
2. Modeling 
 
A review of the modeling methodology and assumptions applied in the conformity 
analysis is presented in this chapter, beginning with an overview of the general approach 
and the determination of the analysis years and motor vehicle emission budgets 
applicable for Hampton Roads. Then, in turn, reviews of the key input data and specific 
assumptions applied in each step of the modeling process (transportation modeling, 
emission factor modeling, and emission modeling) are presented.  
 

2.1 General Approach 
 
Emissions are generally calculated as the product of vehicle activity and an emission 
factor corresponding to that vehicle class and activity, with the latter typically expressed 
in units of grams per mile (effectively, grams of pollutant emitted per vehicle-mile-
traveled) consistent with federal new vehicle exhaust emission standards that are 
expressed on that basis. Estimates for regional total emissions, therefore, generally are 
generated as the product of VMT (by speed, roadway class, vehicle class etc.) and 
corresponding emission factors.  
 
Three separate models are typically applied in the development of the regional emission 
forecasts for conformity analyses:  

1) the HRTPO regional travel demand forecasting model, 
2) the latest EPA-approved model (MOVES) to generate emission forecasts, and  
3) the Department database model (a pre-processor) to prepare inputs to the EPA 

MOVES model for estimating emissions for both the regional network as well as 
off-network facilities (i.e., local roads).  

 
Exhibit 2-1 below presents the overall process. First, forecasts for travel demand for 
each year being modeled in the conformity analysis are developed. For the regional 
network, key inputs include the latest available socioeconomic forecasts and project 
lists. The latter are applied to update the regional transportation networks as appropriate 
for changes to the Plan and Program. The resulting regional transportation networks 
include all interstates, freeways, expressways, principal arterials, and minor arterials that 
are or will be open to traffic by the forecast year to be modeled for the conformity 
analysis. Separate networks are developed for each forecast year to be modeled for the 
conformity analysis. The Department database model or pre-processor is then applied to 
generate input data as needed for the next step in the modeling process, namely 
emission modeling, for both the regional network as well as off-network facilities. The 
Department database model is based upon transportation engineering methods 
presented in the 2000 Highway Capacity Manual (HCM) and National Cooperative 
Highway Research Program (NCHRP) Report 387. 
 
Emission estimates are generated using the current version of the EPA emission model, 
which at the time of this analysis is MOVES2014a. Key region-specific inputs include the 
travel-related data generated in the first step, as well as vehicle age distributions, fuel 
quality data and meteorological data. Emissions for mobile sources operating on military 
facilities are added as specified in the applicable SIP revision (2007 maintenance plan)1.  
 

                                                           
1 Hampton Roads Maintenance Plan for the 1997 Eight-Hour Ozone Standard, as previous referenced. See 

US EPA, 72 FR 30490, 40 CFR Parts 52 and 81 [EPA–R03–OAR–2006–0919; FRL–8320–9], Approval 
and Promulgation of Air Quality Implementation Plans; Virginia; Re-designation of the Hampton Roads 8-
Hour Ozone Nonattainment Area to Attainment and Approval of the Area’s Maintenance Plan and 2002 
Base-Year Inventory, Final Rule, effective June 1, 2007.  

 See: http://edocket.access.gpo.gov/2007/E7-10581.htm. 

http://edocket.access.gpo.gov/2007/E7-10581.htm


Exhibit 2-1: Conformity Analysis Process 
 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The calculations are repeated for each analysis year as needed. Emission budget tests 
are then applied for each analysis year to demonstrate conformity. Additional detail for 
each of the modeling steps is provided below. 
 

2.2 Analysis Years and Budgets 
 
Exhibit 2-2 presents the years selected for modeling for this conformity analysis and the 
associated motor vehicle emission budgets as specified in the maintenance plan. The 
budgets listed in the table were originally generated by VDEQ for the maintenance plan 
using the EPA MOBILE6.2 model, which has been superseded with the issuance by 
EPA of the MOVES model in 2010; the budgets have not been updated using the current 
MOVES model. 
 
