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Introduc%on	
  

One	
  measure	
  of	
  the	
  efficacy	
  of	
  an	
  air	
  polluIon	
  control	
  opIon	
  is	
  the	
  marginal	
  benefit	
  
(MB)	
  or	
  benefit-­‐per-­‐ton	
  (BPT)	
  associated	
  with	
  the	
  opIon,	
  or	
  the	
  moneIzed	
  societal	
  
benefits	
  of	
  reducing	
  one	
  metric	
  ton	
  of	
  emissions	
  through	
  its	
  implementaIon.	
  BPTs	
  
depend	
  heavily	
  on	
  the	
  locaIon	
  of	
  release;	
  however,	
  esImaIon	
  of	
  the	
  locaIon-­‐specific	
  
impact	
  is	
  difficult,	
  in	
  part,	
  due	
  to	
  the	
  complex	
  nature	
  of	
  atmospheric	
  processes	
  that	
  
govern	
  source-­‐receptor	
  relaIonships.	
  As	
  an	
  alternaIve	
  to	
  relying	
  on	
  simplified	
  and	
  
reduced	
  complexity	
  models	
  1-­‐3	
  to	
  esImate	
  locaIon	
  specific	
  BPTs,	
  we	
  propose	
  to	
  use	
  a	
  
mulIphase	
  adjoint	
  model	
  that	
  accounts	
  for	
  all	
  atmospheric	
  processes	
  in	
  calculaIon	
  of	
  
these	
  BPTs	
  for	
  transportaIon	
  and	
  other	
  major	
  sectors	
  in	
  the	
  U.S.	
  and	
  Canada.	
  

Objec%ves	
  
•  Create	
  a	
  database	
  of	
  locaIon-­‐specific	
  BPTs	
  for	
  transportaIon	
  and	
  other	
  select	
  sectors	
  

in	
  the	
  U.S.	
  and	
  Canada,	
  	
  
•  QuanIfy	
  the	
  uncertainty	
  in	
  esImated	
  BPTs,	
  	
  
•  Examine	
  the	
  sensiIvity	
  to	
  various	
  assumpIons	
  made	
  in	
  esImaIon	
  of	
  BPTs,	
  	
  
•  Develop	
  an	
  associated	
  database	
  of	
  health	
  co-­‐benefits	
  from	
  reducing	
  combusIon-­‐

based	
  CO2,	
  and	
  
•  Present	
  per-­‐vehicle	
  MBs	
  for	
  various	
  vehicle	
  types	
  and	
  vintages.	
  	
  

Approach	
  
BPT	
  es%ma%ons:	
  The	
  adjoint	
  of	
  the	
  U.S.	
  EPA’s	
  Community	
  MulIscale	
  Air	
  Quality	
  
(CMAQ)	
  model	
  is	
  used	
  to	
  aFribute	
  the	
  valuated	
  societal	
  damage	
  of	
  emiFed	
  
species	
  to	
  sources	
  at	
  various	
  locaIons	
  and	
  from	
  different	
  sectors	
  4-­‐5.	
  BPTs	
  are	
  
esImated	
  for	
  mortality	
  due	
  to	
  long-­‐term	
  exposure	
  to	
  PM2.5,	
  O3	
  (and	
  NO2	
  in	
  
Canada)	
  at	
  12	
  km	
  resoluIon	
  for	
  the	
  year	
  2014.	
  
	
  
BPT	
  uncertain%es:	
  LocaIon-­‐specific	
  uncertainIes	
  will	
  be	
  quanIfied,	
  accounIng	
  
for	
  uncertainIes	
  in	
  CMAQ	
  and	
  adjoint	
  model	
  simulaIons,	
  epidemiologic	
  effect	
  
esImates,	
  and	
  valuaIon.	
  
	
  
Co-­‐benefit	
  es%mates:	
  BPT	
  esImates	
  will	
  be	
  linked	
  to	
  sector-­‐specific	
  emission	
  
profiles	
  of	
  criteria	
  and	
  CO2	
  emission	
  profiles	
  to	
  produce	
  locaIon-­‐specific	
  BPTs.	
  

