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1.0 Introduction 

In December 2008, the EPA promulgated the Air Emissions Reporting Requirements 

(AERR).  For mobile sources, the AERR requires that model inputs be provided for 

mobile sources, rather than the actual emissions.1  In addition to activity data, state 

agencies may also submit emissions inventories for criteria pollutants, and optionally 

hazardous air pollutants (HAPs), using the EPA’s Emissions Inventory System (EIS).  

The data provided to EPA under the AERR is used to develop the National Emissions 

Inventory (NEI), which is used by EPA in support of evaluating National Ambient Air 

Quality Standards (NAAQS), assessing interstate transport of air pollutants, air toxics 

programs, and for international reporting.2  In accordance with the AERR, and in 

support of the NEI development, the Texas Commission on Environmental Quality 

develops and submits periodic emissions inventories every three years for annual (tons 

per year) and average summer weekday (tons per day) emissions.  This report focuses 

on the development for the AERR activity data and emissions inventory submission for 

the NONROAD model category mobile sources.  The AERR submission includes annual 

and summer weekday emissions and activity data for criteria air pollutants (CAPs) and 

CAP precursors as well as hazardous air pollutants (HAPs) for nonroad mobile 

categories included within the Texas Nonroad (TexN) model. 

The TexN model is a tool for developing emissions estimates for nonroad mobile sources 

in Texas for the mobile source categories under the United States Environmental 

Protection Agency’s (EPA) NONROAD model.  The model allows TCEQ staff to replace 

EPA default data with local bottom-up data.  Currently, the TexN model is used by 

TCEQ staff, local air quality planning agencies, and other nonroad mobile stakeholders 

in order to facilitate the use of locally developed activity and population data for 

nonroad mobile sources, and to standardize the emissions estimation methodologies 

among the different submitting agencies in Texas.  The TCEQ supplies all interested 

parties with the latest model, which reflects TCEQ updates to specific data, and 

coordinates the integration of all local changes.  The emissions estimates developed 

using this integrated model are used for state implementation plan modeling efforts, the 

EPA’s reporting requirements, trends analyses, and air quality modeling purposes. 

Using the Texas NONROAD (TexN) model version 1.7.1, which incorporates all of the 

latest available data updates, ERG developed both annual and average summer weekday 

emissions for CAPs and HAPs for the year 2014.  Furthermore, the activity data within 

TexN was used as the basis for the required activity data submittal for the AERR, which 

conforms to the National Mobile Inventory Model (NMIM) National County Database 

                                                   
1 “FACT SHEET – Revisions to the Air Emissions Reporting Requirements: Revisions to Lead (Pb) Reporting 

Threshold and Clarifications to Technical Reporting Details,” U.S. EPA, 

http://www.epa.gov/ttn/chief/aerr/revisions_fact_sheet_final_ruleV2.pdf 
2 “2014 NEI Plan,” U.S. EPA, http://www.epa.gov/ttn/chief/net/2014nei_files/2014_nei_plan.pdf 
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(NCD) format.  According to the “Instructions for Submitting NONROAD Inputs for the 

2014 NEI,”3 EPA plans to use the most current version of the Motor Vehicle Emission 

Simulator (MOVES) model to estimate nonroad emissions.  However, EPA recognizes 

that the recent release of the newest version of the MOVES model, which is capable of 

nonroad emissions estimation, is not expected to be widely used in time for most 

agencies to be familiar with its use for nonroad emission estimation.  Therefore, EPA is 

accepting NMIM NCD inputs for nonroad for the 2014 NEI.  

This report presents the summaries of the emissions modeling results and discusses 

how the emissions and activity data were developed for the AERR submittal.   

Appendix A provides a very brief summary from where each of the critical TexN model 

inputs were derived from.  Please note that TCEQ has a number of reports that have 

been generated over the evolution of the TexN model that go into greater detail about 

the development of each of the model inputs and subsequent data updates. 

In addition to the 2014 AERR submittal, ERG has also developed emissions trend 

inventories for both controlled and uncontrolled typical summer weekday emissions for 

the years 2008 through 2040 for TexN model categories. 

                                                   
3 

http://www.epa.gov/ttn/chief/net/2014nei_files/Instructions%20for%20Nonroad%20Inputs%20to%20the%202014%

20NEI_20150528.pdf 
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2.0 TexN Updates 

Three key updates were made to TexN under this work order prior to executing the 

model to produce the 2014 emissions estimates.  Once these updates were completed, 

ERG compiled a new installation package for TexN version 1.7.1, which was used for the 

completion of the AERR emissions inventory and activity data submission.  Several 

other updates have been completed under separate work orders, which are also included 

in this version of TexN. 

2.1 Fuel Data 

In order to maintain a high confidence level in the fuel parameters used in the 

development of emission inventories, trend analysis and control strategy analysis, the 

TCEQ has undertaken a program to periodically collect and analyze fuel samples. The 

data ensures the accuracy of local specific fuel information and also provides the best 

data available to be used in analyses to support Texas State Implementation Plan (SIP) 

and control strategy development.  The latest fuel sampling data, conducted in the 

summer of 20144, was incorporated into TexN for this modeling effort. 

