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PROJECT PROJECT MOTIVATIONMOTIVATION
Aviation emissions have the potential to affect ambient levels oAviation emissions have the potential to affect ambient levels of f 
air pollutantsair pollutants

About 150 airports in the United States lie within nonAbout 150 airports in the United States lie within non--attainment attainment 
of the NAAQS for one or more of the various criteria air pollutaof the NAAQS for one or more of the various criteria air pollutantsnts

There are known emissions of air toxics from aviation activitiesThere are known emissions of air toxics from aviation activities
that could have adverse health effectsthat could have adverse health effects

•• Critical to understand exposure to air toxics to protect public Critical to understand exposure to air toxics to protect public 
healthhealth

Capability of EDMS model is limited to dispersion of nonCapability of EDMS model is limited to dispersion of non--reactive reactive 
air pollutantsair pollutants

Current representation of aviation emissions in existing air quaCurrent representation of aviation emissions in existing air quality lity 
models includes several simplified assumptionsmodels includes several simplified assumptions

•• Need to improve representation of aviation sources in air Need to improve representation of aviation sources in air 
quality models from 2quality models from 2--d to 3d to 3--dd



PROJECT OBJECTIVESPROJECT OBJECTIVES
Develop new interface EDMS2Inv to process Develop new interface EDMS2Inv to process 
aviation emissions through SMOKEaviation emissions through SMOKE
•• Convert EDMS AERMOD ready output to an hourConvert EDMS AERMOD ready output to an hour--specific specific 

inventory format for SMOKEinventory format for SMOKE

Process vertically distributed emission from EDMS Process vertically distributed emission from EDMS 
into the appropriate model layers aloft through into the appropriate model layers aloft through 
SMOKESMOKE

Enhance representation of emissions from Enhance representation of emissions from 
aviation sources in AQ modelaviation sources in AQ model

Help in designing and assessing new sensitivity Help in designing and assessing new sensitivity 
scenarios to assess the impacts of the rapid scenarios to assess the impacts of the rapid 
growth of aviation sector in U.S.growth of aviation sector in U.S.



Emissions and Dispersion Emissions and Dispersion 
Modeling System Modeling System 

(EDMS)(EDMS)



EDMSEDMS
FAAFAA’’s Emissions Dispersion and Modeling System s Emissions Dispersion and Modeling System 
•• used for emissions inventory calculation and used for emissions inventory calculation and 

concentration modeling for airport sourcesconcentration modeling for airport sources
Emphasis on aviation sources (aircraft, auxiliary power Emphasis on aviation sources (aircraft, auxiliary power 
units, ground support equipment)units, ground support equipment)
Motor vehicle and stationary sourcesMotor vehicle and stationary sources also consideredalso considered
using EPAusing EPA’’s NONROAD and MOBILE6 modelss NONROAD and MOBILE6 models
Typically used to model a single airportTypically used to model a single airport
Locations and sizes of sources are requiredLocations and sizes of sources are required
•• Runways, taxiways, gates, queues (dynamic)Runways, taxiways, gates, queues (dynamic)
•• Roadways, parking facilitiesRoadways, parking facilities
•• Stationary sources and trainingStationary sources and training firesfires



EDMSEDMS



EDMS: Aircraft ActivityEDMS: Aircraft Activity
Precise fleet mix and number of aircraftPrecise fleet mix and number of aircraft
•• Airframe and engineAirframe and engine
•• Over 2,300 aircraftOver 2,300 aircraft--engine combinationsengine combinations

Number of aircraft Number of aircraft LTOsLTOs (Landing and Takeoffs)(Landing and Takeoffs) and and 
Touch and Touch and GosGos
Aircraft weightAircraft weight
Aircraft approach angleAircraft approach angle ::33°°--55°°
Total Total taxi and queue time per LTO
Aircraft engine emission factors stored in EDMS are Aircraft engine emission factors stored in EDMS are 
fromfrom
•• ICAOICAO((InternationalInternational Civil Aviation OrganizationCivil Aviation Organization)) databankdatabank
•• Engine manufacturersEngine manufacturers

4 power settings are modeled:4 power settings are modeled:
•• IdleIdle, , TakeoffTakeoff, , Climb outClimb out, , ApproachApproach



