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Modeling Nonroad Emissions in TexasModeling Nonroad Emissions in Texas
Many bottomMany bottom--up surveysup surveys
–– Diesel ConstructionDiesel Construction

24 sub24 sub--sectorssectors
–– Lawn and Garden Lawn and Garden 
–– LPG Forklifts, etc.LPG Forklifts, etc.

RegionRegion-- and Seasonand Season--specific inputsspecific inputs
–– Temperature / Fuel SpecificationsTemperature / Fuel Specifications

HighlyHighly--detailed postdetailed post--processing adjustmentsprocessing adjustments
–– AmmoniaAmmonia
–– Soil and Ground CoverSoil and Ground Cover
–– AltitudeAltitude
–– Temperature and Humidity NOx AdjustmentsTemperature and Humidity NOx Adjustments
–– Emission Controls (e.g. TxLED)Emission Controls (e.g. TxLED)



Modeling Nonroad Emissions in Texas Modeling Nonroad Emissions in Texas 
(cont.)(cont.)

Unique profiles at the sector/subUnique profiles at the sector/sub--sector sector 
level:level:
–– PopulationPopulation
–– ActivityActivity
–– GrowthGrowth
–– Temporal AllocationTemporal Allocation
Each profile can vary by:Each profile can vary by:
–– County/RegionCounty/Region
–– SCCSCC



A SubA Sub--sector Example:sector Example:
24 Construction Sub24 Construction Sub--sectors for Diesel Constructionsectors for Diesel Construction

•• Agricultural ActivitiesAgricultural Activities
•• Boring and Drilling EquipmentBoring and Drilling Equipment
•• Brick and Stone OperationsBrick and Stone Operations
•• City and County Road City and County Road 

ConstructionConstruction
•• Commercial ConstructionCommercial Construction
•• Concrete OperationsConcrete Operations
•• CountyCounty--Owned Construction Owned Construction 

EquipmentEquipment
•• CranesCranes
•• Heavy Highway ConstructionHeavy Highway Construction
•• Landfill OperationsLandfill Operations
•• Landscaping ActivitiesLandscaping Activities
•• Manufacturing OperationsManufacturing Operations

•• MunicipalMunicipal--Owned Construction Owned Construction 
EquipmentEquipment

•• Transportation/Sales/ServicesTransportation/Sales/Services
•• Residential ConstructionResidential Construction
•• Rough Terrain ForkliftsRough Terrain Forklifts
•• Scrap/Recycling OperationsScrap/Recycling Operations
•• Skid Steer LoadersSkid Steer Loaders
•• Special Trades ConstructionSpecial Trades Construction
•• TrenchersTrenchers
•• TxDOT Construction TxDOT Construction 

EquipmentEquipment
•• Utility ConstructionUtility Construction
•• Mining and Quarry OperationMining and Quarry Operation
•• OffOff--Road Tractors, Road Tractors, 

Miscellaneous Equipment, and Miscellaneous Equipment, and 
all Equipment under 25 all Equipment under 25 
horsepowerhorsepower



Limitations of NONROADLimitations of NONROAD

No countyNo county--specific activity, growthspecific activity, growth
DCE not broken out into subDCE not broken out into sub--sectorssectors
Need to run counties and construction Need to run counties and construction 
subsub--sectors individually, manually postsectors individually, manually post--
processing adjustmentsprocessing adjustments
–– LaborLabor--intensiveintensive
–– Problems with consistency across users and Problems with consistency across users and 

transparency of datatransparency of data



Nonroad Analysis and Nonroad Analysis and 
Emissions Estimation System Emissions Estimation System 

(NAEES) (NAEES) -- OverviewOverview
Major ComponentsMajor Components
–– GUI (VB.NET)GUI (VB.NET)
–– DB/file processor (DB/file processor (MySQLMySQL 5.0)5.0)
–– NONROAD 2005NONROAD 2005
–– Modified ACCESS Reporting Utility (Access Modified ACCESS Reporting Utility (Access 

2002)2002)



