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Societal	
  development	
  and	
  scien6fic	
  
innova6on	
  result	
  in	
  new	
  challenges	
  
in	
  emissions	
  understanding.	
  

• Dynamic	
  economies	
  
• Changing	
  demographics	
  
• Evolving	
  land	
  use	
  
• Emerging	
  energy	
  sources	
  

• New	
  measurements	
  
• BeRer	
  process	
  descripCons	
  
• Improved	
  models	
  

Mo?va?ons	
  for	
  Understanding	
  Emissions	
  

• Complexity	
  
• Development	
  
• Analysis	
  
• CommunicaCon	
  

Stakeholders	
  and	
  decision-­‐makers	
  have	
  
common	
  requirements	
  for	
  emissions	
  
informa6on,	
  but	
  challenges	
  with	
  
emissions	
  informa6on	
  persist.	
  

• Transparency	
  
• Consistency	
  
• Accuracy	
  
• Timeliness	
  
• Uncertainty	
  

Accurate	
  emissions	
  
informa6on	
  is	
  needed	
  
for	
  many	
  purposes.	
  

• QuanCfy	
  and	
  predict	
  	
  
• Understand	
  changes	
  
• Make	
  choices	
  

This	
  is	
  the	
  Century	
  
of	
  Accountability.	
  
David	
  Fahey	
  

• Evaluate	
  miCgaCon	
  
• Demonstrate	
  
compliance	
  

Ac6ons	
  and	
  
decisions	
  about	
  the	
  
atmosphere	
  focus	
  
on	
  emissions.	
  

Figure	
  courtesy	
  of	
  A.R.	
  Ravishankara	
  



Many	
  Needs	
  for	
  Emissions	
  Informa?on	
  
!  Emissions	
  informa?on	
  addresses	
  mul?ple	
  mandates	
  &	
  serves	
  many	
  uses	
  
!  Scien?fic	
  research	
  one	
  of	
  many	
  consumers	
  of	
  emissions	
  informa?on	
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BoKom-­‐Up	
  Inventory	
  Methods	
  

EX	
  =	
  ΣS	
  [EFX,S	
  "	
  AS	
  " (1	
  –	
  CEX,S)]	
  
Emissions	
  factor	
  =	
  mass	
  of	
  
compound	
  X	
  emiKed	
  by	
  
source	
  S	
  per	
  unit	
  ac6vity	
  

Ac?vity	
  of	
  source	
  S,	
  
e.g.,	
  amount	
  of	
  fuel	
  
burned	
  

Effec?veness	
  of	
  control	
  
measures	
  for	
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X	
  at	
  source	
  S	
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Calculated	
  for…	
  
Specific	
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Specific	
  6me	
  
Also	
  need…	
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  varia6on	
  
Specia6on	
  

Example:	
  On-­‐road	
  motor	
  vehicles	
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Inventories	
  are	
  
necessary,	
  …	
  
•  Connect	
  disciplines	
  
•  High	
  granularity	
  
•  Comprehensive	
  view	
  
•  Quan6fy	
  changes	
  
•  Key	
  model	
  inputs	
  
•  Predic6on	
  
•  Decision-­‐making	
  

•  Complexity	
  
•  Insufficient	
  data	
  
•  Long,	
  costly	
  development	
  cycle	
  
•  Diverse	
  data	
  providers	
  
•  Proprietary	
  data	
  
•  Inconsistencies	
  
•  Uncertain6es	
  
•  Analysis	
  and	
  evalua6on	
  
•  Transparency	
  	
  
•  Access	
  	
  
•  Communica6on	
  
•  Educa6on	
  

but	
  they	
  have	
  many	
  
challenges	
  



Challenge:	
  Explaining	
  Observed	
  Composi?on	
  

Parrish	
  et	
  al.	
  (2012)	
  

Cooper	
  et	
  al.	
  (2012)	
  

Zugspitze,	
  Jungfraujoch,	
  
Sonnblick	
  

Western	
  US	
  

Eastern	
  US	
  

Do	
  observed	
  changes	
  in	
  atmospheric	
  composi6on	
  result	
  from	
  emissions	
  changes?	
  

Logan	
  et	
  al.	
  
