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We	   used	   Posi*ve	   Matrix	   Factoriza*on	   (PMF)	   to	   iden*fy	   the	   major	   species	   source	   contribu*ons	   to	   PM2.5	  
concentra*ons	   in	  Big	  Bend	  Na*onal	  Park,	  Texas	  (BIBE)	  between	  2011	  –	  2014	  from	  daily	  average	  concentra*ons	  of	  
speciated	   aerosol	   components	   from	   the	   IMPROVE	   monitoring	   network.	   We	   also	   inves*gated	   the	   feasibility	   of	  
including	  relevant	  seasonal	  and	  meteorological	  variables	  into	  the	  PMF	  aerosol	  source	  appor*onment	  analysis.	  	  
PMF	  is	  a	  sta*s*cal	  method	  that	  iden*fies	  a	  user	  specified	  number	  of	  source	  factor	  profiles,	  comprised	  of	  the	  rela*ve	  
composi*on	  of	  a	  par*cle	  species	  for	  each	  source	  and	  source	  strengths,	  for	  each	  receptor	  sample	  period.	  The	  source	  
factor	   percent	   contribu*ons	   for	   the	   2011	   –	   2014	   period	  were	   compared	   to	   corresponding	  metrics	   for	   a	   previous	  
study	  conducted	  by	   the	  Causes	  of	  Haze	  Assessment	   (COHA)	  program	   [Green,	  2006]	   	  during	   the	  2000	  –	  2004	  *me	  
frame.	   	   In	   addi*on,	   the	   Stochas*c	   Time	   Inverted	   Transport	   (STILT)	  model	   [Lin	   et	   al.,	   2003]	  was	  used	   to	   calculate	  
surface	  footprints	  that	  indicate	  the	  geographical	  source	  regions	  associated	  with	  the	  source	  factors	  iden*fied	  by	  PMF.	  
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Summary	  
1. The	   major	   contribu*ng	   factors	   to	   the	   PM2.5	   concentra*ons	   in	   BIBE	   during	   2011	   –	   2014	   were	   secondary	   sulfate	  
pollu*on,	  dust,	  and	  biomass	  burning	  smoke.	  	  

2. The	  propor*onal	  contribu*on	  of	  sulfate	  pollu*on	  decreased	  substan*ally	  compared	  to	  the	  COHA	  analysis	  of	  2000	  –	  
2004.	  	  

3. The	  Expanded	  Parametric	  Model	   is	  a	  reasonable	  way	  to	  add	  addi*onal	  meteorological	  and	  other	  data	  such	  as	  wind	  
speed,	  wind	  direc*on,	  season,	  and	  day	  of	  week	  but	  provided	  li_le	  addi*onal	  informa*on.	  

4. The	  STILT	  footprint	  analysis	  indicated	  that	  the	  strongest	  source	  region	  for	  all	  factors	  was	  from	  south	  and	  west	  of	  BIBE	  
in	  north	  central	  Mexico.	  	  

Factor	  1	  is	  smoke	  from	  biomass	  burning	  (“Smoke’).	  

Factor	  2	  is	  iden*fied	  as	  heavy	  metal	  dust	  with	  arsenic	  and	  lead	  
from	  biomass	  burning	  (“Dust	  (As,	  Pb)”).	  	  

Factor	  3	  is	  iden*fied	  as	  secondary	  sulfate	  pollu*on	  (“Sulfate”).	  	  

Factor	  4	  is	  a	  mixture	  of	  sea	  salt	  and	  nitrate	  (“Sea	  salt	  /	  Nitrate”).	  

Factor	  5	  is	  iden*fied	  as	  a	  mineral	  dust	  (“Dust	  (Ca,	  Fe,	  Si)”).  

Factor	  6	  is	  iden*fied	  as	  secondary	  nitrate	  pollu*on	  (“Nitrate”).	  
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Time	  series	  of	  factor	  contribu*ons	  in	  µg/m3	  to	  PM2.5	  
measured	  concentra*ons	  at	  BIBE	  during	  2011	  –	  2014.	  

