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Emissions InventoriesEmissions Inventories


 

Emission sourcesEmission sources release pollution into the atmosphere (e.g., release pollution into the atmosphere (e.g., 
factories, motor vehicles, gas stations, home heating)factories, motor vehicles, gas stations, home heating)



 

Depending on the type of source, amounts of emissions are Depending on the type of source, amounts of emissions are 
estimated for estimated for stacksstacks or or countiescounties



 

Emission inventoriesEmission inventories are compiled lists of emissions source are compiled lists of emissions source 
data for multiple pollutants and source categoriesdata for multiple pollutants and source categories



 

Data are frequently given as Data are frequently given as annual valuesannual values (e.g. tons/yr)(e.g. tons/yr)


 

Inventories provide input data for Inventories provide input data for air quality modelsair quality models (AQMs), (AQMs), 
the outputs of which are used to make decisions about rulesthe outputs of which are used to make decisions about rules
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Air Quality Model ResultsAir Quality Model Results



 

AQMs estimate the AQMs estimate the concentration of pollutantsconcentration of pollutants in the atmosphere in the atmosphere 
(e.g., CO, NO, NO(e.g., CO, NO, NO 2, 2, OO 33 , Pb, Hg, SO, Pb, Hg, SO 22 ) and their ) and their depositiondeposition



 

RegionalRegional--scale AQMs are run for scale AQMs are run for gridsgrids with rectangular grid cellswith rectangular grid cells

Max. 8hr-Average Ozone Conc. Total Mercury Deposition
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Emissions ModelingEmissions Modeling


 

Processes emissions inventories to match the Processes emissions inventories to match the 
resolution needed by the air quality model (hourly, resolution needed by the air quality model (hourly, 
by grid cell, for specific pollutant species)by grid cell, for specific pollutant species)


 

At EPA, inventory data are split into At EPA, inventory data are split into 21 sectors21 sectors


 

Data for each sector goes through Data for each sector goes through multiple processing stepsmultiple processing steps


 

Processing is usually done for Processing is usually done for each region (grid)each region (grid) and for  and for  
each dayeach day of the year being modeledof the year being modeled
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Why Build the EMF?Why Build the EMF?


 

For each one year AQM run:For each one year AQM run:


 

HundredsHundreds of program executions are required of program executions are required 


 

HundredsHundreds of input files are usedof input files are used


 

ThousandsThousands of AQMof AQM--ready files and reports are createdready files and reports are created



 

Input files get Input files get modifiedmodified over time into many over time into many 
versionsversions



 

Lots of different Lots of different things can go wrongthings can go wrong during a runduring a run


 

If an error is discovered, reIf an error is discovered, re--runs can require weeks/months runs can require weeks/months 



 

Inventories can have Inventories can have millionsmillions of records (need QA)of records (need QA)


 

There are There are multiple simultaneous model runs multiple simultaneous model runs 
(i.e., cases) to manage to support different projects(i.e., cases) to manage to support different projects



 

Multiple peopleMultiple people need to access the same model need to access the same model 
input and output data (e.g., EPA staff, contractors)input and output data (e.g., EPA staff, contractors)
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Prior Attempts at Modeling Prior Attempts at Modeling 
FrameworksFrameworks



 

EPA has previously tried to solve this data and run EPA has previously tried to solve this data and run 
management problem for air quality modelingmanagement problem for air quality modeling


 

ModelsModels--3 (1990s):3 (1990s): only the visualization tool and I/O only the visualization tool and I/O 
interfaces were successful, not the data/run managementinterfaces were successful, not the data/run management



 

Multimedia Integrated Modeling System (early 2000s):Multimedia Integrated Modeling System (early 2000s): an an 
objectobject--oriented view of integrated modeling but was not oriented view of integrated modeling but was not 
widely adoptedwidely adopted



 

Frameworks to support other types of models (e.g., Frameworks to support other types of models (e.g., 
water quality, sediment) have been built by EPA and water quality, sediment) have been built by EPA and 
othersothers


 

Community of Practice for Integrated Environmental Community of Practice for Integrated Environmental 
Modeling Modeling has been organizedhas been organized



 

Most prior frameworks were Most prior frameworks were desktopdesktop systems that systems that 
supported the individual model user, not supported the individual model user, not 
workgroupsworkgroups
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Goals of the EMFGoals of the EMF


 

Improve the Improve the timelinesstimeliness and and qualityquality of the of the 
emissions data used by air quality models emissions data used by air quality models 


 

Reduce the need for reruns due to mistakesReduce the need for reruns due to mistakes



 

Provide Provide transparency & trackingtransparency & tracking of data and of data and 
model settingsmodel settings


 

For datasets, track versions, metadata, and provide For datasets, track versions, metadata, and provide 
integrated quality assurance (QA) steps integrated quality assurance (QA) steps 



 