(2012)	
  



Challenge:	
  Modeling	
  Composi?on	
  &	
  Climate	
  

Young	
  et	
  al.	
  (2013)	
  

Troposphere	
  ozone	
  column	
  difference	
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Fig. 5. Evolution of tropospheric ozone RF (mWm�2), 1750–2100.
For 1750–1850, we show the estimate of Skeie et al. (2011). For
1850–2000 (black line), we showMMMvalues for all available AC-
CMIP timeslices. For 2000–2100, the four RCP scenarios are shown
in different colours, using values at 2030 and 2100 only. Estimated
uncertainties of ±30% on all values are indicated by the grey shad-
ing, bounded by dotted coloured lines. Values have been scaled to
the average of the MASKZMT and MASK150 tropopauses, and the
three radiation schemes used (Edwards-Slingo, Oslo, and NCAR).

3.2 Other simulations

Several models ran time slice simulations covering several
intervening decades between the 1850s and 2000s, and also
for the four future Representative Concentration Pathway
scenarios (RCP2.6, RCP4.5, RCP6.0 and RCP8.5) (Table 1).
Young et al. (2013) provide details of the changes in surface
and tropospheric ozone from these simulations. Here, we
use spatially resolved annual mean changes in tropospheric
column ozone, and convolve these together with individual
model’s normalised ozone RFs (Fig. S2), to estimate the RF
for each timeslice experiment relative to the 1850s (Fig. 5).
A subset of these results (for the 1980s, 2000s, 2030s and
2100s) is also presented in Table 12. Seasonal variations in
both column changes and normalised RFs are not accounted
for, and this indirect method of calculating RFs also as-
sumes that the normalised ozone RF for 1850s–2000s does
not change with time; i.e. that the shape of the change in
ozone vertical profile is temporally invariant. We consider
that these approximations introduce only small errors in the
estimates of ozone RF presented in Fig. 5 and Table 12.
Table 12 also shows mean values for selected time peri-

ods, constructed in three different ways: (i) using all avail-
able models for a given time slice; (ii) just using the four
models (F, G, K and N) that ran all of the timeslices in Ta-
ble 12; and (iii) using a subset of ten models (A, B, F, G, K,
L, M, N, O and P) that ran all the time slices except those
for RCP4.5 and RCP6.0. Comparing the mean values cal-
culated by these different methods shows that there is little

Table 9. Emission-based RFs (for 1850s–2000s) (via changes in
CO2, CH4 and tropospheric ozone) for emitted CH4, NOx, CO,
and NMVOC, based on the mean response of the six models that
conducted the attribution experiments (cf. IPCC-AR4 Table 2.13).

Radiative forcing (mW m�2) via:

Emission CO2 CH4 O3 CO2+CH4+O3

CH4 18 533 166 717
NOx �312 119 �193
CO 87 57 58 202
NMVOC 33 22 35 90
Other factorsc 127 0 127
Total: 138 427a 378b 943

a The total methane RF is constrained to be 427mWm�2 by the observed
increase in CH4 concentrations from the 1850s (791 ppb) to 2000s (1751 ppb),
as prescribed in the models. This is then used with the other components to
infer the RF due to “other factorsc”
(127= 427� 533+ 312� 57� 22mWm�2).
b The mean value for these models for the total O3 RF for 1850s–2000s is
378mWm�2, which indicates that no other factors are required to explain the
O3 RF.c The “other factors” not estimated in our attribution experiments include: (i)
non-linear interactions between emissions (i.e. simple linear addition of the
effects of individual species misses interactions that occur when species
change together); and (ii) changes in the value of f between the 1850s and
2000s.

influence on the overall results (the maximum deviation is
24mWm�2, or ⇠ 10%, for RCP6.0 in 2100) of the variable
model coverage of different timeslices.

3.3 Experiments that isolate the climate change
component

Most models performed the core 1850s and 2000s experi-
ments with driving climates appropriate for these decades
(Table 1). In addition, 10 models carried out sensitivity ex-
periments with 2000s emissions, but driven by 1850s cli-
mate. Most of these models also performed similar exper-
iments, but driven by 2030s and 2100s climates (RCP8.5).
By comparing runs with the same emissions, but different
climates, we can diagnose the impact of climate change on
tropospheric ozone. Figure 6 shows the impact of climate
change on ozone, for the multi-model mean of the eight mod-
els that performed all of the above experiments. Figure S7
shows results for individual models.
Modelled tropospheric ozone shows a range of responses

to climate change. The largest overall response is seen in
models G and H (the two GISS versions), where climate
change is the main driver of the SH decreases in ozone
seen in these models (Fig. S1). In these GISS integrations,
the stratosphere also changes, so it is unclear if it is strato-
spheric change or climate change that is driving the SH de-
creases. The other model with large decreases in SH ozone
(M), also changes its stratosphere in its climate change ex-
periments, however the climate change experiment does not
produce the large SH decrease seen in the standard 1850s–

