consumed	  

CombusDon	  fracDon 

Biomass	  density	  (kgC/m2)	  for	  carbon	  pool	  p	  
and	  vegetaDon	  type	  v à	  VegetaDon	  and	  
carbon	  cycle	  mode	  ORCHIDEE	  

Burning	  fracDon 
à	  Lilerature	  
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 Fire emissions calculation: APIFLAME v1.0 

(Turquety	  et	  al.,	  GMD,	  2014)	  
NRT:	  	  
hlp://www.lmd.polytechnique.fr/cosy/fires-‐modis-‐europe.php	  	  
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!p

0.6	  for	  forests	  
0.85	  for	  grasslands	  and	  croplands	  
0.85	  all	  PFTs	  in	  the	  Mediterranean	  during	  Summer	  

(Following	  Hoelzemann	  et	  al,	  2004)	  

Cv

4	  scenarios	  (‘available	  fuel	  load’):	  	  
•  Min	  
•  Max	  	  
•  Moyen	  
•  Linear	  variaDon	  f(stress	  hydrique)	  	  

 Fire emissions calculation: APIFLAME v1.0 
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 What about fires in Europe? 

Average	  yearly	  area	  burned	  (MODIS	  MCD64,	  2003-‐2012)	  

Fire	  frequency	  

•  Eastern	  Europe,	  Ukraine	  –	  Russia	  :	  smaller	  fires,	  recurrent;	  	  
•  Southern	  Europe,	  Mediterranean	  area:	  Large	  events,	  more	  sporadic.	  
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•  Eastern	  Europe,	  Ukraine,	  W.	  Russia:	  croplands;	  	  
•  Mediterranean	  area:	  Forests,	  shrublands,	  grasslands.	  
BUT:	  strongly	  depends	  on	  the	  landuse	  database	  used.	  

 What about fires in Europe? 

CORINE	  LAND	  COVER	   MODIS	  
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      Uncertainty evaluation  
 Case of the summer of 2007 

Burned	  area	  (km2)	   Emissions	  CO	  (kg)	  
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Day	  (01/06	  –	  30/09)	  

Comparison	  of	  daily	  regional	  emissions	  from	  APIFLAME	  v1.0	  	  
with	  other	  widely	  used	  inventories	  
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Jour	  (01/06	  –	  30/09)	  

Euro-‐Med	  region,	  summer	  of	  2007	  daily	  emissions	  

(T
g	  
C)
	  

Ensemble	  
Veg.	  CLC	  	  
Veg.	  USGS	  	  
Veg.	  MODIS	  
GFED	  	  

Uncertainty	  esDmated	  to	  ~	  100%:	  
1)  Burned	  area	  (σ>100%);	  	  
2)  VegetaDon	  (σ≈44%);	  
3)  Biomass	  density	  (σ≈14%)	  	  
+	  NON-‐LINEAR	  

      Uncertainty evaluation  
 Case of the summer of 2007 

Uncertainty	  esDmated	  using	  an	  
ensemble	  approach,	  incl.	  
different	  “reasonable”	  choices	  
of	  databases	  /	  parameters.	  	  
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 Emissions in Europe 

RelaDve	  importance	  of	  fire	  emissions	  for	  a	  few	  key	  pollutants	  

Day	  of	  year	  

Em
is
si
on

s	  C
O
Vs
	  (T

g)
	  

Euro-‐Med	  	  
Centre	  

Fires:	  an	  intense,	  sporadic	  source,	  
concentrated	  on	  short	  Dme	  periods,	  oien	  
regionally	  dominant	  during	  severe	  events.	  
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(Turquety	  et	  al.,	  GMD,	  2014)	  

Mean	  annual	  emissions	  (2003-‐2011)	  of	  PM2.5	  
anthropogenic	  (EMEP	  inventory)	  and	  fires	  (APIFLAME)	  

Fires
Anthropogenic

=28% 

Very	  significant	  importance	  for	  
recurrent	  episodes.	  

 Emissions in Europe 
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 Modeling the impact of fires:  
 case of the summer 2007 

(Stavros	  Stromatas,	  2013)	  

•  Good	  consistency	  in	  plume	  transport;	  
•  	  Strong	  underesDmate	  of	  AOD	  for	  this	  LRT	  event;	  
•  UncertainDes	  on	  emissions	  and	  verDcal	  transport.	  