Improve communication within the workgroup regarding Improve communication within the workgroup regarding 
versions of data and settings used for modeling casesversions of data and settings used for modeling cases



 

Make it Make it easiereasier for people to run emissions and for people to run emissions and 
related modelsrelated models



 

For regulatory purposes, make it possible to For regulatory purposes, make it possible to 
reproduce datareproduce data being created today for years being created today for years 
into the futureinto the future
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Major Components of the EMFMajor Components of the EMF

Dataset Manager 

Import
Define metadata

Edit data
Track versions

Find / share data
Export

QA Manager 

List QA steps
Summarize data
View Summaries

Record QA status 
Reuse QA functions

Case Manager

Organize runs
Set jobs to run

Pick data to use
Define settings

Run jobs
Load outputs
Track history
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EMF Architecture at EPAEMF Architecture at EPA

Data Management
Quality Assurance
Case Management

4 Core Tomcat &
 PostgreSQL Server
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GUI

Clients Compute Cluster
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Model 
input files
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EMF Main GUIEMF Main GUI



 

Stored information (datasets, cases) is accessed via the Manage Stored information (datasets, cases) is accessed via the Manage menumenu


 

Choosing an item from the Manage menu opens a Choosing an item from the Manage menu opens a ‘‘ManagerManager’’ windowwindow

Messages about the status of long-running processes (e.g., imports, 
QA summaries, model runs) appear in the Status window

All other  EMF windows appear within this Main window
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Dataset ManagerDataset Manager



 

Select a Dataset Type to see the available Datasets of that typeSelect a Dataset Type to see the available Datasets of that type


 

The Manager table can be sorted and filtered based on contentsThe Manager table can be sorted and filtered based on contents
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Dataset Properties EditorDataset Properties Editor



 

Allows users to see and change metadataAllows users to see and change metadata
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Data EditorData Editor



 

Allows users to sort, filter, and edit dataAllows users to sort, filter, and edit data


 

When saving, must say what was changed and whyWhen saving, must say what was changed and why

ANN_EMIS desc

POLL=‘CO’ and ANN_EMIS > 1000
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QA ManagementQA Management


 

Summaries of data can be created and saved Summaries of data can be created and saved 
using enhanced Structured Query Language using enhanced Structured Query Language 


 

By county, by plant, by emissions category, By county, by plant, by emissions category, ……


 

Reference database adds descriptive columnsReference database adds descriptive columns


 

County names, state abbreviations, code County names, state abbreviations, code 
descriptionsdescriptions



 

Complex QA functions are coded in Java and Complex QA functions are coded in Java and 
can be chosen from a list of can be chosen from a list of ‘‘QA programsQA programs’’


 

Comparing values of two datasetsComparing values of two datasets


 

Summing monthly inventory data to annualSumming monthly inventory data to annual


 

Results can be viewed in a sortResults can be viewed in a sort--filter table filter table 


 

In some cases results can be viewed using In some cases results can be viewed using 
Google Earth or exported to GIS Shapefiles Google Earth or exported to GIS Shapefiles 
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Adding a QA Step from a Adding a QA Step from a 
TemplateTemplate



For Conference Purposes Only 16

Viewing QA Step ResultsViewing QA Step Results
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Plant Summary of Plant Summary of 
NOx (NO+NONOx (NO+NO22 ) Emissions) Emissions



 

Results with latitude/longitude can be exported to Results with latitude/longitude can be exported to 
a KMZ file and viewed using Google Eartha KMZ file and viewed using Google Earth
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Case ManagementCase Management


 

A Case stores information about model runsA Case stores information about model runs


 

Summary attributes (grid, time period, sectors)Summary attributes (grid, time period, sectors)


 

Jobs to run (individual programs or scripts)Jobs to run (individual programs or scripts)


 

Datasets used as inputs by the jobsDatasets used as inputs by the jobs


 

Parameters needed to control the jobsParameters needed to control the jobs


 

Outputs from jobsOutputs from jobs


 

History and results of the jobsHistory and results of the jobs



 

Has all information needed to run models and track Has all information needed to run models and track 
their resultstheir results



 

When a job is run, EMF writes a CWhen a job is run, EMF writes a C--shell script that:shell script that:


 

Specifies inputs and parameters as environment variablesSpecifies inputs and parameters as environment variables


 

Runs the jobRuns the job’’s program or script (using any script language)s program or script (using any script language)


 

Reports back to the server with run status informationReports back to the server with run status information



 

Job scripts can use a Java commandJob scripts can use a Java command--line client to line client to 
communicate to the server about status and outputscommunicate to the server about status and outputs
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Case Management OverviewCase Management Overview

Run scripts
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Case ManagerCase Manager



 

Cases are organized by CategoryCases are organized by Category


 

The Case Manager shows available casesThe Case Manager shows available cases
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Case EditorCase Editor
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Other EMF ComponentsOther EMF Components



 

Control Program ManagerControl Program Manager


 