2.2 Meteorological Data 

Per instructions from the TCEQ project manager, ERG updated the meteorological data 

for 2014 using meteorological data workups provided by TCEQ.  Prior to this update, the 

meteorological data within TexN included data up to May 2014.  In order to have a 

complete year of data for 2014, and also to maintain consistency with other emission 

inventory development efforts (e.g., onroad mobile), ERG updated the TexN 

meteorological data for 2014 using files developed by TCEQ and downloaded from their 

ftp site (ftp://amdaftp.tceq.texas.gov/pub/Mobile EI/Statewide/mvs/2014/).  Four files were 

downloaded from this site, each containing TexN-ready data work-ups: 

 mvs-tex-25-txdot-districts-2014-temp-rhum-bprs-fall.zip 

 mvs-tex-25-txdot-districts-2014-temp-rhum-bprs-spring.zip 

 mvs-tex-25-txdot-districts-2014-temp-rhum-bprs-summer.zip 

 mvs-tex-25-txdot-districts-2014-temp-rhum-bprs-winter.zip 
 

2.3 Update Reporting Utility for Mercury Emissions 

The EPA consolidated the emissions outputs for mercury, requiring a single output for 

mercury emissions instead of the three previously allowed.  Prior to this update, and in 

accordance with the way NMIM operates, the TexN model produced emissions for 

elemental gaseous mercury, gaseous divalent mercury, and particulate divalent mercury 

                                                   
4 Eastern Research Group, 2014 Summer Fuel Field Study (Revised), prepared for Texas Commission on 

Environmental Health (TCEQ), Revised January 2015. 
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as three distinct outputs.  The AERR requires that the emissions for these three 

pollutants be combined and reported only as mercury, having the pollutant code of 

7439976.  Based on this requirement, ERG updated the TexN reporting utility to 

combine the emission factors for the three discrete mercury pollutants to produce a 

single emissions output for mercury. 

2.4 Other Updates 

A few other studies have been incorporated into TexN since the last NEI submissions, 

most notably, work done for the Capital Area Council of Governments, which is 

described here. 

2.4.1 Heavy-Highway Emission Inventory Update5 

This study developed site-specific emission inventory estimates for heavy-highway 

construction projects performed in the 5-county Austin-Round Rock-San Marcos 

Metropolitan Statistical Area (MSA) during 2006 and 2008.  These counties include 

Bastrop, Caldwell, Hays, Travis, and Williamson.  ERG obtained historical highway 

project information from Daily Work Reports obtained from the Texas Department of 

Transportation (TxDOT) and used this information to develop equipment use profiles 

for diesel construction equipment having greater than 25 horsepower used in heavy-

highway construction.  Profiles were created for five project types:  bridgework, 

new/rebuild, repair/resurface, turn lane addition, and miscellaneous. 

This same methodology was used to develop profiles for 20126 and 2018.7 

2.4.2 Construction Equipment Update8 

Under this work order, Diesel Construction Equipment (DCE) profiles for population 

and activity were updated for some key DCE subsectors in TexN for the Capital Area 

Council of Governments (CAPCOG) region.  These subsectors included:  commercial 

construction, residential construction, utility construction, city and county road 

construction, Texas Department of Transportation-owned equipment, and cranes.  The 

counties included in the update were:  Bastrop, Caldwell, Hays, Travis, Williamson, 

Blanco, Burnet, Fayette, Lee, Llano, and Milam. 

 

                                                   
5 “Heavy-Highway Emission Inventory Update.” Prepared for Capital Area Council of Governments by ERG. April 

9, 2013. 
6 “Heavy-Highway Emission Inventory Update - 2012.” Prepared for Capital Area Council of Governments by 

ERG. May 31, 2013. 
7 “Heavy-Highway Emission Inventory Update - 2018.” Prepared for Capital Area Council of Governments by 

ERG. December 13, 2013. 
8 “Construction Equipment Update.” Prepared for Capital Area Council of Governments by ERG.  December 30, 

2014. 
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3.0 Emission Inventory Development 

Having completed the required TexN model updates, the TexN version 1.7.1 was used to 

create the CAPs and HAPs annual and typical summer weekday emissions estimates for 

the 2014 AERR for all counties within Texas and for all sources included within the 

TexN model. 

3.1 Inventory Development 

In order to expedite processing times and to control file sizes, the state was subdivided 

into several county groupings, each requiring its own TexN run.  For each county 

grouping, the model was executed twice:  once to estimate annual emissions and 

another to estimate typical summer weekday emissions.  Each model run created an 

output file which was then imported into the TexN reporting utility.  Then, using the 

NIF3.0 and XML export feature of the reporting utility, each run was exported, 

automatically creating properly formatted NIF3.0 and XML files for each data set. 

For the XML reporting required by the Emissions Inventory System (EIS), all time 

periods (annual and OSD) and pollutants for a given county must be included in a single 

file for submission.  While the XML files created by TexN included both CAPs and 

HAPs, it resulted in a separate XML file for each time period.  In order to facilitate the 

accurate and timely combining of multiple XML files, ERG used the MS Access 

application built by ERG for TCEQ for the 2008 NEI.  The name of the application is 

XMLCombiner.app and has been provided to TCEQ again along with this report. 

To use the XML combiner application, the XML files being combined must be in the 

same directory.  Once the XML file combiner application is installed, all that is required 

of the user is to browse to the directory where the XML files you wish to combine are 

located and select one of the XML files.  Next, simply click the Combine button.  The 

application combines the multiple XML files, creating a new file in that same directory.  

