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Global	  simula7ons	  of	  tropospheric	  chemistry	  represent	  a	  
major	  computa7onal	  challenge	  
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•  Chemical	  mechanisms	  typically	  include	  
>100	  coupled	  species	  

•  Chemical	  process	  interact	  with	  transport	  
processes	  on	  wide	  range	  of	  scales	  

Resolu7on	   Resource	  
requirements	  
(normalized	  to	  
4x5)	  

4ox5o	  	   1	  

2ox2.5o	   188	  

0.25ox0.3125o	   12032	  



Earlier	  work	  emphasized	  the	  effect	  of	  distribu7ng	  NOX	  
emissions	  from	  urban	  regions	  into	  coarse	  grid	  cells	  

How	  does	  grid	  resolu7on	  
affect	  model	  
representa7on	  of	  high-‐
NOx	  vs.	  low-‐NOx	  regimes?	  

3	  

[Sillman	  et	  al.	  (1990)]	  
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•  Effect	  of	  grid	  resoluMon	  on	  NOX-‐
saturated	  vs.	  NOX-‐limited	  regime	  
has	  been	  extensively	  studied.	  

•  As	  NOX	  emissions	  decline,	  it	  
becomes	  increasingly	  important	  
to	  evaluate	  model	  ability	  to	  
represent	  interacMon	  of	  biogenic	  
and	  anthropogenic	  emissions.	  

VOC	  +	  OH	  

High	  NOx:	  nitrate	  
producMon,	  ozone	  
producMon	  

Low	  NOx:	  chain	  
terminaMon,	  sink	  for	  
HOx	  

RO2	  



Evaluate	  GEOS-‐Chem	  run	  at	  4ox5o,	  2ox2.5o	  and	  0.25Ox0.3125o	  
resolu7ons	  against	  SEAC4RS	  observa7ons	  
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Evaluate	  GEOS-‐Chem	  run	  at	  4ox5o,	  2ox2.5o	  and	  0.25Ox0.3125o	  
resolu7ons	  against	  SEAC4RS	  observa7ons	  

5	  

4x5	  global,	  starMng	  January	  
2013	  

2x2.5	  global,	  start	  January	  
2013	  

0.25x0.3125	  N.	  America	  with	  
4x5	  boundary	  condiMons,	  
start	  run	  August	  2013	  

GEOS	  
meteorology	  at	  
0.25x0.3125	  
resoluMon	  

Instrument	  (PI)	   Measurement	  

CSD	  CL	  (T.	  Ryerson)	   Ozone	  

NO	  

NO2	  

PTRMS	  (A.	  Wisthaler)	   Isoprene	  

CAMS	  (A.	  Fried)	   Formaldehyde	  

CIT-‐CIMS	  (P.	  
Wennberg)	  

ISOPN	  

ISOPOOH	   Boundary	  	  layer	  comparisons	  



Emissions	  of	  NOx	  and	  isoprene	  in	  Southeast	  US	  show	  high	  
granularity	  and	  spa7al	  an7-‐correla7on	  

YU ET AL.: IMPACT OF RESOLUTION ON TROP CHEM SIMULATIONS X - 15
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Figure 1. Emissions of anthropogenic NOX, soil + fertilizer NOX, lightning NOX, and isoprene

at each resolution for August 2013. Anthropogenic NOX emissions are from the NEI2008 inven-

tory. Soil and fertilizer NOX are computed using the parameteriztation of Hudman et al. [2012].

Lightning NOx computed based on satellite data as in Murray et al. [2012]. Isoprene emissions

from MEGAN [Guenther et al., 2012].
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Probability	  distribu7ons	  for	  primary	  and	  secondary	  species	  

7	  

•  Effect	  of	  grid	  resoluMon	  more	  apparent	  for	  highly	  skewed	  distribuMons:	  resoluMon	  of	  
small-‐scale	  features	  allows	  for	  more	  extreme	  tail	  values	  

•  ResoluMon	  differences	  for	  secondary	  species	  related	  to	  differences	  in	  chemical	  
pathways	  
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AQS	  surface	  measurements	  provide	  addi7onal	  informa7on	  on	  air	  
quality	  in	  the	  Southeast	  US	  
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MDA8	  ozone	  above	  75	  ppbv	  
measured	  at	  AQS	  sites	  

•  Increasing	  grid	  resoluMon	  improves	  representaMon	  of	  high	  tail	  compared	  against	  AQS	  
measurements.	  

•  Measurements	  in	  the	  high	  tail	  are	  primarily	  urban,	  unlike	  in	  the	  SEAC4RS	  data.	  



Nested	  model	  is	  able	  to	  capture	  increased	  variability	  but	  does	  
not	  improve	  correla7ons	  because	  finer-‐scale	  variability	  is	  more	  
difficult	  to	  capture	  

9	  

X - 18 YU ET AL.: IMPACT OF RESOLUTION ON TROP CHEM SIMULATIONS
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Figure 4. Taylor Diagram for various species sampled in the Southeast US boundary layer.

Left panel presents model output compared against observations averaged to the native model

grid; right panel presents model output compared against observations averaged to the coarsest

(4x5) model grid. Data outside of the SE US (lat=[29.5,40], lon=[-94.5,-75]), or with fire influence

(CH3CN > 0.225 ppb) is excluded. Standard deviation is plotted along the radial coordinate,

while the angular coordinate denotes the Pearson’s correlation coe�cient between model and

observations. Model standard deviation is normalized to the observations, so that a value above

1 indicates greater variance than observed, and a value below 1 indicates less variance than

observed. The open circle located at (1,1) represents the observations. The grey arcs represent the

root-mean-squared error between model and observations after the mean bias has been removed.
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Global	  models	  are	  unable	  to	  dis7nguish	  high	  NOx	  from	  high	  
isoprene	  environments,	  resul7ng	  in	  a	  higher	  frac7on	  of	  peroxy	  
radicals	  reac7ng	  via	  high-‐NOx	  pathway	  

