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Overview

Web-based tools for emissions inventory
review and QA

On-the-fly aggregations across emissions
sectors, pollutants, geographic regions

Dynamic charts and GIS capabilities
Metadata overlays

Potential applications in emissions inventory
development, QA, and validation for air
qguality modeling studies



Outline

Display tool for 2014 NEIv2 (see also EPA NEI
Report Dashboard?)

Review tool for 2016 Inventory Collaborative
emissions modeling platform (includes 2011,
2014 and 2016 base years and projections)

Inventory development (e.g. 2017 NEI)

Research applications (e.g. NPS air quality
modeling study on reduced N impacts)



Emissions Inventory Data

Bottom—up (NEI)

Modeling platform inputs (point and area sources)

SMOKE processed emissions (county level reports, gridded inputs
for AQ models)

EPA summary data for 2014 NEIv2 includes El sectors, process, CAPs
and HAPs

2014 NEI derivative datasets for AQ modeling (e.g. 2016 Inventory
Collaborative)

Tools presented here focus on US national and regional modeling
applications

Top—down (Satellite)

|ASI (MetOp-A,B), TES (Aura), CrlIS (JPSS), AIRS (Aqua)

Applications shown here focus on retrievals from microwave
sounders onboard polar orbiting satellites
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® 2014 NEIv2

modeling inputs

* FF10 point and
area sources

* Modeled inputs
(biogenics, fires,
mobile sources)
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Implementation:

2014 NEIv2 Review

¢ SQL database

e County level reports
e Pollutants

* Modeling sectors

e El sector

* Process level

e SCC

e AJAX db calls,
JavaScript Ul

ata Source

o

00
¢ Dashboard
¢ Charts
* Maps
J

* 2014 NIEv2 EPA summary data2. Tool access through OGEC Information Repository,
http://vibe.cira.colostate.edu/ogec/Emissions/2014NEIv2



http://vibe.cira.colostate.edu/ogec/Emissions/2014NEIv2

2014 NEIv2 Review

Emissions Inventory Charting Tool

A visualization tool for EPA's 2014 NEIv2 summary data. Any combination of pollutants and emissions sectors can be displayed on the chart, and state or
county map. The maps allow for drilldown to individual state or county data in the chart view. Underlying data for the maps and charts is shown in tabular
format. More information on the emissions inventory charting tool is available here. Source data are EPA's county_tribe_allsector® data files.
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2014 NEIv2 Review

Emissions Inventory Charting Tool

A visualization tool for EPA's 2014 NEIv2Z summary data. Any combination of pollutants and emissions sectors can be displayed on the chart, and state or
county map. The maps allow for drilldown to individual state or county data in the chart view. Underlying data for the maps and charts is shown in tabular
format. More information on the emissions inventory charting tool is available here. Source data are EPA's county_tribe_allsector#® data files.
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Emissions Inventory Charting Tool

2014 NEIv2 Review

A visualization tool for EPA's 2014 NEIv2 summary data. Any combination of pollutants and emissions sectors can be displayed on the chart, and state or
county map. The maps allow for drilldown to individual state or county data in the chart view. Underlying data for the maps and charts is shown in tabular
format. More information on the emissions inventory charting tool is available here. Source data are EPA's county_tribe_allsector& data files.
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2014 NEIv2 Review

Emissions Inventory Charting Tool

A visualization tool for EPA's 2014 NEIv2Z summary data. Any combination of pollutants and emissions sectors can be displayed on the chart, and state or
county map. The maps allow for drilldown to individual state or county data in the chart view. Underlying data for the maps and charts is shown in tabular
format. More information on the emissions inventory charting tool is available here. Source data are EPA's county_tribe_allsector# data files.
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Case Study: Industrial Oil & Gas Production Sector. The pie charts show the contribution of HAPs in
inventories from three oil & gas basins. Note the difference in chemical composition, with high
aldehydes contributions in Eagle Ford Shale, and BTEX compounds in the Bakken and North Slope.