EDMSEDMS
In the dispersion mode, hourly cIn the dispersion mode, hourly concentrations are oncentrations are 
calculatedcalculated
•• Requires hourly operational data for all sourcesRequires hourly operational data for all sources

Estimates both criteria and hazardous air pollutantsEstimates both criteria and hazardous air pollutants

Research version of EDMS used for this project can Research version of EDMS used for this project can 
estimate emissions aloft up to 10,000 feetestimate emissions aloft up to 10,000 feet
•• Publicly released version estimates only up to 3,000 feetPublicly released version estimates only up to 3,000 feet

•• Airport activity data from 2005 for ATL, 2002 for ORD, and 2004 Airport activity data from 2005 for ATL, 2002 for ORD, and 2004 for for 
PVDPVD

73 commercial aircraft types included for ATL, 109 for 73 commercial aircraft types included for ATL, 109 for 
ORD, 144 for PVDORD, 144 for PVD
•• Currently, all sources are lumped when processed through EDMS, Currently, all sources are lumped when processed through EDMS, 

and cannot be distinguished when ready to model in SMOKEand cannot be distinguished when ready to model in SMOKE

•• 6 modes included (Start6 modes included (Start--up, Taxiup, Taxi--out, Takeout, Take--off, off, ClimboutClimbout, Approach, , Approach, 
TaxiTaxi--in)in)



Sources Modeled by EDMSSources Modeled by EDMS

FIRE_###FIRE_###Training firesTraining firesFiresFires

STAT_###STAT_###

GeneratorsGenerators
IncineratorsIncinerators
Fuel tanksFuel tanks
Aircraft deicingAircraft deicing
etc. (EPA etc. (EPA NONROADNONROAD))

Stationary Stationary 
SourcesSources

PARKA###PARKA###
Vehicle idlingVehicle idling
Vehicle movingVehicle moving
(EPA MOBILE6)(EPA MOBILE6)

Parking Parking 
FacilitiesFacilities

RD######RD######Vehicle movingVehicle moving
(EPA MOBILE6)(EPA MOBILE6)

RoadwaysRoadways

GATE_###GATE_###OnOn--boardboard
TaxiingTaxiing

Auxiliary Auxiliary 
Power UnitsPower Units

GATE_###GATE_###
GSE for aircraftGSE for aircraft
GSE populationsGSE populations
(EPA NONROAD)(EPA NONROAD)

Ground Ground 
Support Support 
EquipmentEquipment

••Location (Location (x,y,zx,y,z))
••DimensionDimension
(width, length, angle)(width, length, angle)
••Elevation Elevation heightheight

L##X####L##X####
T##X####T##X####
RL##[C|T]####RL##[C|T]####
RT##[C|T]####RT##[C|T]####
TW#######TW#######

LandingLanding
TakeoffTakeoff
LandingLanding--runwayrunway
TakeoffTakeoff--runwayrunway
TaxiwayTaxiway

Commercial Commercial 
AircraftAircraft

CommonCommon
parametersparameters

AERMODAERMOD
Source IDSource ID

Operation ModeOperation ModeSource Source 
CategoryCategory



SMOKE Modeling SystemSMOKE Modeling System



SMOKESMOKE

Emissions Emissions 
inventoryinventory
•• Usually annual dataUsually annual data

•• Reported by source Reported by source 
(may be county or (may be county or 
coordinate)coordinate)

•• By inventory By inventory 
pollutantpollutant (criteria, (criteria, 
toxics)toxics)

Air quality model Air quality model 
inputinput

•• HourlyHourly

•• GriddedGridded

•• By model speciesBy model species

•• May be 3May be 3--D file D file 
(layered)(layered)



SMOKE : SMOKE : Airport SourcesAirport Sources
Currently treated as nonroad/point source at the county levelCurrently treated as nonroad/point source at the county level

If county has 2 or more airports, all are lumped into one If county has 2 or more airports, all are lumped into one 
estimateestimate
•• Difficult to identify particular airports represented by FIPS coDifficult to identify particular airports represented by FIPS codede

•• Difficult to isolate impact of a single airport on localDifficult to isolate impact of a single airport on local--toto--regional regional 
air qualityair quality

If a given airport straddles 2 counties, potential for emissionsIf a given airport straddles 2 counties, potential for emissions
to be allocated to the wrong countyto be allocated to the wrong county

Optional : Area to Point processing using Lat/Lon Optional : Area to Point processing using Lat/Lon coordcoord..

