
Making	
  Ra)onal	
  Decisions	
  About	
  Air	
  Pollu)on,	
  
Asthma	
  and	
  Urban	
  Tree	
  Plan)ng	
  



1.	
  Mo)va)on	
  

2.	
  Conceptual	
  model	
  

3.	
  Field	
  observa)ons	
  
	
  Stochas)c	
  processes	
  

4.	
  Theore)cal	
  grounding	
  
	
  Determinis)c	
  rela)onships	
  

5.	
  Applica)on	
  

6.	
  Policy	
  formula)on?	
  



Modeling	
  Opportuni/es	
  

1.	
  What	
  are	
  the	
  rela)ve	
  contribu)ons	
  of	
  different	
  
sources	
  to	
  the	
  PM	
  load?	
  

2.	
  How	
  does	
  land	
  use	
  correlate	
  with	
  PM	
  load?	
  

3.	
  How	
  do	
  trees	
  affect	
  PM	
  load	
  experienced	
  by	
  
humans?	
  

4.	
  What	
  are	
  appropriate	
  response	
  metrics?	
  



Mo/va/on:	
  Human	
  health	
  





From:	
  www.nyas.org/asthma	
  1/21/08	
  

Reason	
  for	
  concern	
  



Urban Respiratory Health in Crisis 



A potential solution………. 



The over-built landscape of the South Bronx  
dominated by commercial and industrial land use	
  



From the House version of the Climate Bill 

The Congress finds that 
(4) Shade trees have significant clean air benefits associated with them; 

(5) Every 100 healthy trees removes about 300 pounds of air pollution 
(including particulates and ozone) and about 15 tons of carbon dioxide  
from the air each year; 

(7) In over a dozen cities across the United States, increasing urban  
tree cover has generated between two and five dollars in savings for  
every dollar invested in such tree plantings 

www.govtrack.us/congress/bill.xpd?bill=h111-­‐2454	
  	
  





Conceptual	
  Model	
  





Ecosystem	
  services	
  
rendered	
  by	
  the	
  urban	
  forest	
  

Regional	
  

Local	
  	
  

Geological	
  weathering,	
  fire,	
  

Asthma!	
  

Respiratory	
  health	
  

Point	
  	
  
sources	
  

Mobile	
  	
  
sources	
  

agriculture	
  

Urban	
  landscape,	
  deficient	
  	
  
in	
  ecosystem	
  services	
  

Presumed	
  Causal	
  Chain	
  



Field	
  Observa/ons	
  



Modeling	
  Opportuni)es	
  

1.	
  What	
  are	
  the	
  rela)ve	
  contribu)ons	
  of	
  different	
  sources	
  to	
  the	
  PM	
  load?	
  

Problems	
  
Stochas)c	
  varia)ons	
  in	
  local	
  and	
  regional	
  sources	
  have	
  different	
  temporal	
  
scales	
  

Autocorrela)ons	
  

Exis)ng	
  samplers	
  are	
  biased	
  against	
  local	
  sources	
  
	
  Need	
  for	
  addi)onal	
  monitors?	
  
	
  Need	
  to	
  correlate	
  exis)ng	
  monitors	
  with	
  ground	
  level	
  monitors?	
  



TEOM*	
  samplers	
  maintained	
  by	
  regulatory	
  agencies	
  are	
  located	
  on	
  roof	
  tops	
  
Above	
  level	
  of	
  near	
  ground	
  boundary	
  layer	
  

	
  Rela)vely	
  well-­‐mixed	
  
	
  Less	
  vulnerable	
  to	
  local	
  varia)on	
  

Less	
  vulnerable	
  to	
  vandalism	
  
Hourly	
  averages:	
  coarse	
  )me	
  integral	
  

	
  *	
  Tapered	
  Element	
  Oscilla)ng	
  Microbalance	
  



Average	
  [PM	
  2.5]	
  for	
  monitoring	
  sta)ons	
  in	
  NYC	
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PM2.5 events are spiky and stochastic 



A	
  hydrograph	
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MS201 Street
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A	
  Koniograph	
  

Fr.	
  Greek,	
  konia:	
  soot	
  or	
  dust	
  



Return Period, MS 201
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Modeling	
  Opportuni)es	
  

2.	
  How	
  does	
  land	
  use	
  correlate	
  with	
  PM	
  load?	
  

Problems	
  
Distance	
  from	
  sources	
  varies	
  

	
  Wind	
  modifies	
  direc)on	
  and	
  severity	
  of	
  effect	
  

Local	
  varia)on	
  in	
  biophysical	
  structure	
  affects	
  dispersion	
  and	
  mixing	
  
	
  What	
  is	
  an	
  appropriate	
  typology	
  to	
  capture	
  these	
  effects?	
  
	
  A	
  priori	
  or	
  developed	
  as	
  part	
  of	
  the	
  study?	
  