Each combined XML file represents all time periods and all pollutants for one set of 

counties.  Once the combined XML files for each county group were created, they were 

submitted by TCEQ up to the EPA EIS QA environment and passed the initial quality 

assurance checks, generating only some warnings for out-of-range emissions, which has 

been typical for past TCEQ submissions. 

While the XML files were successfully submitted to and passed the EPA’s EIS XML 

submission QA, these same files were apparently too large for successful submission to 

TCEQ’s legacy data repository, TexAER.  In order to overcome this challenge, the XML 

files were imported into EPA’s MS Access© bridge tool, subdivided into even smaller 

county groupings using queries executed against the emissions table, then exported to a 

new, smaller XML file. 
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3.2 Emissions Estimates 

Tables 3-1 through 3-15 present the summaries of the emissions for the 2014 AERR. 
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4.0 Activity Data 

TexN currently houses the most detailed and disaggregated data available for calculating 

emissions for many non-road sources in Texas.  However, the EPA prefers to receive 

activity data for updating county-level activity data according to either the MOVES 

County Database (CDB) or the NMIM National County Database (NCD) instead of 

emissions data.  The data within TexN are more disaggregated than the structure for 

NMIM can accommodate, requiring the data within TexN to be aggregated and 

formatted to match the NMIM data structures as much as possible in order to comply 

with the EPA’s requirement that activity data be submitted for the 2014 AERR.  

Submitting activity data to the EPA for the EIS AERR consists of two parts.  The first 

part involves updating some data tables within the NMIM MySQL National County 

Database (NCD).  The second part involves updating the external files that will be used 

by EPA’s emission model. 

As part of the 2014 activity data submission, EPA is requiring a spreadsheet checklist 

that indicates where county-specific data has been provided.  Table 4-1 shows a 

summary of this checklist for the Texas submittal. 
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Table 4-1.  2014 AERR NCD Checklist (Statewide) 

Accept EPA Default Values  
NMIM County  
NMIM CountyYearMonth X 
NMIM CountyNRFile X 
NMIM CountyYear X 
NMIM CountyYearMonth X 
NMIM Diesel X 
NMIM Gasoline X 
NMIM NaturalGas  
Yearly activity rates (yy.act) X 
Seasonal allocations (sea) X 
Source populations (pop) X 
Growth rates (grw) X 
Residential snowblower allocations (sbr.alo) X 
Commercial snowblower allocations (sbc.alo) X 
Snowmobile allocations (snm.alo) X 
Farming equipment allocations (frm.alo) X 
Construction equipment allocations (con.alo) X 
Outboard watercraft allocations (wob.alo) X 
Inboard watercraft allocations (wib.alo) X 
Golf equipment allocations (gc.alo) X 
Airport equipment allocations (air.alo) X 
Mining equipment allocations (min.alo) X 
Wholesale establishment allocations (com.alo) X 
Logging equipment allocations (log.alo) X 
Commercial landscaping allocations (lsc.alo) X 
Manufacturing equipment allocations (mfg.alo) X 
Oil production equipment allocations (oil.alo) X 
Recreational vehicle park allocations (rvp.alo) X 
Human population allocations (pop.alo) X 
Household allocations (hou.alo) X 
Railway maintenance equipment allocations (rr.alo) X 

 

4.1 NCD Tables 

According to the EPA documentation, there are eleven key tables within the NCD that 

states may update for the activity data submittal.  While it is understood that EPA will 

not use any meteorological updates provided, the tables relating to meteorological data 

were updated and provided as a matter of record.  Table 4-2 shows the updates made for 

each of the NCD tables. 
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5.0 2008 – 2040 Emissions Trends 

Using TexN version 1.7.1, ERG created statewide controlled and uncontrolled emissions 

inventories for typical summer weekday emissions for the years 2008 through 2014.    

The following sections illustrate the trends analysis results for statewide totals and 

totals for selected areas, for specified pollutants.  

5.1 Controlled Emissions 

5.1.1 Federal Rules 

The individual federal rules impacting nonroad sources within the TexN model are: 

 Rule #1:  Emission Standards for New Nonroad Spark-ignition Engines at 
or below 19 Kilowatts - “Phase I Small SI Rule”   

 Rule #2:  Federal Emission Standards for Heavy-Duty and Nonroad 
Engines - “1998 HD and Nonroad Rule” 

 Rule #3:  Tier 1, 2 and Tier 3 Emission Standards: Control of Emissions of 
Air Pollution from Nonroad Diesel Engines - “Tier 1, 2 and 3 Rule” 

 Rule #4:  Final Phase II Standards for Small Nonroad SI Handheld 
Engines - “Phase II Small SI Rule” 

 Rule #5:  Emission Standards for New Nonroad Engines: Large Industrial 
SI Engines, Recreational Vehicles, and Diesel Recreational Marine Engines 
- “Large SI Rule” 

 Rule #6:  Clean Air Nonroad Diesel - Tier 4 Final Rule – “Tier 4 Rule” 
 

Table 5-1 shows the phase-in dates, equipment types and hp ranges for each rule. Each 

of these rules is discussed in more detail below. 
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parts of the state may have gasoline with a RVP as high as 7.8 psi.  During the winter 

months, the areas using RFG may have a RVP as high as 11.5 psi, equal to that of 

conventional gasoline.  The TxLED program applies to diesel fuel sold in a 110-county 

area in central and eastern Texas.  The TxLED program requires diesel fuel to have less 

than 10 percent aromatic hydrocarbons by volume and a cetane number of 48 or 

greater.  Alternative formulation may be acceptable, if meeting the standards and 

approved by TCEQ. 