Dust	  (Ca,	  Fe,	  Si) 
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COHA	  2000	  -‐	  2004 

The	   Pie	   charts	   show	   factor	  
contr ibu*ons	   to	   the	   PM2.5	  
concentra*ons	   for	   2011	   –	   2014	  	  
and	   COHA	   PMF	   runs	   for	   2000	   –	  
2004	   from	   Green	   [2006].	   	   The	  
charts	  to	  the	  right	  are	  segregated	  
by	  the	  days	  with	  the	  highest	  (top)	  
and	   lowest	   (bo_om)	   20	   %	   of	  
PM2.5	  concentra*ons.	  	  	  
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Expanded	  Parametric	  Model	  

Footprints	  as	  ln(ppmv/µmol/m2/s)	  for	  January	  15,	  
2011,	  a	  day	  with	  a	  rela*vely	  high	  sulfate	  source	  
contribu*on	  factor.	  	  

Footprints	  for	  June	  2,	  2011,	  a	  day	  with	  a	  rela*vely	  
low	  sulfate	  factor	  but	  with	  a	  moderately	  high	  
smoke	  factor.	  	  

Footprints	  for	  August	  28,	  2011,	  a	  day	  with	  a	  
high	  sulfate	  factor	  and	  moderate	  smoke	  factor	  	  

Average	  2011	  –	  2014	  footprints	  
for	  all	  the	  days	  with	  greatest	  20%	  
PM2.5	  concentra*ons	  (leg)	  and	  
lowest	  20%	  PM2.5	  concentra*ons	  
(right)	  measured	  in	  BIBE.	  

The	  wind	   direc*on	   correc*on	   factors	   for	   the	   7-‐factor	   extended	  
parametric	   model	   fit.	   A	   value	   above	   1	   means	   that	   the	   factor	   is	  
enhanced	  when	  the	  wind	  is	  blowing	  from	  the	  given	  direc*on.	  	  

The	   	  wind	  speed	  correc*on	  factors	  for	  the	  7-‐factor	  extended	  parametric	  
model	  fit.	  A	  value	  above	  1	  means	  that	  the	  factor	   is	  enhanced	  when	  the	  
wind	  is	  blowing	  at	  the	  given	  speed.	  	  

The	   seasonal	   correc*on	   factors	   for	   the	   7-‐factor	   extended	  
parametric	  model	  fit.	  A	  value	  above	  1	  means	  that	  the	  factor	  is	  
enhanced	  during	  that	  two-‐month	  period.	  	  

Footprint	  Analysis	  

The	  Expanded	  Parametric	  Model	  [Paatero	  and	  Hopke,	  2002,	  Paatero,	  2009]	  is	  a	  method	  to	  incorporate	  meteorological	  
and	  other	  variables	  directly	  into	  the	  PMF	  analysis.	   	   	  In	  this	  analysis	  wind	  speed,	  wind	  direc*on,	  day	  of	  the	  week	  and	  
season	  were	  incorporated	  into	  a	  7-‐factor	  PMF	  analysis.	  	  	  	  

We	  iden*fied	  six	  factors,	  consistent	  with	  the	  COHA	  analysis.	  The	  source	  factor	  profiles	  are	  below.	  Blue	  bars	  show	  the	  normalized	  
concentra*on	  of	  each	  species	  (µg/m3)	  in	  the	  factor,	  while	  the	  red	  dots	  show	  the	  percentage	  of	  that	  species	  in	  the	  factor.	  

The	   weekend	   correc*on	   factors	   for	   the	   7-‐factor	   extended	   parametric	  
model	  fit.	  A	  value	  above	  1	  means	  that	  the	  factor	  is	  enhanced.	  	  	  

STILT	  10-‐day	  footprints	  were	  calculated	  using	  the	  32	  km	  North	  American	  Regional	  Reanalysis	  (NARR)	  for	  receptors	  at	  
BIBE.	   The	   footprint	   represents	   the	   influence	   of	   upwind	   surface	   fluxes	   on	   concentra*ons	  measured	   at	   a	   receptor.	  
Examining	  footprints	  can	  provide	  a	  be_er	  understanding	  of	  the	  transport	  pa_erns	  influencing	  PM2.5	  at	  BIBE.	  	  
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