2014 NEIv2 Annual Emissions Totals

Pollutants: Multiple Pollutants; Sectors: Industrial Processes - Qil & Gas Production
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0

McKenzie County Emissions by Pollutant
Sectors: Industrial Processes - Qil & Gas Production (8.48e+6 |bs/yr)

North Dakota
Bakken

Hexane: 0.2 %
Propionaldehyde: 0.1 %
Acetaldehyde: 1.1 %

Acetaldehyde: 0.0 %
Formaldehyde: 0.1 %

North Slope

Ethyl Benzene: 1.3 %
Toluene: 14.7 %

Xylenes (Mixed Isomers): 55.7 %
Benzene: 28.1 %

Highcharts.com

250k Ethyl Benzene: 1.7 %
| r == I Xylenes (Mixed Isomers): 14.8 % Benzene: 36.9 %
\ ﬁ & 500k
. .‘ A
¢ : 5 "
[ -4 750k Formaldehyde: 21.7 %
,='.'.. migw P . o
E:II e '-l‘-uu'." !
| TSRS S St 1 000k
)
i LS W
. -
™ Toluene: 23.3 %
-~ -«
Highcharts.com © USA Census Bureau Highcharts.com
North Slope County Emissions by Pollutant Webb County Emissions by Pollutant
Sectors: Industrial Processes - Oil & Gas Production (2.04e+7 Ibs/yr) Sectors: Industrial Processes - Oil & Gas Production (1.85e+6 Ibs/yr)
Alaska Texas

Ethyl Benzene: 1.8 % SW Eagle FO rd
Hexane: 2.0 %
Methanol: 3.1 %
Acrolein: 3.3 %
Xylenes (Mixed Isomers): 6.8 %

Acetaldehyde: 6.9 %
Formaldehyde: 51.7 %

Toluene: 11.3 %

Benzene: 11.3 %

Highcharts.com




Inventory Collaborative

-

\
¢ 2014 NEIv2

modeling inputs
¢ Adjusted with
2016 met and
emissions
projections

N

“

Implementation:

e County level reports
e Pollutants

e AQ modeling
emissions input

r
\_ sectors

-
¢ SQL database

* JSON file
® Google Sheets

e AJAX db calls,
JavaScript Ul

e 2016 EMP Tool access on LADCO website
https://www.ladco.org/technical/modeling-results/2016-inventory-collaborative/

N

~

—

-

W

¢ Dashboard
e Charts

* Maps

e Platform &

scenario
comparisons
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https://www.ladco.org/technical/modeling-results/2016-inventory-collaborative/

Inventory Collaborative

Emissions Inventories - 2016 EMP

This site displays emissions inventories developed by the Inventory Caollaborative for the 2016 Emissions Modeling Platform (EMP). Select emissions secters, pollutants and

modeling platforms/scenarios, then press the Update button to refresh the charts and map. The tab name for the bar charts below indicates the respective chart’'s x-axis. The map
shows either state or county emissicns totals for a single platform or platform comparison. The 2016 beta platform base and future year reflect county level SMOKE reports updated

on 04 April 2019. Modeling platform descriptions and instructions for using this tool are available here. Note: Biogenics are not included in beta scenarios 2023ff and 2028ff.
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refresh the chart and map views.

The buttons below update the charts and map without pressing the "Update” button.
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Inventory Collaborative

Emissions Inventories - 2016 EMP

This site displays emissions inventories developed by the Inventory Collaborative for the 2016 Emissions Modeling Platform (EMP). Select emissions sectors, pollutants and
modeling platforms/scenarios, then press the Update button to refresh the charts and map. The tab name for the bar charts below indicates the respective chart’s x-axis. The map
shows either state or county emissions totals for a single platform or platform comparison. The 2016 beta platform base and future year reflect county level SMOKE reports updated
on 04 April 2019. Modeling platform descriptions and instructions for using this tool are available here. Note: Biogenics are not included in beta scenarios 2023ff and 2028ff.
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Sectors - 16 Pollutants - 7 Platforms/Scenarios Comparisons Map Display