5.1.3 Emissions Trends 

The sections below present the current results for both the controlled and uncontrolled 

emissions, population, and activity data for the 2008 through 2040 trends.  The plots 

illustrate statewide controlled versus uncontrolled emissions, population, and activity.  

The plots clearly show the effectiveness of the collective controls on targeted emissions: 

VOC, NOX, PM10, and PM2.5.  Although the population and activity for the controlled and 

uncontrolled scenarios are exactly the same and increase over time, as expected, the 

plots clearly illustrate the associated emissions for these targeted pollutants decrease.  

5.1.3.1 Controlled Emissions Trends 

The resulting trends data for selected areas and for specified pollutants can be seen 

below.   
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5.1.3.2 Uncontrolled Emissions 

To create the uncontrolled emissions, the adjustments for TxLED and RFG gasoline 

were turned off (not applied) and  alternative technology type files for both exhaust 

emissions and evaporative emissions were created, setting the technology phase-ins to 

the year 1900 for all cases, which is the oldest available year in the technology type file, 

thus modeling an uncontrolled scenario.  The results of the uncontrolled emissions for 

specific areas and pollutants are presented below.  
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5.1.3.3 Controlled vs. Uncontrolled Emissions, Population, and Activity 

The following plots illustrate controlled versus uncontrolled emissions, population, and 

activity.  The plots clearly show the effectiveness of the collective controls on targeted 

emissions: VOC, NOX, PM10, and PM2.5.  Although the population and activity for the 

controlled and uncontrolled scenarios are exactly the same and increase over time, as 

expected, the plots clearly illustrate the associated emissions for these targeted 

pollutants decrease.   

A slight dip in the trend line for VOC (Figure 5-4) and CO (Figure 5-6) is observed in 

2011, which reflects an overall increase in fuel oxygen weight percent.  As fuel oxygen 

weight percent goes up, emissions go down.9  The statewide average oxygen weight 

percent in 2010 was 0.44, and in 2011 went up to 2.94. 

Conversely, for NOX, changes in fuel oxygen weight percent, as seen in 2011, result in an 

increase in NOX emissions.  This explains the slight increase in NOX emissions, as seen 

in Figure 5-5. 

Figure 5-9 shows a relatively sharp drop in SO2 emissions in 2010.  This drop is 

indicative of the significant changes in diesel sulfur that occurred in 2010.  The 

statewide average diesel sulfur in 2009 was 322 ppm.  In 2010, this dropped to a 

statewide average of 15 ppm.  This also explains why the controlled and uncontrolled 

emissions for SO2 track almost exactly.  One of the key variables when calculating 

emissions for SO2 is fuel sulfur level.  Fuel sulfur inputs were not changed between the 

controlled and uncontrolled scenarios. 

 

 

                                                   
9 “Exhaust Emission Effects of Fuel Sulfur and Oxygen on Gasoline Engines.” US EPA.  December 2005.  

http://www3.epa.gov/otaq/models/nonrdmdl/nonrdmdl2005/420r05016.pdf  
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Figure 5-1.  2008 – 2040 Statewide Population and Activity Trends 
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Figure 5-2.  2008 – 2040 Statewide OSD Controlled VOC and NOX Emissions (tons/day) 
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Figure 5-3.  2008 – 2040 Statewide OSD Controlled PM10, PM2.5, and SO2 Emissions (tons/day) 
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Figure 5-4.  2008 – 2040 Statewide OSD Controlled vs. Uncontrolled Emissions (tons/day) – VOC 
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Figure 5-5.  2008 – 2040 Statewide OSD Controlled vs. Uncontrolled Emissions (tons/day) – NOX 
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Figure 5-6.  2008 – 2040 Statewide OSD Controlled vs. Uncontrolled Emissions (tons/day) – CO 
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Figure 5-7.  2008 – 2040 Statewide OSD Controlled vs. Uncontrolled Emissions (tons/day) – PM10 
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Figure 5-8.  2008 – 2040 Statewide OSD Controlled vs. Uncontrolled Emissions (tons/day) – PM2.5 
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Figure 5-9.  2008 – 2040 Statewide OSD Controlled vs. Uncontrolled Emissions (tons/day) – SO2 
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A. Input Data Sources 

The following sections are meant only to provide a very brief summary of where the 

TexN inputs were derived from.  Additional detail may be found in the numerous 

reports for studies conducted by TCEQ throughout the life of TexN. 

A.1 Equipment Population, Allocation, and Activity Data10 

The TCEQ and others have conducted several studies over the years to collect region 

specific population and activity data for selected non-road engine categories, in order to 

improve upon NONROAD default estimates.  Working with TCEQ staff, ERG compiled a 

comprehensive list of the most recent data developed for different equipment types and 

regions of the State for inclusion in the TexN model.  The sources of the data for each 

equipment type and region are presented in Tables A-1 through A-6 below.  The 

methods used to estimate equipment populations and activity levels can be quite 

complex; in depth discussions of the various methodologies used are provided in the 

referenced studies. 

