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Emissions Inventories

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

Depending on the type of source, amounts of emissions are
estimated for stacks or counties

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

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

Inventories provide input data for air qguality models (AQMSs),
the outputs of which are used to make decisions about rules




Alr Quality Model Results

m AQMs estimate the concentration of pollutants in the atmosphere
(e.g., CO, NO, NO, O,, Pb, Hg, SO,) and their deposition

m Regional-scale AQMs are run for grids with restangularrgnidscells 3



Emissions Modeling

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

s At EPA, inventory data are split into 21 sectors
s Data for each sector goes through multiple processing steps

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

For each one year AQM run:

= Hundreds of program executions are required

= Hundreds of input files are used

s Thousands of AQM-ready files and reports are created

Input files get modified over time into many
versions

Lots of different things can go wrong during a run
= If an error Is discovered, re-runs can require weeks/months

Inventories can have millions of records (need QA)

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

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

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

s Models-3 (1990s): only the visualization tool and 1/0
Interfaces were successful, not the data/run management

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

= Frameworks to support other types of models (e.qg.,
water guality, sediment) have been built by EPA and
others

s Community of Practice for Integrated Environmental
Modeling has been organized

m Most prior frameworks were desktop systems that
supported the individual model user, not
workgroups
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Goals of the EMF

Improve the timeliness and quality of the
emissions data used by air guality models
s Reduce the need for reruns due to mistakes

Provide transparency & tracking of data and
model settings

s For datasets, track versions, metadata, and provide
Integrated gquality assurance (QA) steps

= Improve communication within the workgroup regarding

versions of data and settings used for modeling cases
Make it easier for people to run emissions and
related models

For regulatory purposes, make It possible to
reproduce data being created today for years
Into the future
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Major Components of the EMF

Dataset Manager

Case Manhager

Import <
Define metadata

Edit data

Organize runs
> Set jobs to run

Pick data to use

Track versions
Find / share data
Export

OA Manager

List QA steps

Define settings
Run jobs
Load outputs
Track history

/\ Summarize data N

View Summaries

Record QA status
Reuse QA functions

For Conference Purposes Only 8




EMF Architecture at EPA
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EMF Main GUI

'@_, Emissions Modeling Framework (EMF): Alison Eyth (auv), Server (tulip.nesc.epa.gov) -

File Manage| Window Tools Help

Datasets
Cases

Dataset Types
Sectors

S L b All other EMF windows appear within this Main window
Control Strategies

Control Programs

Users
My Profile

o, Status i g
| ﬂ% Refresh

Message Type | hMessage | Timestamp |
Messages about the status of long-running processes (e.g., imports,

QA summaries, model runs) appear in the Status window

m Stored information (datasets, cases) iIs accessed via the Manage menu
s Choosing an item from the Manage menu opens @ar'dManagelimpWinadoew ;,




Dataset Manager

f ) Dataset Manager :

@5‘ Refresh

Advanced

Show Datasets of Type: |[ORL Point Imventory (PTINW) Name Contains:

2 RaE

W
L
i
a

Name

Last Modified Date

Type

Status

Creator

pthonipm_xportfrac_cap2020ck!_14_34

200912001 13:23

QORL Foint Inventory (PTIRW

Created by control strategy

rhe

seca_c3d_caps2020pfatl_14_34

2008117301513

OFRL Foint Inventary (PTIRY

Created by control strateay

rhc

pthonipm_hap201ack_CoST

200911027 10:22

QORL Foint Inventory (PTIRW

Created by control strategy

rh

ptnonipm_xpoifrac_cap201ack_CoST

200811727 10:20

QORL Foint Inventary (PTIRY

Created by control strateay

rhi

ptipm_EPAZ0DZARRA_CP_7_summmer_2020_14_35

200911724 17:58

ORL Point Inventory (FTIRY

Created by control strateoy

rhe

ptipm_EPAIDZARRA_CP_7 _winter_2020_14_35

200811724 1758

QORL Foint Inventory (PTIRY

Created by control strategy

rhi

2020ck1 _15_35_ptipm

200911723 15:04

ORL Point Inventory (FTIMY

Created by control strateoy

rhe

00 = o JEm b o I = | o

pthanipm_notkilns_hap2005ci_tox_ckilns1

20091112 14:04

QORL Foint Inventory (PTIRW

lrported

hite

ptnonipm_neikilns_hap200aci_tox_ckilns1

20091112 14:03

CORL Point Inventaory (FTIMY

[mported

hite

pthonipm_notkilns_xportfrac_cap2005ci_tox_ckilng1

20091112 14:02

QORL Foint Inventory (PTIMW

lmported

hite

ptnanipm_neikilns_xpofrac_cap2005ci_tom_ckilns1

20081112 14:01

QOFRL Foint Inventary (PTIRYW

lmported

hite

Cntld_ptnonipm_xportfrac_cap2020ckl

20091111 20149

QOFRL Foint Inventory (PTIRW

Created by control strategy

delvecch

N

seca_cd_BAF_HAPsZ015pf31 _26oct2009

200810526 09:19

QOFRL Foint Inventary (FTIRY

lmported

rhc

I

]
M | [ ]

247 rows : 12 columns: 0 Selected [Filter: None, Sort: Last Modified Date(-)]

View Edit Properties Close

Remove | | Import

Edit Data |

m Select a Dataset Type to see the available Datasets of that type
= The Manager table can be sorted and filtered based on contents

For Conference Purposes Only 11




Dataset Properties Editor

Dataset Properties Editor: ptnonipm_xportfrac_cap2020ck1_14_35

Mame:
Description:

Project: IPM NAAGS RIA {/jpm_naaqs_ria)
Creator: rhc

Dataset Type: ORL Point Imventory (PTINV)

Time Period Start:

Time Period End:

Temporal Resolution: [Annual |
Sector: |ptnnni|:|m :|

Region: |IJ_5

Country: us

Status:
Last Modified Date:
Last Accessed Date:

Creation Date:

Imtended Use:

Default Version:

000 in ariginal P

Created by control strategy
12/01/2009 13:23
12/01/2009 13:23
12/01/2009 13:23

Ipuhlic '_I

= Allows users to see and change met

onrterenc




Data Editor

@_‘ Data Editor: ptnonipm_xportfrac_cap2020ck1_rerunCoST, Version: Test version, Table: DS_ptnonipm_xportfrac_cap2020ck1_rerunCoST_118... r.lz = E

Saved any changes and applied Sort "ANN_EMIS desc’ and Filter "POLL="CO" and ANN_EMIS=1000" Lock expires at 2010/0427 14:21

Sort Order ANN_EMIS desc
Rowfiter | POLL='CO’ and ANN_EMIS > 1000

Current: 1- 300 Filtered: 392 of 1259262
“ < > »

s

BEEECT FIFS PLARNTID POINTID | STACKID | SEGMEMNT PLAMT SCC ARM_EMIS| STHHGT
Stringdb)  String(14) Stringf19) | Stting{1 53| String(14) Stringi40) String{1 0 Douhle Douhle

fiad 15127 |0000L 014 o] 30 I3GEURNEHAREORLLC 30300313 TR993.68 (V9.0
=] 39007  |0Z04010193 (FPOOZ B3 PODZEFL MILLENNIUHMINORGANICCHEHM. .. |30107002 43453.05 |200.0
™| 49023 |10303 19593 lalsg 1 LeamingtonCenentFlant 31499999 34039, 5.0
d |lBEIEEI ool:l 101 0 oz T3 GARYIIORES 30300813 33212.83 (100.74
fiad £4005  |005-0147 3l 331 0z I3GEPARROWSPOINTLLC 30300319 29971, l00.0
=] 15127 |00001 015 Gz 11 I3GEURNAHARRORLLC 30300915 £29422.958 [BE.0
™| 39155 |0Z75000463 (POOZ RZZ POOZEFL WCISTEEL , INC. 30300913 £7174.94 |(160.0

|| M |

Revision Information (auto-saved when window is closed)

What was changed Why it was changed
References

Add Note

m Allows users to sort, filter, and edit data
= When saving, must say what was changéd @itrihgpeses oy 13




QA Management

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

= By county, by plant, by emissions category, ...
Reference database adds descriptive columns

= County names, state abbreviations, code
descriptions

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

= Comparing values of two datasets

= Summing monthly inventory data to annual
Results can be viewed Iin a sort-filter table