afdust cO 2011v6.3 2016ff-2011en Filter Results by Region
ag NH3 2011en 2016ff-20141d | [ UsA :
beis NOX 2023en 2016fe-2014fd
cmv_cic2 PM10-FRI 2028e| 2016ff-2016fe
cmv_::& 2’6’1;5'5’“' 2014 NATA gggg:gg:g: If the "Update” button is colored red, press it to
z1nfp) 2014fd ) Updateé | efresh the chart and map views
nonroad VOC 2016 alpha 2023ff-2023en P Views.
np_oilgas 2016fe 2028ff-2028el
onroad 2016 beta The buttons below update the charts and map without pressing the "Update” button.
pt_oilgas 2016ff )
ptagfire 2023ff Charts: Sum by @ Sectors ) Pollutants
ntenn
Salect A ] Clear A ] 2028ff Tip: Click on a chart series legend item to add/remove the series from the chart.
Parameter Platform State County
Platform

Dashboard

e Sectors: All anthro.

e Pollutants: CAPs

* Scenarios: 2011, 2014,
2016 beta Region: US

 Aggregation: by sector

USA Annual Emissions Totals by Pollutant
Sectors: Multiple Sectors

100M

Total Emissions (tons fyr)

25M

2011en 2023en 2028el 2014fd 2016ff 2023ff 2028ff

® co NH3 NOX @ PM10-PRI PM25-PRI @ S02 @ VOC



Inventory Collaborative

Parameters Platforms Region
Sectors - 16 Pollutants - 7 Platforms/Scenarios Comparisons Map Display
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Parameters

Sectors - 16 Pollutants - 7

Inventory Collaborative

Platforms

Platforms/Scenarios Comparisons
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Inventory Collaborative

Parameters Platforms
Sectors - 16 Pollutants - 7 Platforms/Scenarios
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Inventory Collaborative

Parameter Platform State County
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Interactive metadata

Tip: Click on a chart series legend item to add/remove the series from the chart.
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Inventory Collaborative

Parameter Platform State County
200M
= 150M
: ]
Vi
=
E I
: L]
c
S 100M
m I
E
(¥}
=
(=]
T som — ;
I —
0
201len 2023en
@ afdust ® ag ® cmv_clc2
® ptegu ptfire @ ptnonipm
Feature

Interactive metadata

Tip: Click on a chart series legend item to add/remove the series from the chart.
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Inventory Collaborative

Parameter Platform State

County

Tip: Click on a state (on the map, below) to display emissions totals for the selected state. The
selected state also updates the county chart.

State Platforms: 2011en, 2023en, 2028el, 2014fd, 2016fe, 2016ff, 2023ff, 2028ff
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Inventory Collaborative

Tip: Click on a state (on the map, below) to display emissions totals for the selected state. The

Parameter Platform State County selected state also updates the county chart.

State Platforms: 2011en, 2023en, 2028el, 2014fd, 2016fe, 2016ff, 2023ff, 2028ff
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Feature
e State drill down
* Sum by sector

Texas Annual Emissions Totals by Pollutant
Sectors: Multiple Sectors
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Inventory Collaborative

M Map: States ( Counties @ Units: ) tons/yr @ tons/yr/km2 Labels: on - off
Map Map Range () Data Range: Min: 0 to Max: 2474
+ 2016ff Annual Emissions Totals by County —
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Inventory Collaborative
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Inventory Collaborative

Tip: Click on a county or state (from the state or county map, below) to display county level
Parameter Platform State County emissions for that state. Click on a county(from the county map) to show emissions for the selected
county. The county chart is refreshed by a map selection (not the "Update" button).

County

Platforms: 2011en, 2023en, 2028el, 20141d, 2016fe, 2016ff, 2023ff, 2028ff

Tarrant County, Texas, Annual Emissions Totals by Sector
Pollutants: Multiple Pollutants

350k

300k

250k

200k

150k

Teotal Emissions (tons fyr)

100k

50k

2011en 2023en 2028el 2014fd 2016fe 2016ff 2023ff 2028ff

® afdust @ ag nonpt nonroad np_oilgas @ onroad pt_oilgas @ ptagfire @ ptegu ptfire @ ptnonipm @ rail rwc

Feature
* County level drill down
*  Sum by pollutant 23



Inventory Collaborative

Tip: Click on a county or state (from the state or county map, below) to display county level
Parameter Platform State County emissions for that state. Click on a county(from the county map) to show emissians for the selected
county. The county chart is refreshed by a map selection (not the "Update" button).