Table A-1. Sources of Equipment Population Data 

Equipment Types Region Data Source 
Diesel Construction Equipment 
> 25 hp 

Dallas-Fort Worth 
(DFW) 9-county 
nonattainment area 
11 

Eastern Research Group, Ozone Science and 
Air Modeling Research Project H43T163:  
Diesel Construction Equipment Activity and 
Emissions Estimates for the Dallas/Ft. Worth 
Region, prepared for The Houston Advanced 
Research Center, August 31, 2005 

Diesel Construction Equipment 
> 25 hp, except HGB12 cranes 

Statewide excluding 
9-county DFW area 

Eastern Research Group, Nonroad Ammonia 
Emissions Inventory Development, prepared 
for Texas Commission on Environmental 
Quality, November 24, 2006 

Mining and Quarry, Special 
Trades, Scrap and Recycling, 
Utility, Rough Terrain Forklifts 
(RTFs), and Skid Steer Loaders 
Diesel Construction Equipment 

Statewide Eastern Research Group, Update of Diesel 
Construction Equipment Emissions Estimates 
for the State of Texas, Prepared for TCEQ, 
August 31, 2008. 

Mining and Quarry Diesel 
Construction Equipment 

Alamo Area Council 
of Governments 
area 

AACOG Chapter 2, Table 2-27, 2005 Non-
road Emissions Inventory 

                                                   
10 Information taken from TexN User’s Guide unless otherwise noted.  Eastern Research Group, Texas NONROAD 

(TexN) Model Version 1.0 User’s Guide, Work Order No. 582-7-84003-FY-08-09, August 18, 2008. 
11 Includes Collin, Dallas, Denton, Ellis, Johnson, Kaufman, Parker, Rockwall, and Tarrant Counties. 
12 Includes Brazoria, Chambers, Fort Bend, Galveston, Harris, Liberty, Montgomery, and Waller Counties. 
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Equipment Types Region Data Source 
Heavy Highway Diesel 
Construction Equipment 

Statewide Eastern Research Group, Update of DCE 
Emission Estimates for the State of Texas 
Phase I and Phase II, July 31,2009 

and 
Eastern Research Group, Update of Heavy-
Highway Portion of Diesel Construction 
Equipment Inventory Using New Data 
Sources, prepared for TCEQ, July 15, 2014. 

Diesel Cranes Houston-
Galveston-Brazoria 
(HGB) 
nonattainment area 

Eastern Research Group, Nonroad Mobile 
Source Emissions Inventory Development for 
the Houston-Galveston-Brazoria Area, 
submitted to the Houston-Galveston Area 
Council, July 28, 2006 

LPG Forklifts DFW 9-county area 
and HGB 
nonattainment 
areas 

Eastern Research Group, Data Collection, 
Sampling and Emissions Inventory 
Preparation Plan for Selected Commercial and 
Industrial Equipment: Phase II, Final Report, 
prepared for the Texas Commission on 
Environmental Quality, August 31, 2005 

Terminal Tractors and 
Transportation Refrigeration 
Units 

DFW 9-county 
nonattainment area 

Eastern Research Group, Data Collection, 
Sampling and Emissions Inventory 
Preparation Plan for Selected Commercial and 
Industrial Equipment: Phase II, Final Report, 
prepared for the Texas Commission on 
Environmental Quality, August 31, 2005 

Transportation Refrigeration 
Units 

HGB 
nonattainment area 

Eastern Research Group, Nonroad Mobile 
Source Emissions Inventory Development for 
the Houston-Galveston-Brazoria Area, 
submitted to the Houston-Galveston Area 
Council, July 28, 2006 

Commercial Lawn and Garden Statewide Eastern Research Group, Development of 
Commercial Lawn and Garden Emissions 
Estimates for the State of Texas and Selected 
Metropolitan Areas, prepared for Texas 
Commission on Environmental Quality, 
November 24, 2003 

Recreational Marine Statewide (except 
HGB area) 

Eastern Research Group, Recreational Marine 
Emissions Inventory, prepared for the Texas 
Commission on Environmental Quality, 
August 28, 2002 

Recreational Marine HGB 
nonattainment area 

E.H. Pechan & Associates, Development of 
2007 Recreational Marine Emissions 
Inventory: Spatial and Temporal Allocation In 
the Houston-Galveston-Brazoria 8-County 
Area, 200813 

Agricultural Equipment Statewide E.H. Pechan & Associates, Inc. 
All remaining equipment –see 
below 

See below NONROAD defaults - User’s Guide for the 
Final NONROAD2005 Model, EPA420-R-05-
013, December 2005 

 

                                                   
13 E.H. Pechan & Associates, Development of 2007 Recreational Marine Emissions Inventory: Spatial and Temporal 

Allocation in the Houston-Galveston-Brazoria 8-County Area, 2008. 
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Equipment population estimates were taken from NONROAD defaults for the following 

equipment categories. 