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

Dataset Properties Editor: ptnonipm_xportfrac_cap2020ck1_rerunCoST

( Summary I Data | Heywnrﬂ " Notes | 'Revisions | History | Sources | oA |

m ? @ 000 | 44

i Select Version Required Order un Status Run|
- n " . = ||:| = a
n

i;g.?_, Add GA Steps: ptnonipm_xportitrac_cap2020ck1_rerunCoST

Version |@j

Required

Summarize by Mact Code, U.S. State and Pollutant with Descriptions
ummarize by Plant and Pollutant
Optional  |Summarize by Pollutant




Viewing QA Step Results

ﬁ_‘ View QA Step Results: Summarize by U.S. State and Pollutant with Descriptions2

il | File

{ OA_DSID80955_V0_20100430135839_and_Poll |

File Hame!C:IDDCUME~1 tagytmLOCALS~NTemphas_DSIDE0955_ V0_20100430135833%e_and_Follutant_with_Descriptions.csw

Header |#DﬁTAS ET_MAME=ptnonipm_xportfrac_cap2020ck] _rerunCoST #DATASET _YERSION_MHLUIM=0 #CF{EAT" Full Description

AN IS W I

fipsst state_ahbr state_name poll longitude ann_emis poliutant _cod
18 ! Indiana (0] -86.44 351,101.86|Carbon Maonaxide
43 T Texas Ik -100.08 283,203 44|Mitrogen oxides
43 [T Texas (0] -100.08 26016033 Carbon Maonaxide
34 [OH Ohio i -82 66 230,244 25/Carhon Monaoxide
01 Alabama co -86.68 166,268.18|Carbon Maonaxide
22 Louisiana Ik -91.42 161,836.15|Mitrogen oxides
48 Texas S0z -100.02 185 THZ 189 Sulfur Dioxide
22 Louisiana S0z2 -91.42 151,223.49|5ulfur Dioxide
22 Louisiana (0] -91.42 144,596 34| Carbon Maonaxide
06 | Califarnia co -119.26 135,023.82'Carbnn Maonoxide
43 [T Texas WD -100.08 134,793 46Molatile arganic cormpoy
17 IL llinois S0z -39.50 133,181.30|Sulfur Dioxide
24 (| Maryland (0] -77.26 108,217.81Carbon Manaxide
12 FL Flaorida co -83.82 107 277 89| Carbon Maonaxide

47 T Tennessee (0] -85.98 106,934 89| Carbon Maonaxide
g it Mihin L] ) [ I = A0E 420 2R lfur Dinvicda

Il
383 rows : 13 columns [Filter: None, Sort: ann_emis(-)]

0 = [N [T = G [P =

FUI COTNIererice Furpuses Ullly 16




Plant Summary of
N[@)7¢ (NO+NO ) Emlssmns

¥ Places add Content

This is &
ith min cukoff of 5.0,

ze Fips For

n 1073

to 41001

This |:||r| has
pollutant

s fips for
n 41001

LN N

o ResuItSW|th Iatltude/Iongltude can be exported to
a KMZ file and viewed using GooglecEasthumposesony ;-



Case Management

A Case stores information about model runs
Summary attributes (grid, time period, sectors)
Jobs to run (individual programs or scripts)
Datasets used as inputs by the jobs

Parameters needed to control the jobs

Outputs from jobs

History and results of the jobs

Has all information needed to run models and track
their results

When a job is run, EMF writes a C-shell script that:
s Specifies inputs and parameters as environment variables
= Runs the job’s program or script (using any script language)
s Reports back to the server with run status information

Job scripts can use a Java command-line client to
communicate to the server about status.and.Qutputs

o



Case Management Overview

Dataset Manager

Tell Dataset Manager
to export Inputs as
ASCII files

Datasets in
PostgreSQL

Case Manager Qp“
Generate wrapper scripts:

Case Sets Inputs and Parameters
Jobs: Run scripts as Environment Variables
Calls the job program/script

Inputs: Datasets _
to use for runs Run scripts

Parameters: model Submit Job to a queue
and script settings on a Unix/Linux computer

Run model

Client

registers

I outputs
Completed

or Failed




Case Manager

Refresh

Show Cases of Category: | Run SMOKE base year = : Name Contains: | |
IR IEaE
# mm—m Model to .. [Modeling Re..[Last Modified .