County

Platforms: 2011en, 2023en, 2028el, 2014fd, 2016fe, 2016ff, 2023ff, 2028

Tarrant County, Texas, Annual Emissions Totals by Pollutant
Sectors: Multiple Sectors

350k

300k

250k

200k

150k

Total Emissions (tons /yr)

100k

50k

2011en 2023en 2028el 2014fd 2016fe 2016ff 2023ff 202 8ff

® co NH3 @ NOX @ PM10-PRI PM25-PRI @ 502 @ vOC

Feature
* County level drill down
* Sum by sector 24



Inventory Collaborative

Map Map: States ) Counties '@ Units: ' tonsiyr '® tons/yr/km2 Labels: ' on off

Map Map Range . Data Range: Min: -643.58 to Max: 5.28

4 2016ff-2014fd Annual Emissions Totals by County —
o Pollutants: Multiple Pollutants; Secrors: nonroad, onroad
= 4
i
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* Mobile sources
* Platform comparison 2016-2014 (base) -



Inventory Collaborative

Parameter Platform State County

County Platforms: 2016ff-2014fd

Total Emissions (tons /yr)

40k

20k

-20k

Texas Annual Emissions Totals by Sector
Pollutants: Multiple Pollutants

Tip: Click on a county or state (from the state or county map, below) to display county level

emissions for that state. Click on a county(from the county map) to show emissions for the selected
county. The county chart is refreshed by a map selection (not the "Update" button).

Tarrant Co
2016ff-2014fd
nonroad: 12 900.34
Total: 12900.34

Platform comparison (2016-2014)
Mobile sources

nonroad

@ onroad

26



Inventory Collaborative

Map Map: States O Counties ® Units: © tonsiyr ® tons/yr/km2 Labels: ' ' on '® off
Map Map Range @ @ Data Range: Min: 0 to Max: 219.5
+ 2016ff Annual Emissions Totals by County =
_ Pollutants: Multiple Pollutants; Sectars: beis
tons /yr/km2

IZD

15

| e
(%]

e Biogenics emissions density
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Inventory Collaborative

Tip: Click on a state (on the map, below) to display emissions totals for the selected state. The

selected state also updates the county char.

State County

Platform

Parameter

Platforms: 2016ff

State

USA Annual Emissions Totals by Pollutant

beis

Sectors:

I

1

N

I
= = =
[£=] - [}

(LAJSUDT) SUDISEILLT |B10]

NOX @ VOC

@® co

Biogenic pollutants by state
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Inventory Collaborative

Map Map: States ) Counties @ Units: O tonsiyr ® tonsfyr/km2 Labels: " on * off
Map Map Range @) @ Data Range: Min: 0 to Max: 45.8
& 2016ff Annual Emissions Totals by County =
o Pollutants: MH3; Sectors: Multiple Sectors
tons fyr/km2

I 4

g

NH3 emissions density
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Inventory Collaborative

Map Map: States © Counties @ Units: © tonsiyr ® tons/yr/km2 Labels: ' 'on * off
Map Map Range & e Data Range: Min: -7.72 to Max: 1.92
3 2016ff-2014fd Annual Emissions Totals by County =
_ Pollutants: NH3; Sectors: Multiple Sectors
o
tons /yr/km2 r

1
[=]
L
'l
"
ms
4

T

38
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Inventory Collaborative

Tip: Click on a state {on the map, below) to display emissions totals for the selected state. The
Parameter Platform State County selected state also updates the county chart.

