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QuesJon:	
  Where	
  are	
  the	
  boundary	
  layer	
  sources	
  
for	
  air	
  sampled	
  at	
  200	
  mb?	
  

This	
  will	
  help	
  us	
  understand:	
  
–  The	
  chemical	
  composiJons	
  sampled	
  during	
  the	
  flights	
  
–  The	
  mechanisms	
  that	
  transport	
  air	
  from	
  the	
  PBL	
  to	
  200	
  mb	
  

To	
  address	
  this	
  quesJon,	
  we	
  perform	
  transport	
  
calculaJons	
  



QuesJon:	
  How	
  do	
  we	
  know	
  our	
  transport	
  
calculaJons	
  are	
  any	
  good?	
  

Transport	
  calculaJons	
  suffer	
  many	
  sources	
  of	
  uncertainty	
  
–  They	
  require	
  winds	
  at	
  much	
  finer	
  spaJal	
  and	
  temporal	
  
resoluJon	
  than	
  observaJonal	
  data	
  provides	
  

–  They	
  compensate	
  by	
  uJlizing	
  GCMs	
  (explicitly	
  or	
  in	
  analyzed	
  
fields)	
  
•  OperaJonal	
  analysis	
  
•  Reanalysis	
  

We	
  perform	
  3	
  different	
  calculaJons	
  of	
  boundary	
  layer	
  
sources	
  for	
  air	
  at	
  ~200	
  mb	
  

Search	
  for	
  consistency	
  among	
  the	
  calculaJons	
  



CalculaJon	
  1:	
  	
  
Back	
  trajectories	
  from	
  200	
  mb	
  to	
  PBL	
  

	
  
•  Compute	
  back	
  trajectories	
  iniJated	
  during	
  Feb	
  2011	
  
•  Match	
  PBL	
  source	
  regions	
  to	
  200	
  mb	
  measurement	
  locaJons	
  
•  Use	
  winds	
  from	
  ECMWF	
  operaJonal	
  analysis	
  

–  Trajectories	
  iniJated	
  every	
  6	
  hr	
  and	
  1°	
  x	
  1°	
  from	
  200	
  mb	
  
–  Track	
  parcels	
  unJl	
  they	
  enter	
  the	
  PBL	
  (σ	
  =	
  0.85)	
  
–  KinemaJc	
  trajectories	
  
–  	
  ECMWF	
  operaJonal	
  analysis	
  has	
  1/8°	
  resoluJon	
  



Air	
  in	
  different	
  locaJons	
  of	
  the	
  CONTRAST	
  domain	
  are	
  
associated	
  with	
  different	
  source	
  regions	
  

NW	
  Pacific	
  

SW	
  Pacific	
  

Indonesian	
  
Seas	
  

New air ATTREX01: P-200 ECMWF

Maximum value  25.4%
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BL sources ATTREX01: P-200 ECMWF
Maximum value:  0.236 encounters per degree^2 per 1000
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BL sources ATTREX01: P-200 ECMWF
Maximum value:  0.293 encounters per degree^2 per 1000
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New air ATTREX01: P-200 ECMWF

Maximum value  48.9%
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BL sources ATTREX01: P-200 ECMWF
Maximum value:  0.228 encounters per degree^2 per 1000
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New air ATTREX01: P-200 ECMWF

Maximum value  34.9%
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Indian	
  Ocean	
  

Australia	
  

MariJme	
  
ConJnent	
  

BL sources ATTREX01: P-200 ECMWF
Maximum value:  0.147 encounters per degree^2 per 1000
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New air ATTREX01: P-200 ECMWF

Maximum value  23.5%
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BL sources ATTREX01: P-200 ECMWF
Maximum value:  0.240 encounters per degree^2 per 1000
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New air ATTREX01: P-200 ECMWF

Maximum value  25.7%
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BL sources ATTREX01: P-200 ECMWF
Maximum value:  0.406 encounters per degree^2 per 1000
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New air ATTREX01: P-200 ECMWF

Maximum value  28.2%

90 E 105 E 120 E 135 E 150 E 165 E 180 E 195 E 210 E 225 E

         

30 S

15 S

EQ

15 N

30 N

 

 

 

 

 

0.0 0.2 0.4 0.6 0.8 1.00.0

0.2

0.4

0.6

0.8

1.0

  0.2

  0.3

  0.4

  0.6

  0.7

  0.8

  0.9



CalculaJon	
  2:	
  SD-­‐CAM	
  experiments	
  
(Compare	
  with	
  calculaJon	
  1)	
  

	
  

•  Atmospheric	
  GCM	
  with	
  relaxaJon	
  to	
  operaJonal	
  
analysis	
  (GEOS-­‐5)	
  

•  Release	
  tracers	
  near	
  the	
  surface	
  
–  Tag	
  tracers	
  from	
  6	
  regions	
  
–  Tag	
  tracers	
  for	
  each	
  day	
  Jan-­‐Feb	
  2011	
  

•  Examine	
  distribuJons	
  of	
  tracers	
  younger	
  than	
  30d	
  at	
  
200	
  mb	
  during	
  Feb	
  
–  Analogous	
  to	
  CalculaJon	
  1	
  –	
  with	
  subtle	
  complicaJons	
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Max value =    4.665e+04
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Max value =    5.776e+04
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There	
  are	
  important	
  similariJes	
  between	
  results	
  from	
  ECMWF	
  
trajectories	
  and	
  SD-­‐CAM	
  

NW	
  Pacific	
  

SW	
  Pacific	
  

Indonesian	
  
Seas	
  

ECMWF	
  trajectories	
   SD-­‐CAM	
  Tracers	
  
New air ATTREX01: P-200 ECMWF

Maximum value  25.4%
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New air ATTREX01: P-200 ECMWF