10	  Isoprene	  (ppbv)	  

N
O
X	  (
pp

bv
)	   FracMon	  

ISOPO2	  
reacMng	  w/	  NO	  

●

●

●
●●

●
●

●● ●●●●●
●●

●
●

●

●

●
●●

●

●
●

●●

●

●●
●●●●●●
●●

●
●

● ●
●●
●
●●●●

●●

●
●

● ●

●

●●●●

●●
●●

●

●
●

●

●
●

●
●

●

●
●●●●

●
●

●

●

●

●●●●
●
●

●

●
●●

●
●

●●●●●●
●

●
●

●●●●●●●

●●●

● ●●●
●

●●● ●●●●

●

●
●
●●●

●

●

●●●
●●
●●
●

●
●●●

●●
●●●●

●
●●● ●●●●●●

●●●●●●●●
●●

●●
●●
●

● ●
●
●●●●

● ● ●●●
●●●●
●●●●● ●●●

●●
●

●
●●

●●

●●

●●●

● ●

●
●

●●●
●●●

●
●

●
● ●●●●

●●●●
●●●
●●

●
●
●● ●

●●
●

●●
●●
●

●
●

●
●
●●● ●

●
●
● ●●

●
●
●●●●●●

●●●
● ●

●●
●●●

●●●
●
●●

●
●

●

●
● ●●

●
●●●
●●● ●

●●●
●● ●

●

●

●

● ●

●
●
●●●

●●
●
●●●●● ●●●●

●
●
●
●

●

●●

●
●●

●●● ●

●

●●
●

●
●
●●●

●
●●●

●●
●
●●

●
●

●
●

●
●●

●
●

●
●

●

●

●●●
●
●●● ●● ●●

●

●●●●
●●●

●
●

●
●

●●
●●●●

● ●
●

●
●
●

●
●

●●●● ●●

●

●
●●

●●

●
●●

●●●
●●
●

●●●●
●
●●

●

●
●

●●

●
●
●

●●
●●●●

●●

●

●●

●

●
●●

●
●
●●

●

●

●●●
●

●

●
●

● ●●●
●

●●●●●
●

●
●

●
●

●
●●

●

●
● ●

●●●●●
●
●●

● ●●
●

●

●

●
●

●●
●

●
●

●● ●

●
●
●

●● ●
●●

●
●●●●●●

● ● ●●
●●●● ●

● ●●● ●

●
●●
●●
●
●●●●●●●●●
●●●●
●●●

●●●
●●●
●

●●
●

●
●

●●●●●
●●

●●●
●

●

●●

●

●
●
● ●● ●

●
●●●●●

●●● ●●● ●●●

●
●
●●●●●●

●●●
● ●●●●●●●

●
●●●●

●

● ●
●
●●
●
●●●●●●●

●
●

●●

●

●●●●●
●

●●

●

●●●●●●
●●●●●●●●●

●●●●●
● ●●

●

●

●

●
●

●●●
●

●

●

●● ●
●

● ●
●●

●

●●
●

●
●

●● ●
● ●●

●

●
●●
●●

●●
● ●●

●

●
● ● ●

●

●
● ●●●

●
●●●●

●●●● ●●●●●●

●●●●

●●●●
●●●●

●
●

●
●●

●●
●●●

●●
●

●

●●●●●●●●●●●
●
●
●

●●
●●
●●

●●●●●●●●●●●
●

●●●●●

●●●
●
●●●

●

●

●●●

●●
●●●

●●

●

●

●
●

●
●

●

●

● ●

●●
● ● ●

●
●●

●
●
●●●●●●●●

●

●

● ●●
●

●

●●●

● ●

●●●●
● ● ●

●●●●●●
●●

● ●●●

●●
●●●
●

●●●●●●●●●●
●

●●●
● ●

●
●●●●●●●

●

●

●●●●
●

●
●
●●
●●●●●●●

●
●●●

●
●●
●●●●●
●
●

●

●

●

●

●

●

●●●●
●
●

●
● ●●●●

● ●

●●
●●●●

●●
●●

●

●●●

●
●●

●
●

●
●●

●
●
●●
●●●

●●●●●
●●

●

●
●

●●
●

● ●●●●●●

●

●
●●

●

●●
● ●●

●

●● ●
●

●●● ●●

r = −0.14

0.1

1.0

10.0

0.1 1.0 10.0

DC8

●●●●●●●●●●●

●●●
●

●●●● ●●●●

●●●
●●●●●●
●●●●●●●

●
●●●●●●●

●●● ●●●●

●●●●●
●●●●●●●

●●●●
●●● ●●●

●●

●●●●
●●●●●●●●●●●●●●●●

●
●● ●●

●●●●●●●●●
●●●●●●●●●●●●

●●●

●●●
●●●

● ●●●●●●●●●

●●●
●●●●●●●●●●

●

●

●●●

●●●●●●●●
●●●●●●●●

●●●●●●
●●●●●●●●●●●●●●

●●
●●●● ●●●●

●
●

●●
●

●●●
●●●●●●●●●●

●
●
●●
●
●●●

●●●●

●●●●●● ●●
●●●●

●●●●● ●●●●●●●●●●●
●●●●

●●●●●●●●●●●●●●●●●●●●●●●
●●●

●●●●
●●●●●●●●●
●●●●●●●

●●●●
●●●●●●●

●●●●●●●●●●
●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●

●●●●●●
●●●●●●
●● ●
●

●

●●
●●●●●●●●●
●●●●

●●
●
●●

●●●
●●●●●●●●

●●●

●●●●

●●●
●●●●●●●● ●●●●●●

●

●●●

●●●●

● ●●●

●
●

●
●●●●● ●●●
●●●●

●●●●●●

●

●●
●

●●●
●●●●

● ●

●●●
●●●●

●●

●
●
●

●●●●
●●●●

●●●●

●●●

●●
●
●●●●

●●●
●●●●●●●

●●●
●●●●●●●●
●●●
●●●●●●●●●

●●●●
●●●●●●●●

●●●●●●●
●●●●●

●●
●●●
●●●●●●●●●
●●●●●●

● ●●●●●●●
●●●

●

●●
●●●
●●●

●
●

●●

●●●●
●●●●●●●●●●●●●●●●●● ● ● ●●●●

● ●●●●
●

●●

●

●●●
●●● ●
●●●

●
●●●●

●
●●●●●●

●●●●

●●●●●●●●

●●●● ●●●● ●●●
●
●●

●●●●●
●●

●

●

●

●● ●●
●

●●●
●●●
●●●●
●●●

●●●●●●●●●●●●●●
●●●●

●●
●

●

●●●●
●

●

●

●●●●●●●●●●●●●●● ●●● ●

●

●●●●●●●●
●●●●●●●● ●●

●●
●

●

●●●

●●●●
●●

● ●●●●●● ●●●
●●●●●●

●●●●●●●●●●●●●●●●
●●●●●● ●●●●●●●●●●●●●

●●●
●●●●●●

●●

●

●
●●
●●
●●●●

●●●●●●
●●
●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●
●●

●●

●●●●●●●●●●●
●●●

●●

●● ●●
●●

●

●●●●●●●

●●●●●●●●●●●● ●● ●●●●●●
●●●●●●

●●●●
●

●

●●●●●●●
●●●●●●●●●

●●
●●●●

●
●

●●

●●●
●●●●●●●● ●●

r = −0.2

0.1

1.0

10.0

0.1 1.0 10.0

GC 0.25x0.3125

●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●

●

●●●●
●●●●

●●●●●
●●●●
●●●

●

●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●●●●●●●●●

●
●

●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●

●
●
●●●●●●●●●●
●
●

●●
●●

●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●
● ●

●●●●●●●●●●
●●●●

●●
●

●●●●●●●●●
●●●

●

●●●●●●●●●

●
● ●● ●

●●●

●●●●●●●●●●●
●●●

●

●●
●

●●●●●●●●
●

●●●●●●
●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
● ●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●● ●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●
●