CALIOP	  
CHIMERE	  –	  sans	  feux	  	  
CHIMERE	  –	  avec	  feux	  

AOD	  (865nm)	  fine	  mode	  20070827	  
PARASOL	   CHIMERE	  
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(Stavros	  Stromatas,	  2013)	  

•  Extended	  zone	  of	  influence;	  	  
•  Observed	  threshold	  exceedances	  only	  reproduced	  including	  fire	  emissions;	  	  	  
•  40-‐55%	  of	  exceedances	  during	  the	  summer	  of	  2007	  alributed	  to	  fires	  

 Modeling the impact of fires:  
 case of the summer 2007 
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(G.Rea	  et	  al.,	  ACPD,	  2015)	  

 Modeling the impact of fires:  
 case of the summer 2012 

Source	  contribuDons	  according	  to	  CHIMERE	  

SensiDvity	  analysis	  using	  the	  CHIMERE	  CTM	  

•  Dust:	  36%	  of	  PM10	  50μg/m3	  AQ	  std	  
exceedances	  

•  Fires:	  up	  to	  20%	  of	  avg	  surface	  PM2.5	  
	  

•  Anthropogenic:	  21%	  of	  PM2.5	  25μg/m3	  
recommendaDon	  threshold	  exceedances	  
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 Modeling the impact of fires:  
 case of the summer 2012 

Several	  fires	  events	  during	  the	  summer	  of	  2012	   MISR	  plume	  height	  
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 Modeling the impact of fires:  
 case of the summer 2012 

Air	  quality	  impact:	  comparisons	  to	  surface	  PM	  observaDons	  

OveresDmate	  by	  CHIMERE,	  especially	  
in	  the	  Iberic	  Peninsula.	  
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 Modeling the impact of fires:  
 case of the summer 2012 

Spanish	  fires	  27-‐06	  –	  04/07	  
	  
Mixed	  influence	  of	  fires	  and	  dust;	  	  
EvaluaDon	  of	  fire	  emissions	  difficult	  due	  
to	  large	  uncertainDes	  on	  both	  dust	  and	  
fire	  sources…	  
	  
Surface	  PM	  from	  fires	  seems	  over-‐
esDmated;	  and	  event	  seems	  to	  last	  
longer.	  

!

Mid-‐July	  fires	  



ICTP	  fire	  modeling	  workshop,	  Trieste,	  Italie	  -‐	  	  S.	  Turquety	  (solene.turquety@lmd.polytechnique.fr)	  

 Modeling the impact of fires:  
 case of the summer 2012 

Surface	  PM	  observaDons	  in	  Macedonia	  	   AOD	  at	  AERONET	  staDon	  in	  Romania	  

In	  this	  case,	  injecDon	  height	  is	  criDcal	  for	  local	  impact;	  not	  so	  much	  for	  AOD	  downwind;	  	  
Lack	  colocated	  PM	  and	  AOD	  observaDons	  for	  stronger	  conclusion	  on	  emissions.	  	  	  

SensiDvity	  to	  diurnal	  cycle	  and	  
injecDon	  height	  for	  fire	  episode	  in	  
the	  Balkans	  
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(G.Rea	  et	  al.,	  submiled,	  2015)	  

(9km	  resoluCon)	  

•  WRF-‐CHIMERE	  simulaDon	  
•  APIFLAME	  fire	  emissions	  	  
•  Australian	  emission	  factors	  

(derived	  from	  field	  measurements)	  	  

 Modeling the impact of fires:  
 case of the NSW Australian fires in October 2013 
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 Modeling the impact of fires:  
 case of the NSW Australian fires in October 2013 

(G.Rea	  et	  al.,	  submiled,	  2015)	  

Air	  quality	  threshold	  exceedances	  (PM10	  >	  50	  μg/m3)	  

ObservaTons	  
CHIMERE	  daily	  mean	  
CHIMERE	  diurnal	  

Chullora	  (151°E,	  33.9°S)	  

Day	  of	  October	  2013	  

Day	  of	  October	  2013	  

NSW	  air	  quality	  network	  

In	  this	  case,	  emissions’	  diurnal	  
cycle	  is	  essenDal	  to	  capture	  
surface	  PM,	  and	  exceedances.	  
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 Hemispheric impact of boreal fires 

Inflow	  of	  polluDon	  in	  Europe	  
from	  boreal	  wildfires	  	  
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 Multi-model analysis of composition in the Arctic     
     (POLMIP Experiment) 

(Emmons	  et	  al.,	  ACP,	  2015)	  

•  Global	  models	  intercomparison	  	  
•  EvaluaDon	  of	  transport	  towards	  the	  ArcDc	  
•  2008:	  internaDonal	  campaigns	  (ARCTAS,	  YAK,	  

POLARCAT)	  
•  Several	  fire	  plumes	  sampled	  by	  aircrais	  	  
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Monks	  et	  al.,	  ACP,	  2015	  
Arnold	  et	  al.,	  ACP,	  2015	  

06:00UT,	  7	  July	  2008	  

 Multi-model analysis of composition in the Arctic     
     (POLMIP Experiment) 
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Transport	  of	  fixed	  lifeDme	  tracers	  =	  25	  days	  

•  Strong	  influence	  of	  fires	  in	  spring	  and	  summer;	  Good	  consistency	  btw	  models;	  	  
•  BUT	  results	  very	  different	  if	  lifeDme	  controlled	  by	  reacDvity	  with	  OH	  (real	  life)…	  

	  =>	  different	  chemical	  evoluDon	  btw	  models	  	  	   Monks	  et	  al.,	  ACPD	  