Maximum value  48.9%
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New air ATTREX01: P-200 ECMWF

Maximum value  34.9%
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Max value =    5.530e+04
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Max value =    2.194e+04
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Max value =    3.591e+04
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Indian	
  Ocean	
  

Australia	
  

MariJme	
  
ConJnent	
  

ECMWF	
  trajectories	
   SD-­‐CAM	
  Tracers	
  New air ATTREX01: P-200 ECMWF

Maximum value  23.5%
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New air ATTREX01: P-200 ECMWF

Maximum value  25.7%
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New air ATTREX01: P-200 ECMWF

Maximum value  28.2%
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CalculaJon	
  3:	
  MLS	
  simulaJons	
  

•  30	
  back	
  trajectories	
  iniJated	
  from	
  Aura	
  MLS	
  observaJons	
  
–  Jan-­‐Feb	
  2007-­‐13	
  
–  Parcel	
  iniJated	
  from	
  all	
  2°	
  x	
  2°	
  x	
  6	
  hr	
  
–  VerJcal	
  spread	
  20	
  parcels	
  in	
  the	
  alJtude	
  range	
  15.2-­‐17.0	
  km	
  (100-­‐125	
  mb)	
  
–  Use	
  kinemaJc	
  trajectories	
  using	
  winds	
  from	
  MERRA	
  and	
  GFS	
  operaJonal	
  

analysis	
  
•  Examine	
  BL	
  source	
  regions	
  for	
  high-­‐low	
  O3,	
  CO	
  

–  High	
  O3	
  v	
  Low	
  O3	
  
•  Stratospheric	
  v	
  Tropospheric	
  sources	
  
•  Polluted	
  v	
  PrisJne	
  sources	
  

–  Low	
  CO	
  v	
  High	
  CO	
  
•  Stratospheric	
  v	
  Tropospheric	
  sources	
  
•  PrisJne	
  v	
  Polluted	
  sources	
  

•  A	
  reality	
  check	
  –	
  Do	
  the	
  results	
  agree	
  with	
  our	
  concepJons?	
  



For	
  reference:	
  BL	
  sources	
  for	
  all	
  trajectories	
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Fraction of filtered trajectories with BL sources: All MLS trajectories

 Max value =    7.053e-01

 Min value =    7.439e-02
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GFS	
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BL sources for filtered trajectories: All MLS trajectories MERKIN

 Max value =    1.311e+00

 Min value =    0.000e+00
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BL sources for filtered trajectories: All MLS trajectories GFS

 Max value =    1.264e+00

 Min value =    0.000e+00
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ConcentraJons	
  of	
  new	
  air	
  

Boundary	
  layer	
  sources	
  



ConsJtuent	
  concentraJons	
  at	
  100	
  mb	
  (MLS	
  data)	
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Fraction of trajectories filtered: O3 > 300 pbbv

 Max value =    7.526e-01

 Min value =    0.000e+00
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Fraction of trajectories filtered: CO > 70 pbbv

 Max value =    3.327e-01

 Min value =    0.000e+00
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Fraction of trajectories filtered: O3 < 100 pbbv

 Max value =    9.729e-02

 Min value =    0.000e+00
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Fraction of trajectories filtered: CO < 40 pbbv

 Max value =    4.804e-01

 Min value =    0.000e+00
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High	
  O3	
  (>	
  300	
  ppbv)	
  

Low	
  O3	
  (<	
  100	
  ppbv)	
  

Low	
  CO	
  (<	
  40	
  ppbv)	
  

High	
  CO	
  (>	
  70	
  ppbv)	
  

Indian	
  Ocean	
  /	
  Mari3me	
  con3nent	
  sources?	
  
Or	
  simply	
  stratospheric	
  air	
  

Northwest	
  Pacific	
  sources?	
  



Source	
  regions	
  for	
  filtered	
  trajectories	
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BL sources: Low O3 (< 100 ppbv) minus Hi O3 (> 300 ppbv) MERKIN

 Max value =    1.087e+00
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BL sources: High CO (> 70 ppbv) minus Low CO (< 40 ppbv) MERKIN

 Max value =    1.243e+00

 Min value =   -1.200e+00

  30   65  100  135  170  205  240

       

 -40  

 -20  

   0  

  20  

  40  

 

 

 

 

 

0.0 0.2 0.4 0.6 0.8 1.00.0

0.2

0.4

0.6

0.8

1.0

 0.13

 0.26

 0.39

 0.51

 0.64

 0.77

 0.90

65 100 135 170 -155

65 100 135 170 -155

-20
0

20

-20
0

20

BL sources: Low O3 (< 100 ppbv) minus Hi O3 (> 300 ppbv) GFS

 Max value =    1.134e+00

 Min value =   -5.559e-01
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Conclusions	
  

SpaJal	
  panerns	
  of	
  regionally-­‐source	
  air	
  from	
  CAM-­‐SD	
  are	
  consistent	
  
trajectories	
  from	
  ECMWF	
  at	
  200	
  mb	
  

	
  
Apparent	
  consistency	
  with	
  100	
  mb	
  concentraJons	
  of	
  O3	
  and	
  CO	
  

	
  
QualitaJve	
  results	
  are	
  promising	
  

e.g.,	
  Where	
  to	
  go	
  to	
  sample	
  W.	
  Pacific	
  air	
  

QuanJtaJve	
  results	
  are	
  quesJonable	
  
e.g.,	
  How	
  much	
  of	
  the	
  air	
  being	
  sampled	
  is	
  from	
  the	
  W.	
  Pacific	
  

Take	
  home	
  message	
  