The years selected for analysis are consistent with the requirements of Section 93.118 
of the conformity rule, which requires that years selected for the regional conformity 
analysis include the years for which budgets are established, the horizon year of the 
transportation plan, and interim year(s) such that analysis years are no more than ten 
years apart.  
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Exhibit 2-2:  Analysis Years and Budgets2 
 

Year 
 

Regional Emission Budgets 
(tons per ozone season weekday) 

 

 NOx VOC 

2018* 31.890 27.574 

2028 31.890 27.574 

2030 31.890 27.574 

2040 31.890 27.574 
 

  * Budgets specified in 72 FR 30490, effective June 1, 2007. 

 
Since Section 93.118 the conformity rule requires budgets established “for the most 
recent prior year” to apply for years for which budgets have not been “specifically 
established”, the 2018 budgets as listed are also applicable for the subsequent years. 
 
For this analysis, the year 2018 was selected as it is a year for which the maintenance 
plan specifies budgets. The year 2040 was selected as the horizon year for the 
transportation plan. To meet the interim year requirement (ten-year limit), the years 2028 
and 2030 were also selected.  
 
 

2.3 Transportation Demand Forecasting (CUBE Voyager Model) 
 
The Hampton Roads regional travel demand model represents an advanced practice 
four-step forecasting model to support air quality analysis and project planning in the 
Hampton Roads region. The transportation model utilizes a CUBE Voyager platform that 
includes trip generation, trip distribution, mode split and traffic assignment. The Hampton 
Roads regional travel demand model covers the Counties of Gloucester, Isle of Wight, 
James City, and York, as well as the Cities of Chesapeake, Hampton, Newport News, 
Norfolk, Poquoson, Portsmouth, Suffolk, Williamsburg, and Virginia Beach. The model 
satisfies the requirements enumerated in 40 CFR 93.110 as well as the related 
requirements in 40 CFR 93.122 as summarized below. The model was validated and 
calibrated for 2009 traffic volumes and land use conditions [40 CFR 93.122(b)(1)(i)]3.  
 
Consistent with the requirements of federal conformity rule, all regionally significant 
projects in service or open to traffic in the year of analysis are included in the modeling 
[40 CFR 93.122(a)]. Roadway data input by the user (e.g., road segment length, 
capacity, number of lanes, and free-flow speeds by facility type) are used to create a 
representation of the regional transportation system for each analysis year, which 
includes all regionally significant projects identified for the Plan and TIP. A transportation 
system network is developed for all motorized modes of travel including single-occupant 
vehicle, high or multi-occupant vehicle (HOV), bus transit, and light rail transit. Following 
network development, travel time and cost estimates for all networks modeled are 
tabulated for use in subsequent model steps. 
 
Trip making activity is estimated in the trip generation and trip distribution steps. Trip 
generation uses land use information aggregated by traffic analysis zone (TAZ), 
estimated trip rates, and standard equations to estimate the number of trips that will be 
generated by and attracted to each TAZ. The TAZ trip data are then used in the trip 
distribution step that links trip origins with trip destinations to create trip tables, which are 

                                                           
2 While the budget for 2018 applies for all subsequent modeling years, the year 2018 is only tentatively 

selected for modeling for this analysis pending EPA guidance. 
3 Documentation relating to the validation and calibration process may be obtained from VDOT 

Transportation and Mobility Planning. 



disaggregated for work and non-work trip purposes. Trips that leave or pass through the 
Hampton Roads region were also estimated, using observed 2009 traffic counts at major 
exit points of the region, and expanded based on forecast traffic counts at those 
locations in future years. 
 
Trip tables from trip distribution along with network-based travel time and cost data [40 
CFR 93.122(b)(1)(v, vi)] are input to the mode split step to estimate trip tables by trip 
purpose and mode. In the mode split step, nested-logit equations are applied to allocate 
trips between auto and transit modes. Individual trip tables are created for auto and 
transit modes. Prior to traffic assignment, trip tables are processed to apply standard 
auto occupancy rates, convert the tables from model-based production-attraction format 
to standard origin-destination format, and aggregate results. 
 