State  riatrorms: 201620141

AQ Planning Organizations Annual Emissions Totals by Sector
Pollutants: NOX, VOC

200k

100k

-100k

-200k

Total Emissions (tons/fyr)

-300k
-400k
CENRAP LADCO Northeast SESARM WRAP

np_oilgas pt_oilgas

* 03 precursors by AQPO
* Oil & gas sectors
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M a p Map Range

Inventory Collaborative

Map: States 0 Counties @© Units: © tons/yr ® tonsiyrikm?2

Data Range: Min: -14.3 to Max: 16.3

Labels:

on

off

2016ff-2014fd Annual Emissions Totals by County

+
— Pollutants: NOX, VOC; Sectors: np_ocilgas, pt_oilgas
y%
tons /yr/km2
l 2
A
1 ,.-. . ¢ 3
] X
0 '--.=.'.=
‘ u, — e
_] .. - ‘-
I _3 -y - iy
2 L i
¥ <,
b
* 03 precursors by county
* QOil & gas sectors
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Inventory Collaborative

Map Map: States ' Counties ® Units: ' tonsiyr ® tonsfyrkm2 Labels: on off
Map Map Range - @ Data Range: Min: -5.56 to Max: 0.49
4 2016ff-2014fd Annual Emissions Totals by County =
_ Pollutants: NOX, VOC; Sectors: np_oilgas, pt_oilgas
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* 03 precursors by county
* Oil & gas sectors
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Inventory Collaborative

Ma P

M d p Map Range

Map: States ) Counties @ Units: O tonsiyr @ tons/yr/km2 Labels: ' on *® off

- @ Data Range: Min: -5.56 to Max: 0.49
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2016ff-2014fd Annual Emissions Totals by County

Pollutants: NOX, VOC; Sectors: np_oilgas, pt_ocilgas
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Inventory Collaborative

M a p Map Range

Map: States O Counties @ Units: O tonsiyr @ tonsfyrikm2

- @ Data Range: Min: -5.56 to Max: 0.49

Labels: on off

+
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2016ff-2014fd Annual Emissions Totals by County

Pollutants: NOX, VOC; Sectors: np_oilgas, pt_ocilgas
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Inventory Collaborative

Tip: Click on a state {on the map, below) to display emissions totals for the selected state. The
Parameter Platform State County selected state also updates the county chart.

State  riatrorms: 201620141

LADCO Annual Emissions Totals by Sector
Pollutants: NOX, VOC
100k
75k

50k

Total Emissions (tons/yr)

llinois Indiana Michigan Minnesota Ohio Wisconsin

np_oilgas pt_oilgas

* O3 precursors
* Oil & gas sectors
* LADCO states 36



Inventory Collaborative

Map Map: States O Counties ® Units: ) tonsfyr @ tons/yrkm2 Labels:  on ' off
Map Map Range @@ - Data Range: Min: -3.3 to Max: 16.3
" 2016ff-2014fd Annual Emissions Totals by County =
_ Pollutants: NOX, VOC; Sectors: np_oilgas, pt_ocilgas
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Inventory Collaborative

Map: States ) Counties @ Units: O tonsiyr ® tons/yrikm2 L

- Data Range: Min: -3.3 to Max: 16.3
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2016ff-2014fd Annual Emissions Totals by County

+
_ Pollutants: NOX, VOC; Sectors: np_oilgas, pt_oilgas
_— 1T -~ RO
Knox Livingston Iroquois ‘White Cass Auglaize i Coshe
Henderson Peoria Crant Jay Shelby Union |
Tazewell Mclean Tippecance Doy Champaign e Muski
Madison
tons fyr{km2 Hancock Fur:'" - Clark Fairfield
10 lason De WittEhampaign Montgomery W
I Schuyler an I Hancock . Momgomen . Hocking
i F
Adams Brown Cass Macon Parke Hendricks ybii Clinton Ross
- Edgar Shelby Butler
dngamon Moultrie Morgan Highland M
5 Pike Shelby Vigo Decatur Hamilton Pike Jackson
Clark Mo Ripley Erown o Gallia
Greene  Montgomery Jennings  Ohio i)
Creene
Calhoun G ] Jackson
Fayette Jefferson
0 - Martin
Madison ) Clay '(nox Orange Clark
Clinton T Duboi
I St. Clair Wayne | g %% Hamison
5 \ Jefferson g
Monroe | White Spencer
Randolph Franklin
Jackson Saline
Union Pope
Alexander
* O3 precursors
* Oil & gas sectors
38