● ●

●
●
●●●●●●●

●●●

●●
●
●●●

●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●
●

●●●●●
● ●●●●

●●●●●●●●●●●●●●●●●●●●●●●●

● ●●●●

●●●●

●
●

●●●●●●
●●●●●●

●

●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●

●●●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●● ●●●●●●●
●

●●●●●● ●●●
●

●●

●●●●●●● ●

r = 0.21

0.1

1.0

10.0

0.1 1.0 10.0

GC 2x2.5

●●●●●●●●●●●●●●
●●●●●●

●●●
●●●
●●●●●

●●●●●●●●●●●●●
●

●

●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●
●

●

●●●●
●

●●●●●
● ●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●

●●●●●●●●●●●
● ●●●●●●●

●●
●

●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●
●●● ●●●

●
●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●
●●

●

●●

●
●●●
●●●●●●●●●

●
●●

●●

●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●

●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●
●● ●●●●●●●●●●

●
●

●●●●●●●● ●●●●●●●●
●

●● ●

●●●●●●●●
●

●

●●●●●●●●●●●●●●

●

●●●●●●●

●

●●

●

●
●●●●●●●●

●
●
●
●●●●●●●●

●

●●●●●●
●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●

●●●●●●●●●●●●●●●●●●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●
●

●

●●●●●●●●●●

●●●●
●●●●●
●●●●●●●●

●●●
●

●●●●●●●●●●●●●●●●●
●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●

●

●

●●

●●●●
●●●
●●

●● ●●
●●●●●
●●●●●●●●●●●●●●●●●●●
●●●●●●

●

●

●●●●●
●

●

●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●●●●●●●●

●
●●●●

●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●● ●●●●●●●●●● ● ●●●●●●
● ●●●●●● ●●●

●
●●●

●
●●●

●
●

●
●

●

r = 0.57

0.1

1.0

10.0

0.1 1.0 10.0

GC 4x5

0.3
0.4
0.5
0.6
0.7
0.8

fNO

Coarse	  resoluMon	  models	  
do	  not	  capture	  negaMve	  
relaMonship	  between	  NOX	  
and	  isoprene	  