All emissions are allocated only to the air quality modelAll emissions are allocated only to the air quality model’’s s 
surface layersurface layer
•• Aircraft emissions due to takeAircraft emissions due to take--off and landing activities are off and landing activities are 

misrepresented spatiallymisrepresented spatially

Most often, these are annual or seasonal estimates, and then Most often, these are annual or seasonal estimates, and then 
have uniform daily/weekly/monthly temporal profileshave uniform daily/weekly/monthly temporal profiles



Overview Data FlowOverview Data Flow



SMOKE/EDMS InterfaceSMOKE/EDMS Interface
(EDMS2Inv)(EDMS2Inv)



Study AirportsStudy Airports
Atlanta Hartsfield Atlanta Hartsfield –– ATLATL

Chicago OChicago O’’Hare Hare –– ORDORD

Providence T.F. Green Providence T.F. Green –– PVDPVD

Commercial Aircraft (SCC: Commercial Aircraft (SCC: 22750200002275020000) ) 

CAPs onlyCAPs only

(NO, NO(NO, NO22, CO, THC, , CO, THC, SpeciatedSpeciated PM2.5 (PEC, POC, PM2.5 (PEC, POC, 
PSO4) using FOA V3.0)PSO4) using FOA V3.0)

Emissions reported up to 10,000 ft at heights Emissions reported up to 10,000 ft at heights 
corresponding to the air quality modelcorresponding to the air quality model



SMOKESMOKE
Point source characteristicsPoint source characteristics

••Country, state, and countyCountry, state, and county

••Latitude and longitudeLatitude and longitude

••SCCSCC

••PlantPlant IDID

••PPointoint IDID

••SStacktack parameters = parameters = ‘‘blankblank’’ or zeroor zero



EDMS2InvEDMS2Inv
Treat all aviation sources as point source in Treat all aviation sources as point source in 
SMOKESMOKE

Assign Assign FIPS codesFIPS codes

Assign Assign Airport_AERMODAirport_AERMOD IDs to IDs to Plant IDPlant ID

Assign Source IDs to Assign Source IDs to Point IDPoint ID

Convert relative coordinates of all aviation Convert relative coordinates of all aviation 
sources from EDMS to sources from EDMS to Lat./Lon.Lat./Lon. coordinatecoordinate

Convert g/s/mConvert g/s/m22 to to short Ton/hrshort Ton/hr

Convert elevation height (ft) to Convert elevation height (ft) to metermeter

Convert unit of NOConvert unit of NO22 in NO equivalency to mass in in NO equivalency to mass in 
NONO



EDMS2InvEDMS2Inv
Convert unit of THC in CHConvert unit of THC in CH44 equivalency to mass in Cequivalency to mass in C

Convert THC to TOGConvert THC to TOG

Compute NONHAPTOG = TOG Compute NONHAPTOG = TOG –– All 25 HAPs All 25 HAPs 
•• for integrated CAPs and HAPs processingfor integrated CAPs and HAPs processing

Create a master (annual) inventory (PTINV) including Create a master (annual) inventory (PTINV) including 
source characteristics (source characteristics (FIPS,SCC,PlantIDFIPS,SCC,PlantID, , PointIDPointID))

Create an hourCreate an hour--specific aviation emission inventory specific aviation emission inventory 
(PTHOUR).(PTHOUR).

