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Project	
  Objec'ves	
  
Project	
  Objec+ves:	
  

•  To	
  improve	
  our	
  understanding	
  of	
  the	
  linkages	
  among	
  global	
  change,	
  pollen	
  
allergens,	
  air	
  pollu'on,	
  and	
  respiratory	
  allergic	
  airway	
  disease	
  

Approach:	
  

•  Measure	
  pollen	
  and	
  pollen	
  an'gen	
  at	
  mul'ple	
  sites	
  within	
  study	
  area	
  to	
  
facilitate	
  pollen	
  model	
  development	
  and	
  valida'on	
  

•  Expand	
  MEGAN	
  (Model	
  of	
  Exchange	
  of	
  Gases	
  between	
  the	
  Atmosphere	
  
and	
  Nature)	
  to	
  include	
  primary	
  biological	
  par'cle	
  emissions	
  

•  Integrate	
  pollen	
  and	
  pollen	
  an'gen	
  sources	
  into	
  air	
  quality	
  models	
  to	
  
enable	
  pollen	
  exposure	
  es'ma'on	
  within	
  domain	
  of	
  the	
  Southern	
  
California	
  Children's	
  Health	
  Study	
  

•  Develop	
  dose	
  response	
  func'ons	
  through	
  retrospec've	
  and	
  ongoing	
  
examina'on	
  of	
  Children's	
  Health	
  Study	
  data	
  in	
  light	
  of	
  pollen	
  exposure	
  	
  
es'mates	
  

•  Evaluate	
  pollen	
  and	
  respirable	
  allergen	
  levels	
  for	
  both	
  present	
  and	
  future	
  
climate	
  condi'ons	
  

•  Es'mate	
  future	
  health	
  impacts	
  based	
  upon	
  dose	
  response	
  func'ons	
  and	
  
combined	
  air	
  pollu'on	
  and	
  pollen	
  allergen	
  exposures	
  



Source	
  of	
  Health	
  Effects	
  Data:	
  
Southern	
  California	
  Children's	
  Health	
  Study	
  	
  

•  Preliminary	
  data	
  from	
  the	
  CHS	
  suggests	
  tree	
  and	
  grass	
  pollen	
  
are	
  strongly	
  associated	
  with	
  sensi'za'on	
  and	
  new	
  onset	
  
asthma	
  and	
  rhini's	
  in	
  older	
  children	
  who	
  were	
  disease-­‐free	
  at	
  
age	
  5	
  years.	
  	
  

•  Cohort	
  of	
  >11000	
  
children	
  in	
  
southern	
  California	
  
since	
  1993	
  

•  Current	
  cohort	
  
enrolled	
  from	
  
kindergarten	
  and	
  
first	
  grade	
  
classrooms	
  in	
  2002	
  
was	
  evaluated	
  in	
  
2009-­‐2010	
  



Local (Pasadena) Pollen Data	
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Pollen Data 
•  Pollen of particular interest:  

–  Olive, Oak, Sagebrush, Grass (Timothy, Rye, Bermuda) 
and Chinese Elm 

•  CHS pollen sampling 2010 
–  Expanded measurements in CHS study communities to 

determine spatial variability 
–  7-14 days of sampling at eight communities coordinated 

with ongoing respiratory health evaluations 
–  Not all measurements available 
–  Short-term spatial distribution 
–  Not measured in Chinese Elm season (Aug-Oct) 
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Olive 
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Chinese Elm 
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Pollen Data in CHS 
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Chinese elm pollen and pollen fragments  

•  80% Relative 
Humidity leads to 
pollen fragment 
release with   

    ~ 2 - day lag 

Miguel	
  et	
  al.	
  	
  (2006)	
  
Aerosol	
  Sci.	
  Technol.	
  40:	
  	
  
690-­‐696	
  

Hot,	
  dry	
  Santa	
  Ana	
  winds	
  



2030-­‐2059s	
  vs	
  1970-­‐1999	
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Gridded,	
  
Hourly	
  

Meteorology	
  

Large-­‐scale	
  
Climate	
  or	
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Pollen	
  and	
  Respirable	
  
Allergen	
  Release	
  
Parameteriza'on	
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The	
  MEGAN	
  model	
  
•  MEGAN	
  es'mates	
  emissions	
  

of	
  non-­‐methane	
  biogenic	
  
vola'le	
  organic	
  compounds	
  
(BVOC)	
  using	
  vegeta'on	
  
species	
  distribu'on	
  and	
  
density	
  informa'on	
  	
  

•  Ɛ	
  =	
  emission	
  factor	
  

•  Ɣage	
  =	
  effect	
  of	
  leaf	
  age	
  

•  ƔCE	
  =	
  within-­‐canopy	
  
condi'ons	
  	
  

•  ƔSM	
  =	
  effect	
  of	
  soil	
  moisture	
  	
  



Urban	
  tree	
  and	
  non-­‐tree	
  vegeta'on	
  cover	
  determina'on	
  

(A)	
  Grid	
  cells	
  
represen'ng	
  pure	
  
land	
  use	
  classes	
  are	
  
randomly	
  selected	
  for	
  
characteriza'on,	
  then	
  
exported	
  to	
  Google	
  
Earth®	
  

(B)	
  The	
  Google	
  Earth®	
  images	
  are	
  
then	
  captured	
  and	
  imported	
  into	
  a	
  
digital	
  image	
  processor,	
  where	
  
individual	
  pixels	
  are	
  reclassified	
  as	
  
tree,	
  non-­‐tree	
  vegeta'on,	
  or	
  other	
  
cover	
  	
  

(C)	
  The	
  vegetated	
  frac'on	
  is	
  
es'mated	
  for	
  all	
  relevant	
  urban	
  
land	
  use	
  classes	
  in	
  the	
  domain	
  

A.	
  