NAEES Data Flow Diagram
GUI

Create, Open, Save, Copy, 
Delete Scenario, Close

Scenario Name
Report Title
Source File

Author
Comments

Enable TxLED Flag

Select period
Episode Year
Growth Year

Max Tech Year
MET Year

Period
Summation Type

(daily, seasonal, annual)

Select Region(s)
Counties

(individually or by region)

Selected Sources
Fuel

Equipment (SCCs)
(Individually or by segment)

Retrofit
Retro yr start/end
Model yr start/end

SCC
Technology Type

HP min/max
Annual retrofit Factor

Retrofit Effectiveness Range
Pollutants

Fuel and Climate
Seasonal data:

•Gasoline
- RVP, Oxygen, Sulfur

•Diesel
- Sulfur

•Temperature (min/max/avg)
•Humidity (average)

Activity
For each county:

(DCE: For each sub-sector:)
SCC

Hrs/yr

Seasonality:
For each county:

(Annual: For each season: )
SCC

Monthly or
Weekday/Weekend activity

factors

Population
For each county:

Base Year
SCC

Avg HP
Pop

Growth
For each county:

(DCE: For each sub-sector: )
Year

Indicator value



GUI  Procedure:
Create individual option & input files for
each run, execute NONROAD model

GUI Procedure:
Monitor progress of model and execute

next step when finished

Existing
NONROAD Model

Runs and generates Output Files

GUI Procedure:
Read OUTPUT file data into

database

GUI Procedure:
Apply factors to individual

output file data and aggregate
as appropriate (i.e.,
summer + winter)

GUI Procedure:
Aggregate all individual
files into one Scenario

output file

Modified Access/Reporting Utility:
Reports based on single,

aggregated Scenario
Output File

Export to Excel
Export to NIF3.0

MySQL database

NAEES Data Flow Diagram
Post-Processing and Reporting



Graphical User InterfaceGraphical User Interface
Select run parametersSelect run parameters
Review/edit supporting data for a given scenarioReview/edit supporting data for a given scenario
Interacts with a Interacts with a MySQLMySQL databasedatabase
–– Generates Option (.opt) Files (including temp, fuel, etc.)Generates Option (.opt) Files (including temp, fuel, etc.)
–– Creates ScenarioCreates Scenario--specific data filesspecific data files

Launches NONROAD for each run within a scenario. Launches NONROAD for each run within a scenario. 
Calls the NAEES postCalls the NAEES post--processing driverprocessing driver
–– Imports NONROAD output files into the databaseImports NONROAD output files into the database
–– Performs postPerforms post--processing adjustmentsprocessing adjustments
–– Performs aggregationPerforms aggregation
–– Exports a single aggregated output file for each scenarioExports a single aggregated output file for each scenario















DatabaseDatabase
MySQLMySQL
–– FreewareFreeware
–– Version 5.0Version 5.0

Scenario/File ManagementScenario/File Management
PostPost--processing Adjustmentsprocessing Adjustments
–– County and yearCounty and year--specific temperature and humidity adjustments specific temperature and humidity adjustments 

for NOx emissionsfor NOx emissions
–– Adjustments for Texas Low Emission Diesel (TxLED) impactsAdjustments for Texas Low Emission Diesel (TxLED) impacts
–– Altitude, correcting for engine efficiencyAltitude, correcting for engine efficiency
–– Soil compaction, reflecting ease or difficulty diggingSoil compaction, reflecting ease or difficulty digging
–– Ground cover, reflecting ease or difficulty in landGround cover, reflecting ease or difficulty in land--clearingclearing



One for each of the DCE sectors and one for NonOne for each of the DCE sectors and one for Non--DCEDCE
Equipment for each county for each seasonEquipment for each county for each season
[(24 + 1) SCC segments * 254 counties * 4 seasons][(24 + 1) SCC segments * 254 counties * 4 seasons]

25,40025,400AllAllStatewideStatewideAnnualAnnual

One for each of the 24 DCE sectors for each of the selectedOne for each of the 24 DCE sectors for each of the selected
countiescounties
[24 segments * 3 counties][24 segments * 3 counties]