* LADCO counties




Emissions Inventory Development

~—

e State inputs D t S e ™~
e Emissions factors dla >ource e Dashboard
* Modeled inputs (EPA) * Charts
* Maps
C C O = ° MS Access L4 EI faCtOI’S
. o ; e Comparisons to previous NEI
|nve ntories Local instance of web Ul

N’ El' Review Tool

Implementation:
2017 O&G Tool prototype?
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4 I

¢ 2014 NEIv2
modeling inputs

® FF10 point and
area sources

* Modeled inputs
(biogenics, fires,
mobile sources)

N

Implementation:

] e B

m

e Application of spatial
and temporal
surrogates

¢ Gridded at 36, 12,
4km

e Selected pollutants
e AQ modeling input
sectors

p

e SQL Database

e Direct data mining:
gridded
NetCDF/IOAPI

* AQ modeling study prototype?

—

AQ Modeling Studies

—

NCVICW 00

¢ Dashboard

e Charts

* Maps

* QA checks: totals
before and after

application of
\_ surrogates Y,
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AQ Modeling Studies

Impetus: verify ammonia emissions inputs

NH,NO,; (NAAQS PM, Haze, N deposition)

Emissions from NH; based fertilizers, wildfires, NH; and NO, from
mobile sources

Modeling studies can inform mitigation strategies - there are no
(explicit) NH; AQ regulations in the US, however NH, is regulated in
Europe3

NPS-ARD study will assess the impacts of reduced nitrogen

emissions on haze and N deposition in sensitive ecosystems (e.g.
alpine lakes in Rocky Mountain NP)

Evaluate NH, inventories/AQ modeling results and compare to
satellite based “top-down” observations

NH; has a short (“few days) life span in the atmosphere; confined to
BL; retrievals during optimal conditions3#>

Remote sensing products from IASI (MetOp-A,B), TES (Aura), CrIS
(JPSS), AIRS (Aqua)



AQ Modeling Studies

Spatlal plot CMAQ 2011 0701 -20110731

4 units = ug/m3
coverage limit = 75%

CO0OO NV

CIRCLE=AMON;

CMAQ — AMON monthly average NH,



Inventory Verification

Refine inputs

SMOKE

¢ Spatial and temporal surrogates
e Gridded AQ model inputs

¢ Update inventories
e Update emissions surrogates

Verification

* Statistical techniques to compare AQ AQ modeling
modeling results to satellite product

e Account for retrieval and AQ model
idiosyncrasies

e CMAQ, CAMYx, etc.
* Post-processing (e.g. AMET)

Retrieval

e Satellite remote sensing

e Pollutant of interest (e.g. NH,
from 1ASI)
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|ASI (Metop-A) NH,
2008-2016 high-resolution column NH,
Van Damme et al. (2018)
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|ASI (Metop-A) NH,
2008-2016 high-resolution column NH,
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|ASI (Metop-A) NH,
2008-2016 high-resolution column NH,
Van Damme et al. (2018)
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|ASI (Metop-A) NH,
2008-2016 high-resolution column NH,
Van Damme et al. (2018)
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Coastal Peru

|ASI (Metop-A) NH,
2008-2016 high-resolution column NH,
Van Damme et al. (2018)
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Summary

Production tools for emissions inventory review and QA

Tools were developed to support review of 2014 NEIv2
based air quality modeling platform emissions inputs (e.g.
2016 Inventory Collaborative)

Prototype tools for emissions inventory development and
emissions QA for air quality modeling studies

Framework for emissions inventory verification using NH,
satellite products

— “Our results suggest that it is necessary to revisit the input data
used for traditional bottom-up NH,; inventories and that space
measurements can make an important contribution to the
monitoring of ammonia emissions.” (Van Damme et al., 2018)
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