 Multi-model analysis of composition in the Arctic     
     (POLMIP Experiment) 
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 Multi-model analysis of composition in the Arctic     
     (POLMIP Experiment) 

•  Strong	  ozone	  producDon	  in	  plumes	  transported	  towards	  the	  ArcDc	  	  
•  ì	  during	  transport	  	  
•  Strong	  sensiDvity	  to	  PAN;	  themselves	  dependent	  on	  verDcal	  transport	  simulated	  by	  models	  

Measurements	  
Plumes	  >	  5	  days	  

POLMIP	  models	  	  
Long	  range	  transport	  
Fresh	  plumes	  

Arnold	  et	  al.,	  
	  ACP,	  2015	  

Ozone	  producDon	  wrt	  CO	  within	  fire	  plumes	  

Measurements	  
Plumes	  <	  5	  days	  
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LMDZORINCA	  	  
•  Daily	  fire	  emissions	  from	  POLMIP	  	  
•  ResoluDon	  96x96,	  3.75°x1.9°,	  39	  

verDcal	  levels	  
•  Driven	  by	  ECMWF	  reanalyses	  

(6hrs)	  

PyroconvecDon	  implementaDon	  (Rio	  et	  al.,	  2010)	  
•  Surface	  forcing	  ==>	  fire	  characterisDcs	  :	  	  

	  Fire	  power	  /	  hea�lux	  (MODIS	  FRP	  in	  W/m2),	  	  
	  	  	  	  	  	  	  	  burned	  area	  (AB),	  number	  of	  fires	  within	  grid	  cell	  	  
•  ~	  10%	  of	  fire	  energy	  detected	  from	  space	  	  
•  ~	  50%	  available	  for	  convecDon	  	  
	  

P(i, j) = n10 FRPmean (i, j)
2 ABmean (i, j)

 Global modeling including pyroconvection 
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•  Improves	  correlaDons	  (NP3,	  YAK)	  
•  Biais	  also	  oien	  increases…	  

Siberian	  fire	  (11/07;	  YAK)	  

Comparison	  to	  aircrac	  observaTons	  for	  2008	  

 Evaluating pyroconvection: impact on plume modeling  

Example:	  DC8	  flight	  above	  Canadian	  fires	  
Obs	  
Model	  with	  
emissions	  at	  
surface	  
Model	  with	  
pyroconvecDon	  
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LONG RANGE TRANSPORT FROM BOREAL FIRES  
EXAMPLE OF THE 2013 FIRE SEASON 
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July	  2013	  
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LONG RANGE TRANSPORT FROM BOREAL FIRES  
EXAMPLE OF THE 2013 FIRE SEASON 

W.	  US	  
Daily	  emissions	  of	  CO	  (106	  kg)	  
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LONG RANGE TRANSPORT FROM BOREAL FIRES  
EXAMPLE OF THE 2013 FIRE SEASON 

Above	  AtlanDc:	  

Fresh	  plume	  
Older	  plume	  

Above	  Europe:	  
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 Adapting APIFLAME fire emissions for boreal regions  
      Ongoing work! 

Intense	  wildfires	  in	  boreal	  regions	  can	  burn	  a	  significant	  fracDon	  of	  the	  ground	  organic	  layer	  
⇒ EsDmate	  emissions	  from	  the	  burning	  of	  both	  above-‐ground	  and	  ground	  fuels.	  	  
•  Use	  CLASS-‐CTEM	  model	  simulaDons	  outputs	  (Teufel	  et	  al.,	  UQAM);	  	  
•  For	  above	  ground	  burning:	  burned	  fracDon	  depending	  on	  soil	  moisture	  	  
•  1st	  test:	  assume	  medium	  severity	  burning	  (Soja	  et	  al.,	  2004):	  2cm	  depth	  for	  forests,	  5cm	  for	  peatlands	  
	  
EsDmates	  for	  August:	  
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 Conclusions 

•  Strong	  impact	  on	  air	  quality	  –	  but	  sTll	  difficult	  to	  quanTfy	  and	  forecast	  	  

•  Fires	  in	  Europe	  are	  lower	  than	  in	  the	  tropics	  or	  boreal	  regions	  but	  sDll	  have	  significant	  
impact	  on	  regional	  polluDon	  budgets	  during	  intense	  episodes	  	  

	  
•  Boreal	  fires	  impact	  atmospheric	  composiDon	  at	  local	  to	  hemispheric	  scales;	  with	  strong	  

impact	  in	  the	  ArcDc	  	  

•  Large	  uncertainDes	  on	  emissions	  (>100%)	  but	  also	  on	  transport	  processes	  and	  chemical	  
evoluDon	  	  

⇒ Need	  more	  in	  situ	  observaTons	  of	  fire	  characterisTcs	  and	  plume	  composiTon	  	  

⇒ Need	  to	  merge	  scales,	  develop	  new	  parameterizaTons	  to	  improve	  regional	  modeling	  	  
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Thank	  you	  for	  your	  alenDon!	  

Territoires	  du	  Nord	  Ouest,	  28	  juin	  2014	  
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