 Commercial – all equipment/fuel types 

 Logging – all equipment/fuel types 

 Railroad – all equipment/fuel types 

 Recreational vehicles – all equipment/fuel types 

 Residential lawn and garden – all equipment/fuel types 

 Industrial – all equipment/fuel types excluding LPG forklifts in DFW and 
HGB, Transportation Refrigeration Units and Terminal Tractors in DFW 

 Construction and Mining – all gasoline, LPG, CNG 

 Construction and Mining – diesel < 25 hp 

 Construction and Mining – diesel > 25 hp: 
— Tampers/Rammers 

— Plate Compactors 

— Signal Boards/Light Plants 

— Concrete/Industrial Saws 

— Crushing/Processing Equipment 

— Cement/Mortar Mixers 

— Dumpers/Tenders 

— Off-Highway Tractors 

— Other Construction Equipment 

 

Table A-2.  Spatial Allocation Surrogates for Diesel Construction Equipment 

Sector Surrogate 
Agricultural Dollar value outputs from Texas Regional Economic 

Models, Inc. (REMI) model* 
Boring and Drilling Equipment EDA data and dollar value outputs from TX REMI 

model* 
Brick and Stone Operations Dollar value outputs from TX REMI model* 
City and County Road Construction Project Dollar Value from Reed Construction Data 
Commercial Construction Building footprint data from McGraw Hill Corporation 

(MHC) 
Concrete Operations Dollar value outputs from TX REMI model* 
County-Owned Construction Equipment County level census projections 
Cranes EDA data and dollar value outputs from TX REMI 

model* 
Heavy Highway Construction Project lane-mile data by county from TxDOT  
Landfill Operations Landfill disposal volumes from TCEQ 
Landscaping Activities Dollar value outputs from TX REMI model* 
Manufacturing Operations Dollar value outputs from TX REMI model* 
Mining and Quarry Operations Million Tons of Coal Production and Annual non-office 

employee hours respectively (2007)14 
Municipal-Owned Construction 
Equipment 

County level census projections 

                                                   
14 Eastern Research Group, Update of Diesel Construction Equipment Emissions Estimates for the State of Texas, 

Prepared for TCEQ, August 31, 2008. 
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Sector Surrogate 
Transportation Sales/Services Dollar value outputs from TX REMI model* 
Residential Construction County-level housing permit data from the Texas A&M 

Real Estate Center for 1980 through 2013; 
County-level census projections from the Texas State 
Data Center for 2014 through 2050; 
Housing start for the southern region of the country from 
the U.S. Census Bureau prior to 1980 

Rough Terrain Forklifts, Special Trades 
Construction, and Trenchers 

2007 Economy.com6 

Scrap/Recycling Operations USA Data© (2007)6 
Skid Steer Loaders EDA data and dollar value outputs from TX REMI 

model* 
TxDOT Construction Equipment None – TxDOT provided complete county-level 

population data 
Utility Construction Project Dollar value from Reed Construction Data and 

MHC 

* State level extrapolation and county allocation using 9-county DFW population as 

basis. 

 
Table A-3.  Sources of Geographic Allocation Data (Non-DCE) 

Equipment Types Region Data Source 
LPG Forklifts 9-county DFW area 

and HGB 
nonattainment areas 

Eastern Research Group, Data Collection, Sampling 
and Emissions Inventory Preparation Plan for Selected 
Commercial and Industrial Equipment: Phase II, Final 
Report, prepared for the Texas Commission on 
Environmental Quality, August 31, 2005 

Terminal Tractors 
and Transportation 
Refrigeration Units 

9-county DFW 
nonattainment area 

Eastern Research Group, Data Collection, Sampling 
and Emissions Inventory Preparation Plan for Selected 
Commercial and Industrial Equipment: Phase II, Final 
Report, prepared for the Texas Commission on 
Environmental Quality, August 31, 2005 

Transportation 
Refrigeration Units 

HGB nonattainment 
area 

Eastern Research Group, Nonroad Mobile Source 
Emissions Inventory Development for the Houston-
Galveston-Brazoria Area, submitted to the Houston-
Galveston Area Council, July 28, 2006 

Commercial Lawn 
and Garden 

Statewide Eastern Research Group, Development of Commercial 
Lawn and Garden Emissions Estimates for the State of 
Texas and Selected Metropolitan Areas, prepared for 
Texas Commission on Environmental Quality, 
November 24, 2003 

Recreational Marine Statewide Eastern Research Group, Recreational Marine 
Emissions Inventory, prepared for the Texas 
Commission on Environmental Quality, August 28, 
2002 

All remaining 
equipment – see 
below 

See below NONROAD defaults - User’s Guide for the Final 
NONROAD2005 Model, EPA420-R-05-013, December 
2005 
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Geographic allocation surrogates were taken from NONROAD defaults for the following 

equipment categories. 

 Agricultural – all equipment 

 Commercial – all equipment 

 Logging – all equipment 

 Railroad – all equipment 

 Recreational vehicles – all equipment 

 Residential lawn and garden – all equipment 

 Industrial – all equipment/fuel types excluding LPG forklifts in DFW and 
HGB, TRUs and Terminal Tractors in DFW 

 

Table A-4.  Sources of Equipment Activity Data 

Equipment Types Region Data Source 
Diesel Cranes HGB 

nonattainment area 
Eastern Research Group, Nonroad Mobile Source 
Emissions Inventory Development for the Houston-
Galveston-Brazoria Area, submitted to the Houston-
Galveston Area Council, July 28, 2006 

Diesel Construction 
Equipment > 25 hp 

9-county DFW 
nonattainment area 

Eastern Research Group, Ozone Science and Air 
Modeling Research Project H43T163:  Diesel 
Construction Equipment Activity and Emissions 
Estimates for the Dallas/Ft. Worth Region, prepared 
for The Houston Advanced Research Center, August 31, 
2005 

Diesel Construction 
Equipment > 25 hp 

Remainder of State, 
except HGB cranes 

Eastern Research Group, Nonroad Ammonia 
Emissions Inventory Development, prepared for Texas 
Commission on Environmental Quality, November 24, 
2006 