●

●

●
●●

●
●

●● ●●●●●
●●

●
●

●

●

●
●●

●

●
●

●●

●

●●
●●●●●●
●●

●
●

● ●
●●
●
●●●●

●●

●
●

● ●

●

●●●●

●●
●●

●

●
●

●

●
●

●
●

●

●
●●●●

●
●

●

●

●

●●●●
●
●

●

●
●●

●
●

●●●●●●
●

●
●

●●●●●●●

●●●

● ●●●
●

●●● ●●●●

●

●
●
●●●

●

●

●●●
●●
●●
●

●
●●●

●●
●●●●

●
●●● ●●●●●●

●●●●●●●●
●●

●●
●●
●

● ●
●
●●●●

● ● ●●●
●●●●
●●●●● ●●●

●●
●

●
●●

●●

●●

●●●

● ●

●
●

●●●
●●●

●
●

●
● ●●●●

●●●●
●●●
●●

●
●
●● ●

●●
●

●●
●●
●

●
●

●
●
●●● ●

●
●
● ●●

●
●
●●●●●●

●●●
● ●

●●
●●●

●●●
●
●●

●
●

●

●
● ●●

●
●●●
●●● ●

●●●
●● ●

●

●

●

● ●

●
●
●●●

●●
●
●●●●● ●●●●

●
●
●
●

●

●●

●
●●

●●● ●

●

●●
●

●
●
●●●

●
●●●

●●
●
●●

●
●

●
●

●
●●

●
●

●
●

●

●

●●●
●
●●● ●● ●●

●

●●●●
●●●

●
●

●
●

●●
●●●●

● ●
●

●
●
●

●
●

●●●● ●●

●

●
●●

●●

●
●●

●●●
●●
●

●●●●
●
●●

●

●
●

●●

●
●
●

●●
●●●●

●●

●

●●

●

●
●●

●
●
●●

●

●

●●●
●

●

●
●

● ●●●
●

●●●●●
●

●
●

●
●

●
●●

●

●
● ●

●●●●●
●
●●

● ●●
●

●

●

●
●

●●
●

●
●

●● ●

●
●
●

●● ●
●●

●
●●●●●●

● ● ●●
●●●● ●

● ●●● ●

●
●●
●●
●
●●●●●●●●●
●●●●
●●●

●●●
●●●
●

●●
●

●
●

●●●●●
●●

●●●
●

●

●●

●

●
●
● ●● ●

●
●●●●●

●●● ●●● ●●●

●
●
●●●●●●

●●●
● ●●●●●●●

●
●●●●

●

● ●
●
●●
●
●●●●●●●

●
●

●●

●

●●●●●
●

●●

●

●●●●●●
●●●●●●●●●

●●●●●
● ●●

●

●

●

●
●

●●●
●

●

●

●● ●
●

● ●
●●

●

●●
●

●
●

●● ●
● ●●

●

●
●●
●●

●●
● ●●

●

●
● ● ●

●

●
● ●●●

●
●●●●

●●●● ●●●●●●

●●●●

●●●●
●●●●

●
●

●
●●

●●
●●●

●●
●

●

●●●●●●●●●●●
●
●
●

●●
●●
●●

●●●●●●●●●●●
●

●●●●●

●●●
●
●●●

●

●

●●●

●●
●●●

●●

●

●

●
●

●
●

●

●

● ●

●●
● ● ●

●
●●

●
●
●●●●●●●●

●

●

● ●●
●

●

●●●

● ●

●●●●
● ● ●

●●●●●●
●●

● ●●●

●●
●●●
●

●●●●●●●●●●
●

●●●
● ●

●
●●●●●●●

●

●

●●●●
●

●
●
●●
●●●●●●●

●
●●●

●
●●
●●●●●
●
●

●

●

●

●

●

●

●●●●
●
●

●
● ●●●●

● ●

●●
●●●●

●●
●●

●

●●●

●
●●

●
●

●
●●

●
●
●●
●●●

●●●●●
●●

●

●
●

●●
●

● ●●●●●●

●

●
●●

●

●●
● ●●

●

●● ●
●

●●● ●●

r = −0.14

0.1

1.0

10.0

0.1 1.0 10.0

DC8

●●●●●●●●●●●

●●●
●

●●●● ●●●●

●●●
●●●●●●
●●●●●●●

●
●●●●●●●

●●● ●●●●

●●●●●
●●●●●●●

●●●●
●●● ●●●

●●

●●●●
●●●●●●●●●●●●●●●●

●
●● ●●

●●●●●●●●●
●●●●●●●●●●●●

●●●

●●●
●●●

● ●●●●●●●●●

●●●
●●●●●●●●●●

●

●

●●●

●●●●●●●●
●●●●●●●●

●●●●●●
●●●●●●●●●●●●●●

●●
●●●● ●●●●

●
●

●●
●

●●●
●●●●●●●●●●

●
●
●●
●
●●●

●●●●

●●●●●● ●●
●●●●

●●●●● ●●●●●●●●●●●
●●●●

●●●●●●●●●●●●●●●●●●●●●●●
●●●

●●●●
●●●●●●●●●
●●●●●●●

●●●●
●●●●●●●

●●●●●●●●●●
●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●

●●●●●●
●●●●●●
●● ●
●

●

●●
●●●●●●●●●
●●●●

●●
●
●●

●●●
●●●●●●●●

●●●

●●●●

●●●
●●●●●●●● ●●●●●●

●

●●●

●●●●

● ●●●

●
●

●
●●●●● ●●●
●●●●

●●●●●●

●

●●
●

●●●
●●●●

● ●

●●●
●●●●

●●

●
●
●

●●●●
●●●●

●●●●

●●●

●●
●
●●●●

●●●
●●●●●●●

●●●
●●●●●●●●
●●●
●●●●●●●●●

●●●●
●●●●●●●●

●●●●●●●
●●●●●

●●
●●●
●●●●●●●●●
●●●●●●

● ●●●●●●●
●●●

●

●●
●●●
●●●

●
●

●●

●●●●
●●●●●●●●●●●●●●●●●● ● ● ●●●●

● ●●●●
●

●●

●

●●●
●●● ●
●●●

●
●●●●

●
●●●●●●

●●●●

●●●●●●●●

●●●● ●●●● ●●●
●
●●

●●●●●
●●

●

●

●

●● ●●
●

●●●
●●●
●●●●
●●●

●●●●●●●●●●●●●●
●●●●

●●
●

●

●●●●
●

●

●

●●●●●●●●●●●●●●● ●●● ●

●

●●●●●●●●
●●●●●●●● ●●

●●
●

●

●●●

●●●●
●●

● ●●●●●● ●●●
●●●●●●

●●●●●●●●●●●●●●●●
●●●●●● ●●●●●●●●●●●●●

●●●
●●●●●●

●●

●

●
●●
●●
●●●●

●●●●●●
●●
●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●
●●

●●

●●●●●●●●●●●
●●●

●●

●● ●●
●●

●

●●●●●●●

●●●●●●●●●●●● ●● ●●●●●●
●●●●●●

●●●●
●

●

●●●●●●●
●●●●●●●●●

●●
●●●●

●
●

●●

●●●
●●●●●●●● ●●

r = −0.20

0.1

1.0

10.0

0.1 1.0 10.0

GC 0.25x0.3125

●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●

●

●●●●
●●●●

●●●●●
●●●●
●●●

●

●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●●●●●●●●●

●
●

●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●

●
●
●●●●●●●●●●
●
●

●●
●●

●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●
● ●

●●●●●●●●●●
●●●●

●●
●

●●●●●●●●●
●●●

●

●●●●●●●●●

●
● ●● ●

●●●

●●●●●●●●●●●
●●●

●

●●
●

●●●●●●●●
●

●●●●●●
●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
● ●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●● ●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●
●

● ●

●
●
●●●●●●●

●●●

●●
●
●●●

●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●
●

●●●●●
● ●●●●

●●●●●●●●●●●●●●●●●●●●●●●●

● ●●●●

●●●●

●
●

●●●●●●
●●●●●●

●

●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●

●●●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●● ●●●●●●●
●

●●●●●● ●●●
●

●●

●●●●●●● ●

r = 0.21

0.1

1.0

10.0

0.1 1.0 10.0

GC 2x2.5

●●●●●●●●●●●●●●
●●●●●●

●●●
●●●
●●●●●

●●●●●●●●●●●●●
●

●

●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●
●

●

●●●●
●

●●●●●
● ●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●

●●●●●●●●●●●
● ●●●●●●●

●●
●

●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●
●●● ●●●

●
●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●
●●

●

●●

●
●●●
●●●●●●●●●

●
●●

●●

●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●

●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●
●● ●●●●●●●●●●

●
●

●●●●●●●● ●●●●●●●●
●

●● ●

●●●●●●●●
●

●

●●●●●●●●●●●●●●

●

●●●●●●●

●

●●

●

●
●●●●●●●●

●
●
●
●●●●●●●●

●

●●●●●●
●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●

●●●●●●●●●●●●●●●●●●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●
●

●

●●●●●●●●●●

●●●●
●●●●●
●●●●●●●●

●●●
●

●●●●●●●●●●●●●●●●●
●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●

●

●

●●

●●●●
●●●
●●

●● ●●
●●●●●
●●●●●●●●●●●●●●●●●●●
●●●●●●

●

●

●●●●●
●

●

●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●●●●●●●●

●
●●●●

●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●● ●●●●●●●●●● ● ●●●●●●
● ●●●●●● ●●●