Modeling	
  Opportuni)es	
  

3.	
  How	
  do	
  trees	
  affect	
  PM	
  load?	
  

Problems	
  
At	
  least	
  2	
  processes	
  occurring	
  simultaneously	
  

	
  Deposi)on:	
  removal	
  from	
  the	
  air	
  
	
  Dispersion:	
  rearranging	
  where	
  the	
  PM	
  occurs	
  

Different	
  par)cle	
  sizes	
  behave	
  differently	
  
	
  Clean	
  Air	
  Act	
  standards	
  are	
  based	
  on	
  aggregate	
  size	
  classes,	
  PM	
  10	
  
	
  	
  and	
  PM2.5	
  
	
  NO	
  current	
  standards	
  for	
  ultrafine	
  PM	
  

Monitoring	
  occurs	
  on	
  roobops,	
  where	
  humans	
  typically	
  are	
  not	
  present	
  



Case Study: The South Bronx  
An over-built landscape dominated by commercial, industrial and 

warehouse land use. Heavy diesel truck burden.	
  



100	
  m	
  transect	
  

100	
  

50	
  

5	
  

20	
  

10	
  

Hypothesis:	
  Par)cle	
  concentra)on	
  will	
  decrease	
  	
  
with	
  distance	
  from	
  road	
  source.	
  



Curb	
   5	
  meters	
  
20	
  meters	
  

50	
  meters	
   100	
  meters	
  



St. Mary's Transect 6/4/06
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Curb

5 Meters

10 Meters

20 Meters

50 Meters

100 Meters

A	
  koniograph	
  of	
  PM2.5	
  events:	
  spikey,	
  stochas/c	
  
Is	
  there	
  a	
  story	
  here?	
  



 Return Periods St. Mary's Curb PM2.5
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Return	
  Period:	
  analogous	
  to	
  the	
  100	
  year	
  storm.	
  	
  
Summarizes,	
  makes	
  randomness	
  informa)ve.	
  



Return Periods St. Mary's Transect 6/4/06

6.00

6.50

7.00

7.50

8.00

8.50

9.00

9.50

-1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00

Log Return Period, minutes

L
o

g
 P

M
2

.5
, 

C
o

u
n

ts
/

m
^

3

5 m PM2.5

10 m PM2.5

 20 m PM2.5

 50 m PM2.5

 100 m PM2.5

Events	
  frequency:	
  5m	
  =	
  curb	
  <	
  10	
  m	
  >	
  20,50,100m	
  
	
  You	
  need	
  to	
  be	
  50	
  m	
  back	
  to	
  be	
  “decoupled”	
  from	
  street	
  condi)ons	
  



Determinis/c	
  Theory	
  





	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  kT	
  
6	
  π η R	
  D	
  =	
  	
  

Einstein-­‐	
  Stokes	
  Rela)on	
  

D	
  =	
  diffusivity	
  
K	
  =	
  Boltzmann	
  constant	
  
η = viscosity	
  
R	
  =	
  par)cle	
  radius	



Fick’s	
  1st	
  Law	
  of	
  Diffusion	
  

Jj	
  =	
  flux	
  (mol	
  m-­‐2	
  s-­‐1)	
  
Dj	
  =	
  diffusion	
  coefficient	
  
cj	
  =	
  conc.	
  (mol	
  m-­‐3)	
  
x	
  =	
  distance	
  

Jj	
  =	
  -­‐Dj	
  	
  δcj	
  

δx	
  

Accepted	
  Theory	
  	
  







Vd,	
  deposi/on	
  velocity	
  :	
  slope	
  of	
  Flux	
  vs.	
  ambient	
  concentra)on	
  



Can	
  we	
  model	
  on	
  a	
  shaky	
  theore/cal	
  founda/on?	
  	
  



Response	
  Metrics:	
  Human	
  Health	
  Outcomes	
  





For	
  each	
  10µg	
  m3	
  increase	
  in	
  PM2.5,	
  life	
  expectancy	
  decreases	
  by:	
  
1978-­‐1982 	
  0.46	
  ±	
  0.22	
  yr	
  (P=	
  0.039)	
  
1997-­‐2001 	
  0.37	
  ±	
  0.20	
  yr	
  (P=	
  0.091)	
  

Pope,	
  C.A.	
  III,	
  M.	
  Ezza),	
  and	
  D.	
  W.	
  Dockery,	
  2009.	
  Fine	
  par)culate	
  air	
  pollu)on	
  and	
  life	
  
	
  expectancy	
  in	
  the	
  United	
  States.	
  New	
  England	
  Jour.	
  Med.	
  360:376-­‐86.	
  	
  













June	
  2007	
  

Curb	
  



Current	
  Applica/on:	
  Monitoring	
  the	
  Effect	
  of	
  Peak	
  Power	
  Generators	
  	
  
	
   	
   	
   	
   	
   	
   	
   	
  on	
  

Environmental	
  Jus)ce	
  Communi)es	
  (NYSERDA	
  RFP)	
  



Coal	
  fired	
  peaking	
  power	
  plants	
  

Gowanus,	
  Brooklyn,	
  NYC	
  



Determining	
  Impact	
  of	
  Emissions	
  on	
  	
  
Environmental	
  Jus)ce	
  (EJ)	
  Communi)es	
  	
  

1.	
  Where	
  should	
  sensors	
  be	
  placed?	
  

2.	
  How	
  many	
  sensors	
  are	
  needed?	
  

3.	
  How	
  long	
  should	
  sensors	
  be	
  deployed?	
  



Policy	
  Implica/ons?	
  







What	
  roles	
  can	
  	
  Computa/onal	
  Sustainability	
  in	
  the	
  complex	
  arena?	
  