Finally, in the traffic assignment step, the trip tables are loaded onto the appropriate 
highway or transit network and the model run to produce forecasts for traffic volumes for 
each roadway or transit link. Highway assignment utilizes a capacity restraint formula to 
simulate congestion effects on the roadway system [40 CFR 93.122(b)(1)(iv)]. The 
model makes route decisions based upon the estimated level of roadway congestion, 
redirecting trips to less congested routes until equilibrium is achieved (i.e., when shifting 
trips to alternative routes will no longer realize any time savings).  
 
Output from the highway assignment is a network file that includes the assigned 
roadway volumes for each roadway link. Transit assignment is based upon best 
available route and does not have a modeled congestion process. The assigned 
volumes are applied to generate VMT estimates.  
 
This overall modeling process is applied for each analysis year. Appendix B presents 
resulting forecasts by jurisdiction. Key inputs to the network model are reviewed below. 
 

2.3.1 Socioeconomic Forecasts 
 
The HRTPO developed the socioeconomic data to be used in the conformity analysis 
using the Regional Economic Models, Inc. (REMI) econometric model. The REMI model 
is a conjoined input-output and econometric model widely used by local, state and 
federal governments, colleges and universities, consulting firms and others for economic 
forecasting including impact analyses.  
 
Following standard practice for the development of socioeconomic forecasts, the REMI 
model was applied to develop “control totals” for key parameters such as population and 
employment for the Hampton Roads area. The HRTPO then sub-allocated the regional 
control totals generated with the REMI model to the local or jurisdiction level for the 
Hampton Roads area. The sub-allocations were reviewed by each locality and 
adjustments were made where appropriate [40CFR93.110; 40CFR93.122(b)(1)(iiii)].  
 
Participants in this process included the Counties of Gloucester, Isle of Wight, James 
City, and York, as well as the Cities of Chesapeake, Hampton, Newport News, Norfolk, 
Poquoson, Portsmouth, Suffolk, Williamsburg, and Virginia Beach. Representatives of 
these jurisdictions distributed the regional population and employment projections to the 
TAZs used in the transportation model, covering the LRTP Study Area. 
 
Exhibit 2-3 presents the socioeconomic forecasts underlying the travel demand forecasts 
developed for this conformity analysis. The forecasts (including interim years and sub-
allocations as appropriate) represent the latest projections available and approved for 
use with the 2040 LRTP [40 CFR 93.110(a,b); 40 CFR 93.122(b)(1)(ii)]. More detailed 
data are presented in Appendix A. 

http://www.remi.com/


 
Exhibit 2-3:  Socioeconomic Forecasts* 

 
 

Year 
 Hampton Roads Modeling Area  

 Population   Households   Autos   Total Employment  

2018 1,733,166   650,101 1,365,329 1,101,591 

2028 1,850,806   698,085 1,478,787 1,170,236 

2030 1,874,347   707,694 1,501,488 1,183,977 

2040 1,992,000   755,700 1,614,900 1,252,600 
Source: HRTPO Communication, 5/30/2018 
 

*  The projections for 2040 were adopted by the Hampton Roads TPO in November 2012. The projections for other 
years were developed by interpolation, by TAZ, between 2009 and 2040, by TPO staff. 2018 is tentatively included 
pending guidance from EPA. 

 

2.3.2 Transit Service  
 
Transit operating policies (including fares and service levels) and modeling for transit 
(ridership) have not changed significantly since the previous conformity determination 
[40 CFR 93.110(c) and (d)]. Light rail service is included in the modeling networks. 
Transit service and fares as well as road and bridge tolls are addressed in more detail in 
supporting documentation for the Plan and associated modeling. While future transit 
ridership is effectively determined in the course of modeling for the conformity analysis, 
details on current transit operating policies including fares and service levels may be 
found on the Hampton Roads Transit (HRT), Williamsburg Area Transportation Authority 
(WATA), and Suffolk Transit websites4. 
 
In brief, local transit fares have not changed significantly since the last conformity 
analysis for either HRT or WATA. Suffolk Transit is a new transit provider that began 
service since the last conformity analysis.  