●
●●●

●
●●●

●
●

●
●

●

r = 0.57

0.1

1.0

10.0

0.1 1.0 10.0

GC 4x5

0.3
0.4
0.5
0.6
0.7
0.8

fNO

●

●

●
●●

●
●

●● ●●●●●
●●

●
●

●

●

●
●●

●

●
●

●●

●

●●
●●●●●●
●●

●
●

● ●
●●
●
●●●●

●●

●
●

● ●

●

●●●●

●●
●●

●

●
●

●

●
●

●
●

●

●
●●●●

●
●

●

●

●

●●●●
●
●

●

●
●●

●
●

●●●●●●
●

●
●

●●●●●●●

●●●

● ●●●
●

●●● ●●●●

●

●
●
●●●

●

●

●●●
●●
●●
●

●
●●●

●●
●●●●

●
●●● ●●●●●●

●●●●●●●●
●●

●●
●●
●

● ●
●
●●●●

● ● ●●●
●●●●
●●●●● ●●●

●●
●

●
●●

●●

●●

●●●

● ●

●
●

●●●
●●●

●
●

●
● ●●●●

●●●●
●●●
●●

●
●
●● ●

●●
●

●●
●●
●

●
●

●
●
●●● ●

●
●
● ●●

●
●
●●●●●●

●●●
● ●

●●
●●●

●●●
●
●●

●
●

●

●
● ●●

●
●●●
●●● ●

●●●
●● ●

●

●

●

● ●

●
●
●●●

●●
●
●●●●● ●●●●

●
●
●
●

●

●●

●
●●

●●● ●

●

●●
●

●
●
●●●

●
●●●

●●
●
●●

●
●

●
●

●
●●

●
●

●
●

●

●

●●●
●
●●● ●● ●●

●

●●●●
●●●

●
●

●
●

●●
●●●●

● ●
●

●
●
●

●
●

●●●● ●●

●

●
●●

●●

●
●●

●●●
●●
●

●●●●
●
●●

●

●
●

●●

●
●
●

●●
●●●●

●●

●

●●

●

●
●●

●
●
●●

●

●

●●●
●

●

●
●

● ●●●
●

●●●●●
●

●
●

●
●

●
●●

●

●
● ●

●●●●●
●
●●

● ●●
●

●

●

●
●

●●
●

●
●

●● ●

●
●
●

●● ●
●●

●
●●●●●●

● ● ●●
●●●● ●

● ●●● ●

●
●●
●●
●
●●●●●●●●●
●●●●
●●●

●●●
●●●
●

●●
●

●
●

●●●●●
●●

●●●
●

●

●●

●

●
●
● ●● ●

●
●●●●●

●●● ●●● ●●●

●
●
●●●●●●

●●●
● ●●●●●●●

●
●●●●

●

● ●
●
●●
●
●●●●●●●

●
●

●●

●

●●●●●
●

●●

●

●●●●●●
●●●●●●●●●

●●●●●
● ●●

●

●

●

●
●

●●●
●

●

●

●● ●
●

● ●
●●

●

●●
●

●
●

●● ●
● ●●

●

●
●●
●●

●●
● ●●

●

●
● ● ●

●

●
● ●●●

●
●●●●

●●●● ●●●●●●

●●●●

●●●●
●●●●

●
●

●
●●

●●
●●●

●●
●

●

●●●●●●●●●●●
●
●
●

●●
●●
●●

●●●●●●●●●●●
●

●●●●●

●●●
●
●●●

●

●

●●●

●●
●●●

●●

●

●

●
●

●
●

●

●

● ●

●●
● ● ●

●
●●

●
●
●●●●●●●●

●

●

● ●●
●

●

●●●

● ●

●●●●
● ● ●

●●●●●●
●●

● ●●●

●●
●●●
●

●●●●●●●●●●
●

●●●
● ●

●
●●●●●●●

●

●

●●●●
●

●
●
●●
●●●●●●●

●
●●●

●
●●
●●●●●
●
●

●

●

●

●

●

●

●●●●
●
●

●
● ●●●●

● ●

●●
●●●●

●●
●●

●

●●●

●
●●

●
●

●
●●

●
●
●●
●●●

●●●●●
●●

●

●
●

●●
●

● ●●●●●●

●

●
●●

●

●●
● ●●

●

●● ●
●

●●● ●●

r = −0.14

0.1

1.0

10.0

0.1 1.0 10.0

DC8

●●●●●●●●●●●

●●●
●

●●●● ●●●●

●●●
●●●●●●
●●●●●●●

●
●●●●●●●

●●● ●●●●

●●●●●
●●●●●●●

●●●●
●●● ●●●

●●

●●●●
●●●●●●●●●●●●●●●●

●
●● ●●

●●●●●●●●●
●●●●●●●●●●●●

●●●

●●●
●●●

● ●●●●●●●●●

●●●
●●●●●●●●●●

●

●

●●●

●●●●●●●●
●●●●●●●●

●●●●●●
●●●●●●●●●●●●●●

●●
●●●● ●●●●

●
●

●●
●

●●●
●●●●●●●●●●

●
●
●●
●
●●●

●●●●

●●●●●● ●●
●●●●

●●●●● ●●●●●●●●●●●
●●●●

●●●●●●●●●●●●●●●●●●●●●●●
●●●

●●●●
●●●●●●●●●
●●●●●●●

●●●●
●●●●●●●

●●●●●●●●●●
●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●

●●●●●●
●●●●●●
●● ●
●

●

●●
●●●●●●●●●
●●●●

●●
●
●●

●●●
●●●●●●●●

●●●

●●●●

●●●
●●●●●●●● ●●●●●●

●

●●●

●●●●

● ●●●

●
●

●
●●●●● ●●●
●●●●

●●●●●●

●

●●
●

●●●
●●●●

● ●

●●●
●●●●

●●

●
●
●

●●●●
●●●●

●●●●

●●●

●●
●
●●●●

●●●
●●●●●●●

●●●
●●●●●●●●
●●●
●●●●●●●●●

●●●●
●●●●●●●●

●●●●●●●
●●●●●

●●
●●●
●●●●●●●●●
●●●●●●

● ●●●●●●●
●●●

●

●●
●●●
●●●

●
●

●●

●●●●
●●●●●●●●●●●●●●●●●● ● ● ●●●●

● ●●●●
●

●●

●

●●●
●●● ●
●●●

●
●●●●

●
●●●●●●

●●●●

●●●●●●●●

●●●● ●●●● ●●●
●
●●

●●●●●
●●

●

●

●

●● ●●
●

●●●
●●●
●●●●
●●●

●●●●●●●●●●●●●●
●●●●

●●
●

●

●●●●
●

●

●

●●●●●●●●●●●●●●● ●●● ●

●

●●●●●●●●
●●●●●●●● ●●

●●
●

●

●●●

●●●●
●●

● ●●●●●● ●●●
●●●●●●

●●●●●●●●●●●●●●●●
●●●●●● ●●●●●●●●●●●●●

●●●
●●●●●●

●●

●

●
●●
●●
●●●●

●●●●●●
●●
●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●
●●

●●

●●●●●●●●●●●
●●●

●●

●● ●●
●●

●

●●●●●●●

●●●●●●●●●●●● ●● ●●●●●●
●●●●●●

●●●●
●

●

●●●●●●●
●●●●●●●●●

●●
●●●●

●
●

●●

●●●
●●●●●●●● ●●

r = −0.20

0.1

1.0

10.0

0.1 1.0 10.0

GC 0.25x0.3125

●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●

●

●●●●
●●●●

●●●●●
●●●●
●●●

●

●●●●●●●●●●●●●●●●●●●●●●●

●
●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●
●●●●●●●●●

●
●

●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●

●
●

●
●
●●●●●●●●●●
●
●

●●
●●

●
●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●
● ●

●●●●●●●●●●
●●●●

●●
●

●●●●●●●●●
●●●

●

●●●●●●●●●

●
● ●● ●

●●●

●●●●●●●●●●●
●●●

●

●●
●

●●●●●●●●
●

●●●●●●
●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
● ●●●●●●●●●●●●●●●●●●●

●
●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●

●● ●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●
●

● ●

●
●
●●●●●●●

●●●

●●
●
●●●

●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●
●

●●●●●
● ●●●●

●●●●●●●●●●●●●●●●●●●●●●●●

● ●●●●

●●●●

●
●

●●●●●●
●●●●●●

●

●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●

●●●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●● ●●●●●●●
●

●●●●●● ●●●
●

●●

●●●●●●● ●

r = 0.21

0.1

1.0

10.0

0.1 1.0 10.0

GC 2x2.5

●●●●●●●●●●●●●●
●●●●●●

●●●
●●●
●●●●●

●●●●●●●●●●●●●
●

●

●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●
●

●

●●●●
●

●●●●●
● ●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●●●●●●●●●●●

●●●●●●●●●●●
● ●●●●●●●

●●
●

●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●
●●● ●●●

●
●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●
●●

●

●●

●
●●●
●●●●●●●●●

●
●●

●●

●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●

●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●
●● ●●●●●●●●●●

●
●

●●●●●●●● ●●●●●●●●
●

●● ●

●●●●●●●●
●

●

●●●●●●●●●●●●●●

●

●●●●●●●

●

●●

●

●
●●●●●●●●

●
●
●
●●●●●●●●

●

●●●●●●
●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●

●●●●●●●●●●●●●●●●●●

●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●
●

●

●●●●●●●●●●

●●●●
●●●●●
●●●●●●●●

●●●
●

●●●●●●●●●●●●●●●●●
●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●

●

●

●●

●●●●
●●●
●●

●● ●●
●●●●●
●●●●●●●●●●●●●●●●●●●
●●●●●●

●

●

●●●●●
●

●

●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●●●●●●●●

●
●●●●

●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●● ●●●●●●●●●● ● ●●●●●●
● ●●●●●● ●●●