Sensi%vity	
  analyses:	
  SensiIvity	
  of	
  the	
  esImated	
  BPTs	
  will	
  be	
  examined	
  with	
  
respect	
  to	
  the	
  following	
  choices	
  and	
  assumpIons:	
  
•  The	
  choice	
  of	
  epidemiological	
  model,	
  using	
  concentraIon	
  response	
  funcIons	
  

(CRFs)	
  from	
  different	
  cohorts	
  and	
  of	
  various	
  forms.	
  
•  Resolu2on,	
  by	
  esImaIng	
  4-­‐km	
  and	
  1-­‐km	
  BPTs	
  for	
  NY	
  City	
  and	
  Los	
  Angeles.	
  
•  The	
  choice	
  of	
  episodes,	
  by	
  conducIng	
  year-­‐long	
  BPT	
  simulaIons	
  at	
  a	
  coarser	
  

resoluIon	
  (36	
  km).	
  
•  Emission	
  inventory	
  level,	
  by	
  esImaIng	
  BPTs	
  for	
  addiIonal	
  years	
  of	
  2004	
  and	
  

2024	
  (projected).	
  

Per-­‐vehicle	
  damage:	
  BPTs	
  will	
  be	
  combined	
  with	
  detailed	
  fleet	
  and	
  emission	
  data	
  
to	
  produce	
  vintage	
  and	
  locaIon-­‐specific	
  per-­‐vehicle	
  damage	
  esImates.	
  

Preliminary	
  Results	
  
Episode	
  selec%on:	
  Due	
  to	
  the	
  high	
  computaIonal	
  cost	
  of	
  
adjoint	
  modeling,	
  conducIng	
  year-­‐long	
  simulaIons	
  is	
  not	
  
feasible.	
  Instead	
  seasonal	
  BPTs	
  are	
  esImated	
  for	
  two-­‐week	
  
episodes	
  that	
  are	
  deemed	
  representaIve	
  of	
  the	
  season.	
  We	
  
conduct	
  a	
  seasonal	
  anomaly	
  analysis	
  of	
  PM2.5	
  and	
  
meteorological	
  parameters	
  to	
  choose	
  these	
  episodes.	
  The	
  
uncertainIes	
  associated	
  with	
  the	
  episode	
  selecIon	
  are	
  further	
  
examined	
  as	
  a	
  sensiIvity	
  analysis.	
  

Figure	
  1:	
  Anomaly	
  analysis	
  of	
  Winter	
  and	
  Summer	
  Seasons.	
  The	
  analysis	
  is	
  based	
  on	
  deviaIon	
  of	
  2-­‐week	
  moving	
  
averages	
  from	
  seasonal	
  averages	
  in	
  the	
  form	
  of	
  anomaly	
  (difference)	
  and	
  root	
  mean	
  square	
  deviaIon	
  (RMSD).	
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Figure	
  2:	
  Preliminary	
  BPT	
  esImates	
  due	
  to	
  chronic	
  exposure	
  to	
  PM2.5,	
  based	
  on	
  a	
  week-­‐long	
  simulaIon	
  at	
  a	
  36	
  km	
  resoluIon	
  in	
  April	
  2008.	
  PM2.5	
  effect	
  esImates	
  are	
  based	
  ACS	
  reanalysis	
  6.	
  
BPT	
  esImates	
  represent	
  valuated	
  societal	
  benefits	
  to	
  the	
  U.S.	
  from	
  emission	
  reducIons	
  at	
  each	
  locaIon.	
  BPTs	
  are	
  preliminary	
  and	
  are	
  only	
  shown	
  for	
  demonstraIon	
  purposes.	
  

1000$/ton	
  

Summary	
  
•  Databases	
  for	
  locaIon-­‐specific	
  BPTs,	
  CO2	
  reducIon	
  co-­‐benefits,	
  and	
  per-­‐

vehicle	
  damage	
  esImates	
  will	
  be	
  developed.	
  
•  UncertainIes	
  for	
  the	
  esImated	
  BPTs	
  will	
  be	
  quanIfied	
  and	
  their	
  robustness	
  

against	
  various	
  assumpIons	
  will	
  be	
  examined.	
  
•  SpaIal	
  specificity	
  of	
  BPT	
  esImates	
  would	
  allow	
  decision	
  makers	
  to	
  beFer	
  

differenIate	
  between	
  benefits	
  associated	
  with	
  various	
  policy	
  opIons.	
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