LPG Forklifts 9-county DFW and 
HGB 
nonattainment 
areas 

Eastern Research Group, Data Collection, Sampling 
and Emissions Inventory Preparation Plan for Selected 
Commercial and Industrial Equipment: Phase II, Final 
Report, prepared for the Texas Commission on 
Environmental Quality, August 31, 2005 

Terminal Tractors and 
Transportation 
Refrigeration Units 

9-county DFW 
nonattainment area 

Eastern Research Group, Data Collection, Sampling 
and Emissions Inventory Preparation Plan for Selected 
Commercial and Industrial Equipment: Phase II, Final 
Report, prepared for the Texas Commission on 
Environmental Quality, August 31, 2005 

Transportation 
Refrigeration Units 

HGB 
nonattainment area 

Eastern Research Group, Nonroad Mobile Source 
Emissions Inventory Development for the Houston-
Galveston-Brazoria Area, submitted to the Houston-
Galveston Area Council, July 28, 2006 

Commercial Lawn and 
Garden 

Statewide Eastern Research Group, Development of Commercial 
Lawn and Garden Emissions Estimates for the State of 
Texas and Selected Metropolitan Areas, prepared for 
Texas Commission on Environmental Quality, 
November 24, 2003 

All remaining 
equipment – see 
equipment population 
list above 

See equipment 
population list 
above 

NONROAD defaults - User’s Guide for the Final 
NONROAD2005 Model, EPA420-R-05-013, December 
2005 
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Table A-5.  Activity Surrogates for Construction Equipment 

Sector Primary Estimation Method 
Agricultural Industry expert profiles 
Boring and Drilling Equipment Industry expert profiles 
Brick and Stone Operations Industry expert profiles 
City and County Road Construction Reed Construction profile 
Commercial Construction Square feet of installed building space from MHC 
Concrete Operations Industry expert profiles 
County-Owned Construction Equipment Survey findings from HARC study 
Cranes Industry expert profiles 
Heavy Highway Construction Survey findings from H-GAC study 
Landfill Operations Survey profile from TCEQ study 
Landscaping Activities Industry expert profiles 
Manufacturing Operations Industry expert profiles 
Municipal-Owned Construction Equipment Survey findings from HARC study 
Transportation Sales/Services Industry expert profiles 
Residential Construction Single family housing construction profile 
Rough Terrain Forklifts Industry expert profiles 
Scrap/Recycling Operations Industry expert profiles 
Skid Steer Loaders Industry expert profiles 
Special Trades Construction Industry expert profiles 
Trenchers Industry expert profiles 
TxDOT Construction Equipment Engine clock hours provided by TxDOT 
Utility Construction Linear feet installed from Reed Construction Data 

 

Table A-6.  Sources of Temporal Allocation Factors 

Equipment Types Region Data Source 
Diesel Construction 
Equipment > 25 hp 

9-county DFW 
nonattainment area 

Eastern Research Group, Ozone Science and Air 
Modeling Research Project H43T163:  Diesel 
Construction Equipment Activity and Emissions 
Estimates for the Dallas/Ft. Worth Region, prepared for 
The Houston Advanced Research Center, August 31, 
2005 

Diesel Construction 
Equipment > 25 hp 

Statewide excluding 
9-county DFW area 

Eastern Research Group, Nonroad Ammonia Emissions 
Inventory Development, prepared for Texas Commission 
on Environmental Quality, November 24, 2006 

LPG Forklifts 9-county DFW and 
HGB 
nonattainment 
areas 

Eastern Research Group, Data Collection, Sampling and 
Emissions Inventory Preparation Plan for Selected 
Commercial and Industrial Equipment: Phase II, Final 
Report, prepared for the Texas Commission on 
Environmental Quality, August 31, 2005 

All remaining 
equipment – see 
equipment 
population list above 

See equipment 
population list 
above 

NONROAD defaults - User’s Guide for the Final 
NONROAD2005 Model, EPA420-R-05-013, December 
2005 
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A.2 Diesel Construction Equipment Population Growth Surrogates15 

The TexN model contains 25 distinct “sectors” with distinct equipment population and 

activity profiles.  Diesel construction equipment (DCE) comprises most of these 

“sectors”.  Two “sectors” within TexN, being miscellaneous equipment having less than 

25 horsepower and all non-DCE, use the default profiles from EPA’s NONROAD model.  

The remaining 23 of these sectors represent independent DCE profiles developed 

specifically for the TCEQ and the TexN model under numerous projects funded by the 

TCEQ.  The TCEQ has focused on DCE specifically, as DCE has the single largest impact 

on total NOx emissions from all nonroad mobile equipment represented within the 

model, which is a driving precursor to ozone formation.  Table A-7 presents a summary 

of the growth surrogates applied to a 2012 base-year population to forecast equipment 

population for each of the DCE subsectors. 

