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Mo6va6on	
  
•  Atmospheric	
  mixing	
  ra6os	
  integrate	
  ecosystem	
  exchange	
  of	
  

CO2	
  and	
  CH4	
  	
  
•  But,	
  interpreta6on	
  of	
  the	
  signal	
  requires	
  defini6on	
  of	
  the	
  

region	
  that	
  has	
  influenced	
  the	
  air	
  mass	
  and	
  	
  knowledge	
  of	
  
what	
  the	
  upwind	
  background	
  was.	
  	
  

•  By	
  explicitly	
  considering	
  the	
  influence	
  area	
  and	
  
atmospheric	
  transport	
  we	
  dis6nguish	
  the	
  contribu6ons	
  
from	
  ecosystem	
  processes	
  and	
  	
  atmospheric	
  transport	
  to	
  
observed	
  varia6on	
  in	
  mixing	
  ra6os	
  at	
  a	
  receptor	
  site.	
  By	
  
accoun6ng	
  for	
  varia6ons	
  in	
  transport	
  and	
  defining	
  a	
  
baseline	
  ecosystem	
  exchange	
  we	
  can	
  use	
  historical	
  records	
  
of	
  atmospheric	
  carbon	
  mixing	
  ra6o	
  to	
  iden6fy	
  and	
  a[ribute	
  	
  
anomalous	
  emission	
  or	
  uptake.	
  	
  Do	
  vegeta)on	
  changes	
  
lead	
  to	
  changes	
  in	
  carbon	
  exchange?	
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Science	
  Ques6ons	
  &	
  Objec6ves	
  

•  Tier	
  2	
  Science	
  Ques6ons:	
  Carbon	
  pools	
  
– Detect	
  regional	
  ecosystem	
  changes	
  by	
  
interpre6ng	
  6me	
  series	
  of	
  CO2	
  and	
  CH4	
  mixing	
  
ra6os	
  	
  	
  

•  Tier	
  2	
  Science	
  Objec6ves:	
  
– Controls	
  on	
  Carbon	
  Biogeochemistry	
  :	
  associate	
  
anomalies	
  with	
  climate	
  and	
  vegeta6on	
  	
  changes	
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Modeling	
  Approach	
  
•  Lagrangian	
  par6cle	
  dispersion	
  model	
  transport,	
  driven	
  by	
  

Polar	
  WRF	
  modeled	
  meteorology	
  
•  Input:	
  NARR	
  meteorology,	
  MODIS	
  vegeta6on	
  	
  
•  Polar	
  VPRM	
  defines	
  a	
  priori	
  es6mate	
  of	
  vegeta6on	
  func6onal	
  

response	
  to	
  temperature,	
  light,	
  snowcover,	
  and	
  spa)al	
  
pa;erns	
  –	
  separately	
  for	
  major	
  vegeta6on	
  types.	
  Adaptable	
  
to	
  any	
  gridded	
  flux	
  field.	
  

•  Inverse	
  analysis	
  to	
  derive	
  op6mized	
  parameters	
  that	
  
represent	
  a	
  mean	
  state	
  for	
  land-­‐surface	
  exchange	
  

•  Mixing	
  ra6o	
  anomalies	
  iden6fy	
  6mes/regions	
  that	
  differ	
  from	
  
the	
  mean	
  response	
  

•  LPDM	
  applied	
  in	
  forward	
  mode	
  to	
  ecosystem	
  model	
  output	
  
allows	
  receptor	
  mixing	
  ra6os	
  to	
  be	
  used	
  as	
  an	
  integral	
  
constraint	
  to	
  challenge	
  models.	
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Climate	
  data 

Surface	
  Reflectance:	
  MODIS 

LSWI EVI 

Tower	
  Data 

Validation & 

Optimization 

GEE	
  =	
  (λ	
  x	
  Tsc	
  x	
  Wsc	
  x	
  Psc)	
  x	
  FAPAR	
  x	
  PAR	
  /	
  (	
  1	
  +	
  PAR/PARo)	
  	
  

Respira6on	
  =	
  α	
  x	
  Tair	
  +	
  β	
  

NEE	
  =	
  -­‐GEE	
  +	
  R	
  

"VPRM"	
  
Pathmathevan	
  et	
  al.	
  2007	
  

P-­‐VPRM:	
  	
  )me/space	
  resolved	
  CO2	
  
emission	
  prior	
  based	
  on	
  eddy	
  flux	
  
and	
  remote	
  sensing	
  
Mahadevan	
  (2008);	
  Luus,	
  Lin	
  2013-­‐15	
  

Snowcover	
  

Soil	
  temperature	
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Data	
  Sources	
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Geospa6al	
  Data	
  Products	
  
•  Outputs	
  

–  Meteorological	
  fields	
  
–  Transport	
  footprints	
  
–  Op6mized	
  flux	
  fields	
  constrained	
  by	
  atmospheric	
  mixing	
  ra6o	
  data	
  and	
  

vegeta6on	
  remote	
  sensing	
  	
  
–  Iden6fica6on	
  of	
  significant	
  anomalies	
  in	
  ecosystem	
  func6on	
  

•  Focus	
  on	
  north	
  slope	
  with	
  addi6onal	
  analysis	
  of	
  	
  interior	
  
Alaska	
  where	
  data	
  allow.	
  

•  Format	
  and	
  gridding	
  adaptable	
  to	
  needs	
  
•  Primarily	
  2000-­‐present	
  (MODIS	
  availability)	
  
•  Tool	
  for	
  project	
  synthesis	
  and	
  integra6on,	
  model	
  evalua6on	
  

7	
  



above.nasa.gov	
  	
  @NASA_ABoVE	
  

Receptor	
  mixing	
  ra6o	
  =	
  Influence	
  x	
  Flux	
  +	
  Background	
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0	
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-­‐4	
  

-­‐6	
  

Polar	
  VPRM	
  NEE	
  –	
  July	
  2013	
  (µmole	
  m-­‐2s-­‐1)	
  

ppm/(µmole	
  m-­‐2s-­‐1)	
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Example	
  results:	
  
Barrow	
  data	
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Example	
  results:	
  Barrow	
  data	
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ΔCO2	
  =Obs	
  -­‐	
  background	
  

CO2	
  efflux	
  magnitude	
  not	
  accounted	
  by	
  a	
  piori	
  PVPRM	
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Example	
  results:	
  Barrow	
  
data	
  

11	
  

Increasing fall respiration  
Mean	
  autumn	
  excess	
  CO2	
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Example	
  results:	
  Carve	
  Tower	
  

Highly	
  promising	
  results,	
  
Demonstrates	
  a	
  poten6al	
  to	
  evaluate	
  ecosystem	
  models	
  at	
  an	
  appropriate	
  regional	
  
scale	
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Take-­‐home	
  points	
  
•  Shoulder	
  seasons	
  are	
  highly	
  sensi6ve	
  to	
  
environmental	
  change	
  and	
  they	
  can	
  dominate	
  
annual	
  budgets	
  

•  EVI-­‐based	
  algorithm	
  predicts	
  too	
  much	
  spring	
  
uptake:	
  
–  	
  airborne	
  observa6ons	
  	
  and	
  flux	
  tower	
  (if	
  year-­‐round)	
  
quan6fy	
  correc6on	
  

•  Autumn	
  respira6on	
  evident	
  at	
  mul6ple	
  sites	
  
•  Atmospheric	
  observa6ons,	
  carefully	
  sited,	
  DO	
  
provide	
  a	
  useful	
  integral	
  constraint	
  for	
  regional	
  
carbon	
  budget.	
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