Atmos. Chem. Phys., 13, 3063–3085, 2013 www.atmos-chem-phys.net/13/3063/2013/
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•  Models	
  are	
  not	
  able	
  to	
  simulate	
  
observed	
  composi6on	
  trends	
  and	
  
distribu6ons	
  	
  

•  Emissions	
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  significant	
  
por6on	
  of	
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Global	
  Emissions	
  Ini?A?ve	
  

GEIA	
  Mission	
  
GEIA	
  is	
  a	
  global	
  community	
  ini6a6ve	
  that	
  builds	
  
bridges	
  between	
  environmental	
  science	
  and	
  policy,	
  by	
  
bringing	
  together	
  people,	
  data,	
  and	
  tools	
  to	
  create	
  
and	
  communicate	
  the	
  highest	
  quality	
  informa6on	
  
about	
  emissions	
  to	
  stakeholders	
  and	
  decision-­‐makers.	
  	
  

hKp://www.geiacenter.org/	
  



GEIA	
  Vision	
  
By	
  2020,	
  GEIA	
  will	
  be	
  a	
  key	
  forum	
  for	
  emissions	
  knowledge	
  that	
  serves	
  
stakeholders	
  and	
  decision-­‐makers	
  in	
  a	
  rapidly	
  evolving	
  global	
  society.	
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  of	
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processes	
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access	
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emissions	
  
informaCon	
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GEIA	
  Leadership	
  Team	
  
Co-­‐Chairs:	
  Gregory	
  Frost,	
  Leonor	
  Tarrasón	
  
Database	
  Manager:	
  Claire	
  Granier	
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  Manager:	
  PauleKe	
  Middleton	
  

GEIA	
  Network	
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GEIA	
  History	
  
Guiding	
  programs	
  
•  Formed	
  in	
  1990	
  under	
  IGBP/IGAC	
  
•  Connec6ons	
  developed	
  with	
  other	
  IGBP	
  ac6vi6es	
  (iLEAPS,	
  AIMES)	
  
Original	
  goal	
  
•  Develop	
  one	
  “best”	
  inventory	
  for	
  anthropogenic	
  &	
  biogenic	
  

sources:	
  “GEIA	
  inventory”	
  
Evolving	
  goals	
  
•  Enhance	
  access	
  to	
  available	
  emissions	
  data	
  
•  Standardize	
  formats	
  and	
  documenta6on	
  
•  Facilitate	
  analyses	
  of	
  emissions	
  data	
  
•  Build	
  emissions	
  community	
  
Chairs	
  
•  T.	
  Graedel:	
  1990-­‐1996	
  
•  G.	
  Marland:	
  1996-­‐1998	
  
•  J.	
  Olivier	
  &	
  D.	
  Cunnold:	
  1998-­‐2004	
  	
  
•  A.	
  Guenther	
  &	
  C.	
  Granier:	
  2005-­‐2011	
  
•  G.	
  Frost	
  &	
  L.	
  Tarrasón:	
  2012-­‐present	
  

hKp://www.geiacenter.org/	
  



•  New	
  vision:	
  Frost	
  et	
  al.	
  (2013)	
  
•  New	
  web	
  site:	
  hKp://www.geiacenter.org/	
  
•  Improved	
  data	
  access/visualiza6on	
  plaxorm	
  
•  Emissions	
  data	
  for	
  research	
  &	
  assessment	
  ac6vi6es	
  
•  Sessions	
  at	
  conferences	
  (AGU,	
  etc)	
  
•  China	
  Emissions	
  Working	
  Group	
  
•  Interdisciplinary	
  Biomass	
  Burning	
  Ini6a6ve	
  
•  VOC	
  Specia6on	
  Working	
  Group	
  	
  
•  2014	
  GEIA	
  Conference	
  in	
  Boulder	
  
•  Community	
  historical	
  global	
  emissions	
  effort	
  

Some	
  Recent	
  GEIA	
  Ac?vi?es	
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Process	
  
Understanding	
  

Informa6on	
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Outreach	
  

Analysis	
  

Access	
  	
   Community	
  	
  