B.	
   C.	
  

Sample	
  domain	
  grid	
  
superimposed	
  over	
  the	
  city	
  of	
  
Long	
  Beach,	
  CA.	
  	
  Land-­‐use	
  classes	
  
from	
  the	
  Na+onal	
  Land	
  Cover	
  
Database	
  are	
  depicted	
  in	
  the	
  
background	
  



Urban	
  tree	
  species	
  composi'on	
  determina'on	
  

•  Na'onal	
  Agricultural	
  
Sta'sts	
  Service	
  
cropland	
  data	
  

•  Forest	
  inventory	
  
Analysis	
  Data	
  

•  Municipal	
  urban	
  tree	
  
inventories	
  

–  Long	
  Beach	
  
–  Los	
  Angeles	
  



Model	
  approach	
  to	
  parameterize	
  pollen	
  release:	
  
Trees	
  and	
  perennial	
  species	
  

•  Based	
  on	
  García-­‐Mozo	
  
et.	
  al,	
  (2002)	
  

•  Temperature	
  	
  
•  Degree	
  days	
  (DD)	
  above	
  
a	
  threshold	
  
temperature	
  	
  onset	
  
of	
  pollen	
  season	
  for	
  a	
  
given	
  species	
  

To	
  be	
  developed:	
  

•  Pollen	
  poten'al	
  model	
  
–  How	
  much	
  pollen	
  is	
  
produced?	
  

•  Parameterize	
  the	
  
release	
  process	
  as	
  
affected	
  by	
  	
  
–  Precipita'on	
  (which	
  will	
  
stall	
  pollen	
  release	
  

–  Rela've	
  humidity	
  
excursions	
  

–  High	
  wind	
  events	
  (which	
  
will	
  accelerate	
  release)	
  



Model	
  approach	
  to	
  parameterize	
  pollen	
  release:	
  
Annual	
  species	
  

Species	
  distribu'ons	
  and	
  poten'al	
  
produc'vity	
  data	
  obtained	
  using	
  
Natural	
  Resources	
  Conserva'on	
  
Service	
  rangeland	
  data.	
  	
  The	
  figure	
  
on	
  the	
  leo	
  illustrates	
  one	
  NRCS	
  
polygon	
  (highlighted	
  in	
  red)	
  near	
  the	
  
example	
  domain	
  used	
  previously.	
  	
  
The	
  table	
  below	
  the	
  image	
  contains	
  
non-­‐tree	
  species	
  composi'on	
  
informa'on	
  for	
  the	
  selected	
  polygon	
  	
  

Pollen	
  release	
  from	
  annuals	
  is	
  driven	
  by	
  
precipita'on	
  &	
  temperature,	
  using	
  
observa'ons	
  taken	
  from	
  ragweed	
  as	
  
an	
  ini'al	
  model	
  species	
  

Possible	
  later	
  phases:	
  
•  Differing	
  parameteriza'ons	
  for	
  plants	
  that	
  

bloom	
  in	
  spring,	
  summer,	
  fall	
  



Poten+al	
  Simula+on	
  Setup	
  for	
  Model	
  Evalua+on	
  

Outer	
  domain:	
  36-­‐km	
  resolu'on	
  

• March	
  –	
  June,	
  2010	
  (CalNex	
  field	
  study	
  period)	
  
• Nested	
  WRF	
  simula'ons	
  at	
  36-­‐,	
  12-­‐,	
  and	
  4-­‐km	
  resolu'on	
  	
  

• Takes	
  ~	
  4	
  days	
  of	
  compute	
  'me	
  and	
  ~2	
  TB	
  of	
  disk	
  space	
  
• MCIP	
  simula'ons	
  at	
  4-­‐km	
  resolu'on	
  

• Takes	
  ~1	
  day	
  of	
  compute	
  'me	
  and	
  ~450	
  GB	
  of	
  disk	
  space	
  
• MEGAN	
  at	
  1-­‐km	
  or	
  even	
  finer	
  resolu'on,	
  but	
  sum	
  emissions	
  to	
  4-­‐km	
  grids	
  

• ~1	
  GB	
  to	
  store	
  emissions	
  at	
  4-­‐km	
  grids	
  in	
  CMAQ-­‐ready	
  format	
  
• CMAQ	
  simula'ons	
  at	
  4-­‐km	
  resolu'on	
  

• ~few	
  days	
  of	
  compute	
  'me	
  and	
  <	
  a	
  few	
  GB	
  	
  of	
  disk	
  space	
  

Global	
  NCEP	
  
GFS	
  Final	
  
Analysis	
  

Output	
  @	
  1o	
  	
  

&	
  6-­‐hourly	
  



Summary	
  
•  Develop	
  models	
  of	
  pollen	
  and	
  pollen	
  an'gen	
  
exposure	
  
– Retrospec've	
  analysis	
  to	
  determine	
  	
  

• Dose	
  response	
  func'ons	
  
• Pollen	
  poten'al	
  	
  
• Pollen	
  release	
  dynamics	
  
• Respirable	
  an'gen	
  release	
  dynamics	
  

•  Integrate	
  with	
  air	
  quality	
  models	
  
•  Model	
  exposures	
  and	
  health	
  effects	
  in	
  future	
  climate	
  
scenarios	
  

•  Leverage	
  EPA	
  support	
  