Stores information how existing regulations affect sourcesStores information how existing regulations affect sources



 

Control Strategy ManagerControl Strategy Manager


 

Uses emissions control measures and control programs to Uses emissions control measures and control programs to 
generate controlled and future year emission inventoriesgenerate controlled and future year emission inventories



 

Sector ManagerSector Manager


 

Subsets and summarizes inventories by industrial sectorSubsets and summarizes inventories by industrial sector


 

Splits broader inventories to sectorSplits broader inventories to sector--specific onesspecific ones



 

Speciation ToolSpeciation Tool


 

Creates profiles to split inventory pollutants to model Creates profiles to split inventory pollutants to model 
speciesspecies



 

Surrogate ToolSurrogate Tool


 

Creates spatial surrogates to grid countyCreates spatial surrogates to grid county--level emissionslevel emissions
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Summary of EMF BenefitsSummary of EMF Benefits


 

Successfully Successfully used in productionused in production for several for several 
years: thousands of datasets, hundreds of casesyears: thousands of datasets, hundreds of cases



 

Data and run specifications are Data and run specifications are easily sharedeasily shared


 

Multiple versionsMultiple versions of datasets are storedof datasets are stored


 

Quality assuranceQuality assurance of the data is easierof the data is easier


 

Cases (runs) are stored perpetuallyCases (runs) are stored perpetually


 

Settings can be reviewed at any time by anyoneSettings can be reviewed at any time by anyone


 

Data can be recreated at a later dateData can be recreated at a later date


 

Easier to set up a new caseEasier to set up a new case by copying and by copying and 
adjusting an existing oneadjusting an existing one



 

FacilitatesFacilitates collaboration and reusecollaboration and reuse of data and of data and 
run settings (e.g., control strategy inventories)run settings (e.g., control strategy inventories)



 

Many Many parts of EMF are genericparts of EMF are generic so that it could beso that it could be 
extendedextended to run other modelsto run other models
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EMF AvailabilityEMF Availability



 

Designed to be open sourceDesigned to be open source


 

Available documentation is limitedAvailable documentation is limited


 

Complexity of system and DB setComplexity of system and DB set--up limits up limits 
our ability to distribute it widelyour ability to distribute it widely



 

Funding for longFunding for long--term user support has term user support has 
not yet been identifiednot yet been identified



 

A beta testing program to test feasibility A beta testing program to test feasibility 
of a true public release is just wrapping upof a true public release is just wrapping up



 

Development will continue next yearDevelopment will continue next year
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Possibility for Applications other Possibility for Applications other 
than Emissions Modelingthan Emissions Modeling



 

EMF already used for some AQMEMF already used for some AQM--related tools other related tools other 
than the core emissions model (SMOKE)than the core emissions model (SMOKE)



 

Interested in extensions to related topics: Interested in extensions to related topics: 
benefits analysis, economic analysis, benefits analysis, economic analysis, ……



 

CommaComma--separated value (.csv) dataset types allow separated value (.csv) dataset types allow 
for nonfor non--emissions data to be importedemissions data to be imported



 

Recently implemented Recently implemented flexible file formatsflexible file formats allow allow 
most kinds of tabular data to be managed by EMFmost kinds of tabular data to be managed by EMF



 

QA templates could be developed for new formats QA templates could be developed for new formats 


 

Cases could be created to run other modelsCases could be created to run other models


 

Supporting other models will require some changes:Supporting other models will require some changes:


 

Filtering available lists so they are specific each modelFiltering available lists so they are specific each model


 

Generalizing metadata on some editorsGeneralizing metadata on some editors
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Remaining ChallengesRemaining Challenges


 

Current implementation uses webCurrent implementation uses web--services, services, 
but it is slow to transfer a lot of objects at oncebut it is slow to transfer a lot of objects at once


 

Are there other tools we might consider using for clientAre there other tools we might consider using for client-- 
server communication?  (Currently using Axis)server communication?  (Currently using Axis)



 

Considering a webConsidering a web--based GUI in addition to the fat clientbased GUI in addition to the fat client


 

A lot of data is spatial in nature A lot of data is spatial in nature 
(e.g., points, counties)(e.g., points, counties)


 

More mapping tools would be helpful (e.g., filled counties)More mapping tools would be helpful (e.g., filled counties)


 

PostGIS addPostGIS add--on to PostgreSQL provides spatial functions, on to PostgreSQL provides spatial functions, 
but not visualizationbut not visualization



 

Consider whether to visualize data on server or bring to Consider whether to visualize data on server or bring to 
the client machine (.kmz is created on client machine)the client machine (.kmz is created on client machine)



 

Broader userBroader user--base requires more sophisticated base requires more sophisticated 
treatment of permissions (e.g., user/group/world; treatment of permissions (e.g., user/group/world; 
user roles)user roles)



 

Identifying potential collaborators for extensionsIdentifying potential collaborators for extensions
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