ECCAD	
  =	
  Emissions	
  of	
  atmospheric	
  Compounds	
  &	
  
Compila?on	
  of	
  Ancillary	
  Data	
  	
  	
  

GEIA’s	
  emissions	
  database	
  and	
  visualizaCon/analysis	
  plaborm	
  

Global	
  
Inventories	
  

Regional	
  
Inventories	
  

Ancillary	
  
Datasets	
  

hKp://pole-­‐ether.fr/eccad	
  	
  



Temporal	
  varia6on	
  of	
  na6onal	
  emissions	
  

Total	
  emiKed	
  for	
  different	
  regions	
   Ancillary	
  data	
  

Examples	
  of	
  ECCAD	
  tools	
  

Currently	
  under	
  development:	
  maps	
  of	
  comparison	
  calculaCons,	
  scaRer	
  plots	
  

Visualiza6on	
  of	
  emissions	
  maps	
  

Limita?ons	
  of	
  ECCAD-­‐1:	
  resolu6on,	
  download	
  system,	
  data	
  selec6on	
  

hKp://pole-­‐ether.fr/eccad	
  	
  



ECCAD-­‐2	
  Pla]orm	
  Under	
  Development	
  
Thanks	
  to	
  US	
  EPA!	
  	
  hKp://eccad2.sedoo.fr/interface/	
  	
  

•  Any	
  lat/lon	
  resolu6on	
  
•  Country-­‐level	
  data	
  (summer	
  2014)	
  
•  Adapted	
  to	
  interoperability	
  
•  Detailed	
  metadata,	
  documenta6on	
  
•  Regrid	
  to	
  any	
  lat/lon	
  grid	
  
•  HTAPv2	
  currently	
  available;	
  other	
  

datasets	
  to	
  be	
  added	
  soon	
  

HTAPv2	
  2008	
  total	
  NOx	
  emissions	
  

HTAPv2	
  2008	
  total	
  
NOx	
  emissions	
  



China	
  Emissions	
  Working	
  Group	
  

East	
  Asian	
  
Emissions	
  
Assessment	
  



Conference	
  Objec?ve	
  
Explore	
  role	
  of	
  emissions	
  as	
  crucial	
  link	
  between	
  scien6fic	
  
innova6on	
  and	
  societal	
  development	
  	
  
Intended	
  Audience	
  
•  Emissions	
  informa6on	
  developers	
  and	
  users	
  	
  
•  Research,	
  regulatory,	
  policy,	
  and	
  assessment	
  communi6es	
  

16th	
  GEIA	
  Conference	
  
Bridging	
  Emissions	
  Science	
  and	
  Policy	
  

Boulder	
  FlaCrons	
  

Conference	
  LocaCon:	
  NCAR	
  Center	
  Green	
  

Program,	
  registra?on,	
  etc.	
  
available	
  at	
  

www.geiacenter.org	
  

10-­‐11	
  June	
  2014	
  
Na=onal	
  Center	
  for	
  

Atmospheric	
  Research	
  
Boulder,	
  Colorado,	
  USA	
  



Update	
  of	
  Granier	
  et	
  al.	
  including	
  recent	
  inventories	
  (in	
  preparaCon)	
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New	
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Atmospheric	
  observa6ons	
  measure	
  
abundance	
  of	
  cons6tuent	
  and	
  quan6fy	
  
spa6al	
  and	
  temporal	
  variability	
  
Models	
  translate	
  between	
  atmospheric	
  
abundance	
  and	
  emission	
  flux	
  	
  
Quan6fy:	
  
•  Interannual	
  trends	
  	
  
•  Day-­‐of-­‐week	
  variability	
  
•  Sector	
  par66oning	
  
•  Total	
  emissions	
  
Compare	
  to	
  boKom-­‐up	
  inventories	
  
Uncertain6es	
  usually	
  quan6fiable	
  

Top-­‐Down	
  Emissions	
  Evalua?ons	
  



Examples	
  of	
  Top-­‐Down	
  Emissions	
  Evalua?ons	
  
Pollutants	
  relevant	
  to	
  air	
  quality	
  &	
  climate	
  
•  NOx,	
  SO2,	
  CO,	
  VOCs,	
  CO2,	
  CH4	
  

Mul6ple	
  species	
  #	
  source	
  “fingerprint”	
  