Current version assumes that all emissions are from Current version assumes that all emissions are from 
commercial aircraftcommercial aircraft
•• Will update future version to use a crossWill update future version to use a cross--reference table that maps reference table that maps 

EDMS/AERMOD based source IDs to EDMS/AERMOD based source IDs to NEINEI’’ss SCC codesSCC codes

Can process multiple pollutants (CAPs and HAPs) for Can process multiple pollutants (CAPs and HAPs) for 
multiple airports at the same timemultiple airports at the same time



EDMS2Inv EDMS2Inv SMOKESMOKE
Create hourCreate hour--specific aviation emissions specific aviation emissions 
from PTINV and PTHOUR generated from from PTINV and PTHOUR generated from 
EDMS2InvEDMS2Inv

Minor updates made to existing SMOKE Minor updates made to existing SMOKE 
programs such as Sprograms such as Smkinvenmkinven and Land Laypointaypoint
•• Assigns aircraft emissions provided at various Assigns aircraft emissions provided at various 

heights into the corresponding vertical layer of heights into the corresponding vertical layer of 
CMAQCMAQ

To be used in nested CMAQ application To be used in nested CMAQ application 
over the Eastern U.S.over the Eastern U.S.



Layer StructureLayer Structure

CMAQ Layers (22)CMAQ Layers (22) Aircraft Data in First 15 Aircraft Data in First 15 
Layers (up to 10,000 feet)Layers (up to 10,000 feet)



Atlanta Atlanta HartsfieldHartsfield –– KATLKATL



Chicago OChicago O’’Hare Hare –– KORDKORD



Providence T.F. Green Providence T.F. Green –– KPVDKPVD



Atlanta Hartsfield Atlanta Hartsfield –– KATLKATL



NOTENOTE
Input data (such as flight activity info) and Input data (such as flight activity info) and 
version of EDMS used in NEI aircraft emission version of EDMS used in NEI aircraft emission 
calculation may be different than what are used calculation may be different than what are used 
in our analysisin our analysis

These differences could be potential cause of These differences could be potential cause of 
variations shown herevariations shown here

This relative comparison of emissions also This relative comparison of emissions also 
indicates need to correctly account for and indicates need to correctly account for and 
represent aviation emissions in the air quality represent aviation emissions in the air quality 
analysisanalysis



Chicago OChicago O’’Hare Hare –– KORDKORD



Providence T.F. Green Providence T.F. Green –– KPVDKPVD



Atlanta Hartsfield Atlanta Hartsfield –– KATLKATL



Chicago OChicago O’’Hare Hare –– KORDKORD



Providence T.F. Green Providence T.F. Green –– KPVDKPVD



ConclusionsConclusions
New capability (EDMS2Inv) to enable detailed New capability (EDMS2Inv) to enable detailed 
characterization of airport/aircraft emissions in air characterization of airport/aircraft emissions in air 
quality models quality models 
•• Spatially enhanced representation of emissions by allocating Spatially enhanced representation of emissions by allocating 

emissions into the appropriate CMAQ modeling layers aloft up emissions into the appropriate CMAQ modeling layers aloft up 
to 10,000 ft heightto 10,000 ft height

•• Temporally enhanced representation by allocation hourly EDMS Temporally enhanced representation by allocation hourly EDMS 
emissions into CMAQ model instead of using default uniform emissions into CMAQ model instead of using default uniform 
temporal profiletemporal profile

•• Can process multiple pollutants and multiple airports at the Can process multiple pollutants and multiple airports at the 
same timesame time

•• Can be expanded to process CAPs and HAPs together for Can be expanded to process CAPs and HAPs together for 
integrated processingintegrated processing

New approach will assist in comprehensive New approach will assist in comprehensive 
assessment of impact of these emissions on localassessment of impact of these emissions on local--toto--
regional scale air quality and potential health regional scale air quality and potential health 
impactsimpacts
•• Currently developing nested CMAQ application using emissionsCurrently developing nested CMAQ application using emissions
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EDMS : Other SourcesEDMS : Other Sources
Ground support equipment fleetGround support equipment fleet
•• Either as an airport population or associated with Either as an airport population or associated with 

a specific aircrafta specific aircraft

•• Default GSE assignments are available for all Default GSE assignments are available for all 
aircraftaircraft

GSE InputsGSE Inputs
•• Fuel type, operating time, HP, and load factorFuel type, operating time, HP, and load factor

•• Defaults providedDefaults provided

APU assignment and operating time for each APU assignment and operating time for each 
LTOLTO
•• A default is also available for applicable aircraftA default is also available for applicable aircraft