Table A-7. DCE Growth Surrogates 

Non-DCE* NONROAD default 
DCE - Agricultural Activities 2012 Texas Agricultural Census 
DCE – Boring & Drilling Equipment Economy.com  
DCE – Brick & Stone Operations Economy.com 
DCE – City and County Road 
Construction 

Texas State Data Center county-level census population 

DCE – Commercial Construction Economy.com 
DCE – Concrete Operations Economy.com 
DCE – County-Owned Construction 
Equipment 

Texas State Data Center county-level census population 

DCE – Cranes Economy.com  
DCE – Heavy-Highway Construction Annual highway expenditures from the Texas Comptroller’s 

Office, for the period 2007 – 2013, appended the data to the 
1998-2006 dataset normalized to 1998 dollars using the 
Consumer Price Index (CPI);  
Economy.com data prior to 1998 and after 2013 

DCE – Landfill Operations Texas State Data Center county-level census population 
DCE – Landscaping Activities Tx REMI model outputs up to 2013; 

Texas State Data Center census population data for 2014-2050 
DCE – Manufacturing Operations Economy.com 
DCE – Municipal-Owned 
Construction Equipment 

Texas State Data Center county-level census population 

DCE – Transportation/Sales/Services Economy.com 
DCE – Residential Construction County-level housing permit data from the Texas A&M Real 

Estate Center for 1980 through 2013; 
County-level census projections from the Texas State Data 
Center for 2014 through 2050; 
Housing start for the southern region of the country from the 
U.S. Census Bureau prior to 1980  

DCE – Rough Terrain Forklifts Economy.com  
DCE – Scrap Recycling Operations Tx REMI model outputs up to 2013; 

Texas State Data Center census population data for 2014-2050 

                                                   
15 Eastern Research Group, Texas NONROAD Model Update and Enhancement, Work Order No. 582-11-99776-

FY14-25, July 30, 2014. 
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Non-DCE* NONROAD default 
DCE – Skid Steer Loaders Equipment Data Associates Sales 
DCE – Special Trades Construction Economy.com 
DCE – Trenchers Economy.com  
DCE – TxDOT Construction 
Equipment* 

Zero growth per TxDOT Equipment Replacement Policy 

DCE – Utility Construction Economy.com 
DCE – Mining & Quarry Operations Economy.com 
Off-road tractors, Miscellaneous , and 
all Equipment < 25 hp* 

NONROAD default 

 

A.3 Meteorological Data16 

TexN utilizes high, low and average temperature data, primarily to calculate evaporative 

emissions from gasoline engines. These data are required as part of TexN’s primary 

input file. In addition, related data on relative humidity and atmospheric pressure are 

used during post-processing of the TexN model outputs to adjust diesel NOx emissions 

for ambient effects.  The TexN meteorological data is based on historical climate data 

from December 1996 through June 2014 from the National Oceanic and Atmospheric 

Administration (NOAA) National Climatic Data Center (NCDC) 

(http://cdo.ncdc.noaa.gov/qclcd ascii/).  

A.4 Fuel Property Data 

In order to maintain a high confidence level in the fuel parameters used in the 

development of emission inventories, trend analysis and control strategy analysis, the 

TCEQ has undertaken a program to periodically collect and analyze fuel samples. The 

data ensures the accuracy of local specific fuel information and also provides the best 

data available to be used in analyses to support Texas State Implementation Plan (SIP) 

and control strategy development.  The latest fuel sampling data, conducted in the 

summer of 201417, was incorporated into TexN for this modeling effort. 

A.5 Emission Factors and Control Phase-In18 

The TexN model uses the default emission factor and technology type files provided 

with US EPA NONROAD model, thus using the same phase-in schedule and emission 

factors for Federal controls.  However, unlike the NONROAD model which does not 

estimate ammonia emissions, there are four ammonia emission factors in TexN: one for 

diesel engines, one for spark ignition engines (gasoline and gaseous fuel) without three-

way catalysts (TWCs), one for gasoline engines with TWCs, and one for natural gas/LPG 

                                                   
16 Eastern Research Group, Texas NONROAD Model Update and Enhancement, Work Order No. 582-11-99776-

FY14-25, July 30, 2014. 
17 Eastern Research Group, 2014 Summer Fuel Field Study (Revised), prepared for Texas Commission on 

Environmental Health (TCEQ), Revised January 2015. 
18 Information taken from TexN User’s Guide unless otherwise noted.  Eastern Research Group, Texas NONROAD 

(TexN) Model Version 1.0 User’s Guide, Work Order No. 582-7-84003-FY-08-09, August 18, 2008. 
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engines with TWCs.  For more information on how these emission factors were derived, 

please refer to the TexN User’s Guide (2008) and the Addendum (2009)19. 

A.6 Post Processing Adjustments and Additional Controls20 

TexN applies adjustment factors to the emissions estimates in the output files to 

generate the final criteria pollutant and ammonia emissions values.  Post-processing 

applies county specific adjustments to emissions estimates for the appropriate SCCs.  

Depending upon the SCC and county, the following adjustments may be applied within 

the database: 

 County and year specific temperature and humidity adjustments for NOx 
emissions; 

 Adjustments for Texas Low Emission Diesel (TxLED) impacts; 

 Altitude, correcting for decreased engine efficiency at increasing elevation; 

 Soil compaction, reflecting relative ease or difficulty digging; 

 Ground cover, reflecting relative ease or difficulty in land-clearing activity; 
and 

 Reformulated gasoline. 
 

                                                   
19 Eastern Research Group, Deliverable 6 – Update of TexN User’s Guide Addendum, Work Order No. 582-7-

84003-FY09-19, July 31, 2009. 
20 Information taken from TexN User’s Guide unless otherwise noted.  Eastern Research Group, Texas NONROAD 

(TexN) Model Version 1.0 User’s Guide, Work Order No. 582-7-84003-FY-08-09, August 18, 2008. 