Examine	
  US	
  emissions	
  sectors:	
  
•  Power	
  plants	
  	
  
•  Urban	
  areas/motor	
  vehicles	
  	
  
•  Oil/natural	
  gas	
  produc6on	
  &	
  distribu6on	
  
Examples	
  from	
  NOAA/CU	
  research	
  



Power	
  Plant	
  Emissions	
  Trends	
  -­‐	
  Aircrad	
  Sampling	
  

Aircrad	
  plume	
  
sampling	
  

CorrelaCon	
  plot	
  
slope	
  fit	
  

Parish	
  PP	
  
2000	
  
2006	
  

Aircrad	
  data	
  before	
  
&	
  ader	
  NOx	
  controls	
  

Mon6cello	
  power	
  plant	
  (TX),	
  9/16/06	
  

CEMS	
  -­‐	
  aircrad	
  comparison	
  

Peischl	
  et	
  al.	
  (2010)	
  

Aircra}	
  sampling	
  quan6fies	
  atmospheric	
  
NOx	
  declines	
  downwind	
  of	
  power	
  plants	
  

Confirma6on	
  of	
  in-­‐stack	
  monitoring	
  (CEMS)	
  



Power	
  Plant	
  Emissions	
  Trends	
  –	
  Satellites	
  

Kim	
  et	
  al.	
  (2006)	
  

	
  	
  Ohio	
  River	
  Valley:	
  Satellite	
  
	
  	
  Ohio	
  River	
  Valley:	
  Inventory	
  
	
  	
  Northeast	
  US:	
  Satellite	
  
	
  	
  Northeast	
  US:	
  Inventory	
  

SCIAMACHY	
  tropospheric	
  NO2	
  	
  	
  	
  	
  
ver=cal	
  columns,	
  summer	
  2004	
  mean	
  

Satellite	
  column	
  NO2	
  retrievals	
  map	
  point	
  
and	
  urban	
  sources	
  

Satellite	
  NO2	
  column	
  trends	
  show	
  impacts	
  of	
  
NOx	
  controls	
  on	
  US	
  power	
  plants	
  

Confirma6on	
  of	
  in-­‐stack	
  monitoring	
  (CEMS)	
  



Surface,	
  airborne,	
  &	
  satellite	
  observa6ons	
  show	
  
consistency	
  in	
  interannual	
  trends	
  

!  Ambient	
  NOx	
  &	
  VOCs	
  decreasing	
  for	
  50	
  yrs	
  
!  Demonstrates	
  declining	
  motor	
  vehicle	
  

emissions	
  

Urban	
  Interannual	
  Emissions	
  Trends	
  
South	
  Coast	
  Air	
  Basin	
  (Los	
  Angeles)	
  

LAX	
  

Cal	
  
Tech	
  

Ontario	
  

2005	
  

2010	
  

NO2	
  ver6cal	
  column	
  density,	
  1015	
  molec.	
  cm-­‐2	
  

	
  	
  	
  OMI	
  NO2	
  Columns,	
  May-­‐Sept	
  

LAX	
  

Cal	
  
Tech	
  

Ontario	
  

Kim	
  et	
  al.,	
  in	
  prep	
  

Pollack	
  et	
  al.	
  (2013)	
  

Warneke	
  
et	
  al.	
  
(2012)	
  



Urban	
  Day-­‐of-­‐Week	
  Emissions	
  Varia?ons	
  

Weekend	
  
Weekday	
  

CalNex	
  2010	
  
South	
  Coast	
  
Air	
  Basin	
  

Pollack	
  et	
  al.	
  (2012)	
  

BoKom-­‐up	
  &	
  Posterior	
  NOx	
  Flux,	
  kg/s	
  

Brioude	
  et	
  al.	
  (2013)	
  

Surface,	
  airborne,	
  &	
  satellite	
  observa6ons	
  show	
  
consistency	
  in	
  weekend	
  effect:	
  
!  Lower	
  ambient	
  NOx	
  on	
  weekends	
  
!  Atmospheric	
  changes	
  result	
  from	
  lower	
  

weekend	
  NOx	
  emissions	
  
!  Inverse	
  modeling	
  demonstrates	
  which	
  

inventories	
  capture	
  weekend	
  effect	
  



Oil	
  and	
  Natural	
  Gas	
  Produc?on	
  Emissions	
  

0 

5 

10 

2005 2006 2007 2008 2009 2010 2011 

Tg
 C

H
4/y

r 

2010 2011 2012 2013 

Reported	
  2σ	
  
error:	
  20-­‐30%	
  

EPA	
  GHG	
  Inventories	
  for	
  NG	
  Produc?on,	
  2010-­‐2013	
  

US	
  GHG	
  emission	
  inventories	
  for	
  natural	
  
gas	
  produc6on	
  revised	
  frequently	
  

mixing	
  
height	
  
(PBL)	
  