|ﬁﬁﬁﬁﬁmuuur

_\

ﬁ'ﬁEﬁEEﬁHE%E

45 rows : 19 columns: 1 Selected [Filter: None, Sort: Name(+)]

View | Edit ﬂew Remove | Copy Sensitivity | | Import | Close

m Cases are organized by Category
m The Case Manager shows available cases
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Case Editor

. Case Editor: 2006am: CAP-Cl, CB05_SOA INLINE AQMEII

| Summary | Jobs | Inputs | Parameters | Outputs | History |

Name: IEEIEIEa me CAP-CI, CBOS_S08 IMLIME ACME | Abbreviation: iB?ﬂ_EI]l]ﬁam

Category: IFIun SMOKE base year | b | Is Final: L] [ ] Is Template

Annual 2006 Emissions Processing for lafdust
GIMETT. 1251 domain with surrogates ag
developed specifically for this project. i
CBOSS0A speciation mechanism. 2006
CEM and 00A oifire inventore included |

Description:

Project: |0F!D AGMEN Copied From: 2005cm_05h

Run Status: |CDITID|EtE Last Modified By: Ryan Cleary on 04/13/2010 12:30

= |
Model & Version: |5MDHE | b | (2.4 Downstream Model: |[CMAQw4.7 N1c

Modeling Region: |Hat|unal Speciation: cmai_ch05_soa

Continental US 12km (12US51) ;
Regions: Meteorological Year: [2006

Base Year: 2006

Met/Emiis Layers: !3 1 Future Year: 2006

Start Date & Time: i|:|1lr|:|1lr2|:||:|5 0o-on End Date & Time: 1253172006 23:59

| Refresh | || Export | Save || View Parent View Related




Other EMF Components

Control Program Manager
s Stores information how existing regulations affect sources

Control Strategy Manager

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

Sector Manager

s Subsets and summarizes inventories by industrial sector

s Splits broader inventories to sector-specific ones

Speciation Tool

s Creates profiles to split inventory pollutants to model
species

Surrogate Tool

s Creates spatial surrogates to grid county-level emissions
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Summary of EMF Benefits

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

Data and run specifications are easily shared
Multiple versions of datasets are stored
Quality assurance of the data Is easier

Cases (runs) are stored perpetually

s Settings can be reviewed at any time by anyone

= Data can be recreated at a later date

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

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

Many parts of EMF are generic so that it could be
extended to run other models
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EMFE Availlability

Designed to be open source
Avalilable documentation is limited

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

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

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

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

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

= Interested In extensions to related topics:
benefits analysis, economic analysis, ...

m Comma-separated value (.csv) dataset types allow
for non-emissions data to be imported

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

@ QA templates could be developed for new formats
m Cases could be created to run other models

m Supporting other models will require some changes:
= Filtering available lists so they are specific each model
s Generalizing metadata on some editors

For Conference Purposes Only 25



Remaining Challenges

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

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

s Considering a web-based GUI in addition to the fat client

A lot of data Is spatial in nature
(e.g., points, counties)
= More mapping tools would be helpful (e.g., filled counties)

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

s Consider whether to visualize data on server or bring to
the client machine (.kmz is created on client machine)
Broader user-base requires more sophisticated

treatment of permissions (e.g., user/group/world;
user roles)

Ildentifying potential collaborators for extensions
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	The Emissions Modeling Framework: �A System for Managing and Running Complex Environmental Simulations and Data��Alison Eyth�U.S. EPA �Office of Air Quality �Planning and Standards�eyth.alison@epa.gov
	Emissions Inventories
	Air Quality Model Results
	Emissions Modeling
	Why Build the EMF?
	Prior Attempts at Modeling Frameworks
	Slide Number 7
	Major Components of the EMF
	EMF Architecture at EPA
	EMF Main GUI
	Dataset Manager
	Dataset Properties Editor
	Data Editor
	QA Management
	Adding a QA Step from a Template
	Viewing QA Step Results
	Plant Summary of �NOx (NO+NO2) Emissions
	Case Management
	Case Management Overview
	Case Manager
	Case Editor
	Other EMF Components
	Summary of EMF Benefits
	EMF Availability
	Possibility for Applications other than Emissions Modeling
	Remaining Challenges