●
●●●

●
●●●

●
●

●
●

●

r = 0.57

0.1

1.0

10.0

0.1 1.0 10.0

GC 4x5

0.3
0.4
0.5
0.6
0.7
0.8

fNO



SEAC4RS	  also	  provides	  observa7onal	  constraints	  on	  
chemical	  pathways:	  higher	  resolu7on	  model	  improves	  
representa7on	  of	  high-‐NOx	  vs.	  low-‐NOx	  regimes	  

ObservaMons	  from	  P.	  Wennberg	  

ISOPOOH	  /	  (ISOPOOH	  +	  ISOPN)	  
●

●

●

●

●●

●

●

●●
●

●

●
●●

●

●
●

●

●
●●

●

●

●●●●

●

●

●

●
●

●

●

●

●

●

●

● ●

●

●●

●●●

●

●

●●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●
●

●●
● ●●●●

● ●
●

●

● ●
●● ● ● ●

●

●
●

●

●

●

●

●
● ●

●
●

● ● ●

●
●

●

●

●

●

●

●
●

●
●

●

●

●●●
●

●

●

●

●
●

●

●

●●

●

●

●
●

●

●

●

●
●●

●

●

●

●

●●

●
●

●
●

●

●
●●●●●

●

●

●

●
●

●

●
●

●●

●
●●●●●●●

●
● ● ●

●

●
●

●●
●

●●

●

●

●

●

●●

●

●
●●

●

●
●

●●
●

●
●

●

●
●

●
●

●

●●●

●

●

●

●

●

●●

●

●

●
● ●●

●

●

●
●

●

●

●●

●

●

●

●

●
●

●
●●

●●

●

●●
●

●

●
●

●
●●

●●
● ●

●

●

●

●

●

●

●

●

●

●
● ● ●

●

●

●

●

●

●

●●
●

●
●●

●

●

●

●

●
●

●

●

●●

●

●

●
●

●

●
●

●

●
●

●
●

●

●
●

●
● ●●

●●

●

●●
●

●
●●●
●

●
●●
●

●

●

●

●

●

●

●●

●

●

●●

●

●
●

●

●●●

●

●

●

●

●

●

●●
●

●
●

●
●

●
●●

●

●

●●
●●
●

●

●

●

●

●
●

●

●
●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●●
●●

●

●
●

●●

●

●

●●
●●

●

●

●●
●●●

● ●●
●

●
●

●
● ●
●

●

●●

●

● ●●

●●●

●

●

●

●●
●●

●

●●●
●● ●●

● ●●●
●●

●

●

●

● ●●

●

●

●

●

●
●

●

●
●●

●

●

●
●

●

●●
●

●

●

●

●

●

●

●●

●
●●●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●●●

●

●

●

●

●
●

●●●

●

●

●

●
●

●●

●●●

●

●
●
●

●

●●
●●●

●●
●

●
●

●

●

●
●

●

●●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●●

●

●●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●●
●●

●
●

●●

●

●
●

●

●

●
●

●●
●

●
●

●

●

●
●

●●●●

●
●

●●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●●

●

●●

●●
●

●
●●

●●
●

●
●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●

●

●
●

●

●

●

●

●
0.

0
0.

2
0.

4
0.

6
0.

8
1.

0

Sa
m

pl
e 

Q
ua

nt
ile

s ●●●●●●
●●

●●●●
●●●●

●

●
●

●
●

●●

●●●●●

●●● ●
●

●●●

●●●
●●●

●

●

●●

●

●●●

●●
●●●

●●●

●●●

●●●●●●

●

●●●

●●●●●●●●

●

●

●●● ●●●●●●●●●
●●●

● ●●●● ● ●

●

●

●●●●

●●●
●●●

●●●●●●●● ●●●●●●
●●

●

●●

●

●●

●●●

●

●●●●

●

●●●●
●●●

●●

●●●

●●●●

●●●●

●●
●●●●

●●●●●●●

●●●● ●●
●●

●●●●●●
●●●●●●●●●●

●

●

●
●●●

●●●●●●
●● ●

●

●
●●

●●●●●●●●●●
●

●

●●●

●●●

●
●

●
●●●●●

●
●●

●●

●●●

●
●●●

●
●●●●●●●

●●●●
● ●

●

●●●
●●

●

●

●

●●

●

●

●

●●●

●
●

●●●●●●●●●●● ●
●●

●
●●● ●●

●
●

● ●
●

●●●●● ●●
●● ●

●●●●
●● ●

●
● ●

●●●
●●●●

●●●

●

●●●●
●

●

●
●●●●

●●●

●●●

●
●

●

●

●

●●●

●

●

●●
●●●

●

●●

●
●

●●

●●●●
●●●

●
●●●

●●●
●●●

●●

●

●
●●●●

●

●●

●●
●

●●●
●

●● ● ● ●●● ●●●

●

●●●●

●
●

●●●● ●●●●● ●●● ●

●

●
●●

●●●

●●●
●●●●● ●●●●●●●●● ●● ●●●

●●

●●

●

●
●

●

●●●●

●

●●●

●
●

●

●●

●●●●●

● ●

●●●

●●
●●● ●

●

●●●●●●●●●

●●
●●

●
●

●

●
●●

●●●●

●
●●●

●●
●●●●●●●●●

●●●

●●●
●

●●
●

●

●

●

●

●

●
●●●

●●●

●

●

●●●●

●●●●
●●

●●

●●

●●●
●

●●

●●

●●●●●●
●

●

●

●

●●

●●●●

●●●

●●●

●●●

●

●

●
●
●

●

●
●●●

●●

●●●●

●

●●●

●●●●

●

●●●

●●
●●●●● ●●●●●●●

●
●

●●●●

●

●

●●●

●

●
●●●●

●●●●●●●
●●●

●
●●

●●

●●●●

●

●

● ●●●

●●●

●●●

●●

●

●●●

●●●

●●

●

●

●●●

●●●
●●●

●

●

●●

●●●●●

●

●
●

●

●

●

●●●

●
●

●

●●

●

●●●●●●
●●●●●●●●●● ●

●●

●●●●●●●●●●●●●●●●●

●●●●●●

●
●

●

●●●●●

●

●

●●●

●●●●

●●●●●●●●

●

●●●●●●●●●●
●
●

●

●●●●●●●●●●●●●●●●●●
● ●

●

●

●

●

●●●●

●●●●●●●●●●●●●●
●●●●

●●●●●●●

●

●●●
●●

●●●●●●●●●●●●
●

●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●
●●
●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●