Wind	
  

emissions	
  

Wind	
  

Upwind	
  

Downwind	
  

Aircrad	
  mass	
  balance	
  

Hydrocarbon	
  leak	
  rates	
  inferred	
  from	
  
observa6ons	
  in	
  oil	
  &	
  gas	
  produc6on	
  basins	
  

Inventories	
  
underes6mate	
  
methane	
  leakage	
  from	
  
natural	
  gas	
  produc6on	
  

2012	
  
Uintah	
  Basin,	
  UT	
  
Karion	
  et	
  al.	
  (2013)	
  

2008	
  
Denver-­‐Julesburg	
  Basin,	
  CO	
  

Pétron	
  et	
  al.	
  (2012)	
   2012	
  
Denver-­‐Julesburg	
  Basin,	
  CO	
  

Pétron	
  et	
  al.,	
  in	
  review	
  



Urban	
  CH4	
  Emissions	
  

CalNex	
  2010	
  
Los	
  Angeles	
  Basin	
  

Measured	
  CH4/CO	
  +	
  inventory	
  CO	
  	
  
#	
  Total	
  E(CH4)	
  in	
  LA	
  Basin	
  
Mass	
  balance	
  of	
  E(CH4)	
  
#	
  Validate	
  landfill,	
  dairy	
  inventories	
  
Alkane	
  ra6os	
  	
  
#	
  Par66on	
  source	
  contribu6ons	
  
$  Resolve	
  top-­‐down/boKom-­‐up	
  CH4	
  

discrepancy	
  in	
  LA	
  Basin	
  
$  Raw	
  gas	
  leaks	
  significant	
  CH4	
  sources	
  

(12-­‐17%)	
  

Peischl	
  et	
  al.	
  (2013)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Mul?variate	
  source	
  appor?onment	
  



Summary	
  
•  High	
  quality	
  emissions	
  informa6on	
  is	
  cri6cal	
  to	
  understand	
  
the	
  atmosphere	
  and	
  make	
  good	
  decisions	
  about	
  how	
  to	
  
manage	
  it.	
  

•  BoKom-­‐up	
  inventories	
  are	
  integral	
  to	
  these	
  efforts,	
  but	
  
there	
  are	
  challenges	
  associated	
  with	
  these	
  complex	
  
datasets.	
  

•  GEIA	
  is	
  helping	
  a	
  broad	
  community	
  of	
  scien6sts,	
  regulators,	
  
and	
  policymakers	
  to	
  work	
  together	
  at	
  improving	
  and	
  
communica6ng	
  emissions	
  informa6on.	
  	
  

•  Atmospheric	
  observa6ons	
  and	
  modeling	
  provide	
  objec6ve	
  
approaches	
  for	
  improving	
  emissions	
  understanding.	
  

•  Top-­‐down	
  methods	
  have	
  been	
  successful	
  at	
  quan6fying	
  
emissions	
  across	
  regions,	
  between	
  sectors,	
  and	
  over	
  6me.	
  



Some	
  Future	
  Direc?ons	
  
•  Long-­‐term	
  trends	
  
•  Fine	
  temporal	
  scales	
  
•  Spa6al	
  alloca6on	
  
•  Specia6on	
  
•  Inverse	
  approaches	
  
•  Satellite	
  data	
  
•  Energy	
  produc6on	
  
•  Biogenic	
  emissions	
  
•  Wildfires,	
  trash	
  burning	
  
•  Historic	
  inventory	
  system	
  
•  Regional	
  working	
  groups	
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Separa?ng	
  Mixed	
  Source	
  Sectors	
  
Houston	
  and	
  Dallas,	
  TexAQS	
  2006	
  

Aircra}	
  measurements	
  
enable	
  spa6al	
  
separa6on	
  of	
  sources	
  	
  
!  Evaluate	
  sectoral	
  

par66oning	
  
! Observa6ons	
  &	
  

models	
  consistent	
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