7272DCEDCEThreeThree
CountiesCounties

OSD orOSD or
One SeasonOne Season

One for each of the 4 seasons and each of the 24 DCE sectorsOne for each of the 4 seasons and each of the 24 DCE sectors
for the selected countyfor the selected county
[24 segments * 1 county * 4 seasons][24 segments * 1 county * 4 seasons]

9696DCEDCEOneOne
CountyCountyAnnualAnnual

One for each of the 24 DCE sectors for the selected countyOne for each of the 24 DCE sectors for the selected county
[24 segments * 1 county][24 segments * 1 county]2424DCEDCEOneOne

CountyCounty
OSD orOSD or

One SeasonOne Season

One for each selected countyOne for each selected county
[1 segment * 3 counties][1 segment * 3 counties]33NonNon--DCEDCEThreeThree

CountiesCounties
OSD orOSD or

One SeasonOne Season

One for each County and SeasonOne for each County and Season
[1 segment * 1 county * 4 seasons][1 segment * 1 county * 4 seasons]44NonNon--DCEDCEOneOne

CountyCountyAnnualAnnual

One for the selected county One for the selected county 
[1 segment * 1 county][1 segment * 1 county]11

NonNon--DieselDiesel
ConstructionConstruction
EquipmentEquipment
(Non(Non--DCE)DCE)

OneOne
CountyCounty

OzoneOzone
Season Day Season Day 

(OSD) or(OSD) or
One SeasonOne Season

EquipmentEquipmentRegionRegionPeriodPeriod
How the Number of Runs are CalculatedHow the Number of Runs are Calculated

NumberNumber
ofof

RunsRuns

User SelectionsUser Selections

Scenario/File ManagementScenario/File Management



ReportingReporting
Modified NONROAD ACCESS Reporting UtilityModified NONROAD ACCESS Reporting Utility

–– Opened through Scenario dropOpened through Scenario drop--down within NAEESdown within NAEES
–– Almost identical to the NONROAD versionAlmost identical to the NONROAD version
–– Two additional standard query reportsTwo additional standard query reports

Emission Totals by County and SCCEmission Totals by County and SCC
Emission Totals by Horsepower and SCCEmission Totals by Horsepower and SCC

–– Ammonia emissions included in NIF3.0 and Excel export filesAmmonia emissions included in NIF3.0 and Excel export files



ConclusionsConclusions
Provides a central repository for different equipment populationProvides a central repository for different equipment population and and 
activity profiles across the state activity profiles across the state 

Reduces the effort associated with NONROAD file preparation, Reduces the effort associated with NONROAD file preparation, 
model execution, and output file aggregationmodel execution, and output file aggregation
–– GUI allows users to directly view and update supporting dataGUI allows users to directly view and update supporting data
–– Database backDatabase back--end creates Option files allowing dynamic population of end creates Option files allowing dynamic population of 

key fields and enforces certain data constraintskey fields and enforces certain data constraints

Promotes internal consistency and reproducibility across users Promotes internal consistency and reproducibility across users 
–– The Scenario Tab allows users to clearly document iterative modeThe Scenario Tab allows users to clearly document iterative modeling ling 

changes for sensitivity analyses and inventory updateschanges for sensitivity analyses and inventory updates
–– Resulting Resulting ““data transparencydata transparency”” is valuable for inventory QA, as well as is valuable for inventory QA, as well as 

emission control assessmentsemission control assessments



Conclusions (cont.)Conclusions (cont.)

Improves  precision, functionality, efficiency, documentation, aImproves  precision, functionality, efficiency, documentation, and nd 
data integrity of the emissions modeling process data integrity of the emissions modeling process 

NAEES provides a foundation for highly resolved inventory NAEES provides a foundation for highly resolved inventory 
development within equipment use categories, and can easily be development within equipment use categories, and can easily be 
expanded to other sectors (e.g., agricultural/industrial equipmeexpanded to other sectors (e.g., agricultural/industrial equipment)  nt)  