●●●●●●●●
●

●
●●●●●

●

●●●

●●●●●●

●

●

●●

●●●●

●

●
●●

●

●●●●●●

●

●●●
●

●

●●●●●●● ●●●●●●
●●

●
● ●●● ●●●● ●
●●

●●●●●●●●●●
●●

●

●●●●●●●●●●●●●●●●●

●●●●●●●●●●●

●●●
●

●●●●●

●

●●●●●●●●●●●●●●●●●●●

●●

●●●●●●●●●●●● ●●●●●●●●●●

●●●●

●●●
●

●●●●●●●●●●●● ●●●●●●●●
● ●

●
●●●●●

● ●●● ● ●●●●●●●●●●●●●●●●●
●●●●●

●●●●●

●
● ●● ●
●●●

●●●●●

●

●
●

●●●●

●
●●

●●●●●●●●●●
●●●●●●●

●●

●●●

●●
●● ●

● ●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●

●●

●

● ● ● ●●●●●●●●

●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●

●

●●

●

●

●

●●●●●●●●●

●●●●●●●●●●●●●●●●
●●●●●●●●●●

●●●● ●●●

●

●
●●

●●●●●●●●●●●●
●● ●●

●●●●●
●●●●●●

●●●●● ●●●●●●

●●●●●●●●●●

●

●

●●●

●●●●●●●●●●●●●●●●

●●

●

●
●

●●●

●●

●

●●
●

●●

●●●

●
● ●●●●●●●●●

●
●

●
●●●●●●●●●●●●●●●●●

●●●●● ●

●

●

●●●●●

●

●●

●●●

●●●●
●●●●●●●●

● ●●●●●

●●●●●●

●●

●

●●●●●●●●●●●●●●●●

● ●● ●

●

●●
●●●●

●

●●● ●●●●●●●●● ● ● ●●●●●●●●

●●

●

●●●●●
●●●●●● ●●●●●●

●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●
●●

●
●●●

●●●●●

●
●

●●

●
●
●

●

●
●●●●●●●●●

●
●●●●●●

●●●●●
● ●

●●
●●●●●●● ● ●

●●●

●●●●●●●●●●●●●

●

●
●●●●●●●

●

●●●
●●●●●●●

●●●

●
●

●●●●●●●●●●●●
●●●●● ●●●

●● ●

●
● ●●

●●●●●●●●

●
●

●●●

●●●●●

●●●●●●●●

●●●●

●●●●●●●●●●
●

●

●

●

●

●
●●●

●●

●

●●●●●●●●●●●●●

●●●● ●
●●●●●●●●●●●●●●●●●

●●●

●●●●
●●●●

●●●

●●●●●●●●●●●●●

●●●●●●●●●
●

●●
●●●●●●
●● ● ●● ●●●●

●●●●●●●●●●●●●●●●

●●●●
●

●

●
●●●

● ●●

●●●●
●

●

●●

●●●●
●●●

●●●●●●●●●●
●●●●●● ●●

●

●●●●●●
●●

●●

●●●●●●●●●●●●●●●●●●●●●● ●●●●●●
●

●
●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●

●●●●

●

●●
●

●

●●

● ● ● ●●●●●●

●●●●●●●●●●●●

●●● ●●●●●●●●●●●●●●●●●
●

●●●

●●

●●●●●●●●● ●
●●●●

●●●●●

●●●●●●

●●●●●●●●●●●●●●●●●●

●●●

●

●

●●●●●●●●●

●●●●●●●●●●

●

●●
●●

●●●

●

●

●

●

●

●

0 3.6 27 73 96 100
Normal cumulative probability

IS
O

PO
O

H 
fra

ct
io

n

●

●

●

●

Observations
GC 0.25x0.3125
GC 2x2.5
GC 4x5

ISOP	  +	  OH	  

ISOPN	   ISOPOOH	  

ISOPO2	  

+NO	   +HO2	  

●

●

●

●

●●

●

●

●●
●

●

●
●●

●

●
●

●

●
●●

●

●

●●●●

●

●

●

●
●

●

●

●

●

●

●

● ●

●

●●

●●●

●

●

●●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●
●

●●
● ●●●●

● ●
●

●

● ●
●● ● ● ●

●

●
●

●

●

●

●

●
● ●

●
●

● ● ●

●
●

●

●

●

●

●

●
●

●
●

●

●

●●●
●

●

●

●

●
●

●

●

●●

●

●

●
●

●

●

●

●
●●

●

●

●

●

●●

●
●

●
●

●

●
●●●●●

●

●

●

●
●

●

●
●

●●

●
●●●●●●●

●
● ● ●

●

●
●

●●
●

●●

●

●

●

●

●●

●

●
●●

●

●
●

●●
●

●
●

●

●
●

●
●

●

●●●

●

●

●

●

●

●●

●

●

●
● ●●

●

●

●
●

●

●

●●

●

●

●

●

●
●

●
●●

●●

●

●●
●

●

●
●

●
●●

●●
● ●

●

●

●

●

●

●

●

●

●

●
● ● ●

●

●

●

●

●

●

●●
●

●
●●

●

●

●

●

●
●

●

●

●●

●

●

●
●

●

●
●

●

●
●

●
●

●

●
●

●
● ●●

●●

●

●●
●

●
●●●
●

●
●●
●

●

●

●

●

●

●

●●

●

●

●●

●

●
●

●

●●●

●

●

●

●

●

●

●●
●

●
●

●
●

●
●●

●

●

●●
●●
●

●

●

●

●

●
●

●

●
●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●●
●●

●

●
●

●●

●

●

●●
●●

●

●

●●
●●●

● ●●
●

●
●

●
● ●
●

●

●●

●

● ●●

●●●

●

●

●

●●
●●

●

●●●
●● ●●

● ●●●
●●

●

●

●

● ●●

●

●

●

●

●
●

●

●
●●

●

●

●
●

●

●●
●

●

●

●

●

●

●

●●

●
●●●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●●●

●

●

●

●

●
●

●●●

●

●

●

●
●

●●

●●●

●

●
●
●

●

●●
●●●

●●
●

●
●

●

●

●
●

●

●●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●●

●

●●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●●
●●

●
●

●●

●

●
●

●

●

●
●

●●
●

●
●

●

●

●
●

●●●●

●
●

●●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●●

●

●●

●●
●

●
●●

●●
●

●
●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●

●

●
●

●

●

●

●

●

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Sa
m

pl
e 

Q
ua

nt
ile

s ●●●●●●
●●

●●●●
●●●●

●

●
●

●
●

●●

●●●●●

●●● ●
●

●●●

●●●
●●●

●

●

●●

●

●●●

●●
●●●

●●●

●●●

●●●●●●

●

●●●

●●●●●●●●

●

●

●●● ●●●●●●●●●
●●●

● ●●●● ● ●

●

●

●●●●

●●●
●●●

●●●●●●●● ●●●●●●
●●

●

●●

●

●●

●●●

●

●●●●

●

●●●●
●●●

●●

●●●

●●●●

●●●●

●●
●●●●

●●●●●●●

●●●● ●●
●●

●●●●●●
●●●●●●●●●●

●

●

●
●●●

●●●●●●
●● ●

●

●
●●

●●●●●●●●●●
●

●

●●●

●●●

●
●

●
●●●●●

●
●●

●●

●●●

●
●●●

●
●●●●●●●

●●●●
● ●

●

●●●
●●

●

●

●

●●

●

●

●

●●●

●
●

●●●●●●●●●●● ●
●●

●
●●● ●●

●
●

● ●
●

●●●●● ●●
●● ●

●●●●
●● ●

●
● ●

●●●
●●●●

●●●

●

●●●●
●

●

●
●●●●

●●●

●●●

●
●

●

●

●

●●●

●

●

●●
●●●

●

●●

●
●

●●

●●●●
●●●

●
●●●

●●●
●●●

●●

●

●
●●●●

●

●●

●●
●

●●●
●

●● ● ● ●●● ●●●

●

●●●●

●
●

●●●● ●●●●● ●●● ●

●

●
●●

●●●

●●●
●●●●● ●●●●●●●●● ●● ●●●

●●

●●

●

●
●

●

●●●●

●

●●●

●
●

●

●●

●●●●●

● ●

●●●

●●
●●● ●

●

●●●●●●●●●

●●
●●

●
●

●

●
●●

●●●●

●
●●●

●●
●●●●●●●●●

●●●

●●●
●

●●
●

●

●

●

●

●

●
●●●

●●●

●

●

●●●●

●●●●
●●

●●

●●

●●●
●

●●

●●

●●●●●●
●

●

●

●

●●

●●●●

●●●

●●●

●●●

●

●

●
●
●

●

●
●●●

●●

●●●●

●

●●●

●●●●

●

●●●

●●
●●●●● ●●●●●●●

●
●

●●●●

●

●

●●●

●

●
●●●●

●●●●●●●
●●●

●
●●

●●

●●●●

●

●

● ●●●

●●●

●●●

●●

●

●●●

●●●

●●

●

●

●●●

●●●
●●●

●

●

●●

●●●●●

●

●
●

●

●

●

●●●

●
●

●

●●

●

●●●●●●
●●●●●●●●●● ●

●●

●●●●●●●●●●●●●●●●●

●●●●●●

●
●

●

●●●●●

●

●

●●●

●●●●

●●●●●●●●

●

●●●●●●●●●●
●
●

●

●●●●●●●●●●●●●●●●●●
● ●

●

●

●

●

●●●●

●●●●●●●●●●●●●●
●●●●

●●●●●●●

●

●●●
●●

●●●●●●●●●●●●
●

●●●

●●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●
●●
●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●

●●●●●●●●
●

●
●●●●●

●

●●●

●●●●●●

●

●

●●

●●●●

●

●
●●

●

●●●●●●

●

●●●
●

●

●●●●●●● ●●●●●●
●●

●
● ●●● ●●●● ●
●●

●●●●●●●●●●
●●

●

●●●●●●●●●●●●●●●●●

●●●●●●●●●●●

●●●
●

●●●●●

●

●●●●●●●●●●●●●●●●●●●

●●

●●●●●●●●●●●● ●●●●●●●●●●

●●●●

●●●
●

●●●●●●●●●●●● ●●●●●●●●
● ●

●
●●●●●

● ●●● ● ●●●●●●●●●●●●●●●●●
●●●●●

●●●●●

●
● ●● ●
●●●

●●●●●

●

●
●

●●●●

●
●●

●●●●●●●●●●
●●●●●●●

●●

●●●

●●
●● ●

● ●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●

●

●●

●

● ● ● ●●●●●●●●

●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●
●●●●

●

●●

●

●

●

●●●●●●●●●

●●●●●●●●●●●●●●●●
●●●●●●●●●●

●●●● ●●●

●

●
●●

●●●●●●●●●●●●
●● ●●

●●●●●
●●●●●●

●●●●● ●●●●●●

●●●●●●●●●●

●

●

●●●

●●●●●●●●●●●●●●●●

●●

●

●
●

●●●

●●

●

●●
●

●●

●●●

●
● ●●●●●●●●●

●
●

●
●●●●●●●●●●●●●●●●●

●●●●● ●

●

●

●●●●●

●

●●

●●●

●●●●
●●●●●●●●

● ●●●●●

●●●●●●

●●

●

●●●●●●●●●●●●●●●●

● ●● ●

●

●●
●●●●

●

●●● ●●●●●●●●● ● ● ●●●●●●●●

●●

●

●●●●●
●●●●●● ●●●●●●

●

●●●●●●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●
●●

●
●●●

●●●●●

●
●

●●

●
●
●

●

●
●●●●●●●●●

●
●●●●●●

●●●●●
● ●

●●
●●●●●●● ● ●

●●●

●●●●●●●●●●●●●

●

●
●●●●●●●

●

●●●
●●●●●●●

●●●

●
●

●●●●●●●●●●●●
●●●●● ●●●

●● ●

●
● ●●

●●●●●●●●

●
●

●●●

●●●●●

●●●●●●●●

●●●●

●●●●●●●●●●
●

●

●

●

●

●
●●●

●●

●

●●●●●●●●●●●●●

●●●● ●
●●●●●●●●●●●●●●●●●

●●●

●●●●
●●●●

●●●

●●●●●●●●●●●●●

●●●●●●●●●
●

●●
●●●●●●
●● ● ●● ●●●●

●●●●●●●●●●●●●●●●

●●●●
●

●

●
●●●

● ●●

●●●●
●

●

●●

●●●●
●●●

●●●●●●●●●●
●●●●●● ●●

●

●●●●●●
●●

●●

●●●●●●●●●●●●●●●●●●●●●● ●●●●●●
●

●
●●●●

●●●●●●●●
●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●

●●●●

●

●●
●

●

●●

● ● ● ●●●●●●

●●●●●●●●●●●●

●●● ●●●●●●●●●●●●●●●●●
●

●●●

●●

●●●●●●●●● ●
●●●●

●●●●●

●●●●●●

●●●●●●●●●●●●●●●●●●

●●●

●

●

●●●●●●●●●

●●●●●●●●●●

●

●●
●●

●●●

●

●

●

●

●

●

1 2.5 16 50 84 97.5 99
Normal cumulative probability

IS
O

PO
O

H 
fra

ct
io

n

●

●

●

●

Observations
GC 0.25x0.3125
GC 2x2.5
GC 4x5



Effect	  of	  grid	  resolu7on	  on	  regional	  mean	  concentra7ons	  
is	  small	  

12	  

4x5 2x2.5 0.25x0.3125

−3
.5

−2
.5

−1
.5

−0
.5

Mean	  ozone	  biases	  

pp
b	  
bi
as
	  

4x
5

2x
2.
5

Hours

0.0 0.1 0.2 0.3 0.4 0.5 0.6

NOx	  life7me	  (wrt	  conversion	  to	  HNO3)	  

Days	  

Mean	  PAN	  mixing	  ra7o	  

pp
t	  

DC8 4x5 2x2.5 0.25x0.3125

0
10
0

20
0

30
0