 For HRT, the current single ticket fare for local bus and the TIDE light rail service 
is $2.00; for seniors (60 and over) and the disabled, a reduced fare of $1.00 
applies. A day pass (the Go Pass) which was introduced in 2008 is $4.50 for a 
one-day pass. In keeping with the Americans with Disabilities Act (ADA), door-to-
door service is also available for Certified Paratransit Users for no fee. 

 For WATA, the fare for a one-way trip is $1.50; for seniors (60 and over) and 
disabled, a reduced fare of $0.75 applies. An all-day pass (for unlimited trips) is 
also available for a fare of $3.00. In keeping with the ADA, door-to-door service is 
also available for those unable to use bus at a fare of $3.00 per one-way trip. 

 For Suffolk Transit, the fare for a one-way trip is $1.50; for seniors (55 and over) 
and disabled, a reduced fare of $0.75 applies. An all-day pass (for unlimited trips) 
is also available for a fare of $3.00. In keeping with the ADA, door-to-door service 
is also available for those unable to use bus at a fare of $3.00 per one-way trip. 

 
Finally, express bus service modeling includes the “Max” service, with fares currently 
$4.00 one-way, converted to constant 2009 dollars. 

 

2.3.3 Project Lists & Regional Network Development  
 
The federal conformity rule at 40 CFR 93.122(a) requires that “General requirements. (1) 
The regional emissions analysis … for the transportation plan, TIP… must include all 
regionally significant projects expected in the nonattainment or maintenance area. The 
analysis shall include FHWA/FTA projects proposed in the transportation plan and TIP 

                                                           
4 See https://gohrt.com/, http://gowata.org/ and http://www.suffolkva.us/429/Suffolk-Transit respectively.. 

https://gohrt.com/
http://gowata.org/
http://www.suffolkva.us/429/Suffolk-Transit


and all other regionally significant projects which are disclosed to the MPO as required 
by Sec. 93.105.”  
 
Regionally significant projects are defined in the federal conformity rule and generally 
include arterials and higher-level facilities (freeways, expressways, interstates) that 
serve a regional function and are typically coded in the transportation model network for 
transportation analyses. Minor arterials, collectors, or local streets are usually only 
coded in the model if they enhance the capability of the traffic model to route trips on the 
network.  
 
All regionally significant and/or federally funded or approved projects identified in the 
Plan and Program were incorporated into the respective highway networks for each 
analysis year for this conformity analysis. The project list for the Plan and TIP was 
subjected to Interagency Consultation Group review (pursuant to Section 93.105 and the 
corresponding state regulation), as documented in the chapter on consultation. Each 
network is a representation of the region's highway system as it is likely to appear by the 
specified year. Similarly, the transit network for each scenario and analysis year is coded 
to estimate transit volumes and ridership. 
 
Since regional emission analyses are performed for multiple analysis years as needed 
for the conformity determination, the transportation networks were coded to include all 
regionally significant projects specified or included in the Plan and Program and open to 
traffic in each year modeled. Appendix E presents the list of regionally significant 
projects for modeling. 
 
Projects were coded in the networks based on the first analysis year in which the project 
would be open to traffic or operational. For the most part, project opening dates were 
determined at the District level based upon detailed project information provided by 
either the localities or the associated VDOT project manager. In cases where that level 
of detail in scheduling was not available, reasonable assumptions were made. For 
example, completion dates where otherwise not available were estimated by adding 
three years to the advertisement date for major projects. Shorter times were allocated as 
appropriate for the completion of minor projects. 
 

2.3.5 Treatment of Off-Network Facilities (Local and Collector Roads) 
 
Local and collector roadways are not typically coded in regional transportation model 
networks. In the Hampton Roads CUBE Voyager model, most collector roadways are 
coded in the regional network; however, local roadways are not (some local streets are 
included to provide appropriate connectivity in the network). The travel demand model 
output is also not directly adjusted to account for traffic on local facilities. Instead, traffic 
for local facilities are addressed in the pre-processor. See Section 2.5 for more 
information on the adjustments for off-network facilities. 
 

2.3.6 Optional Off-line Analyses 
 
Some transportation projects that have a potentially significant impact on regional air 
quality cannot be coded into the transportation modeling network. These are categorized 
as “off-line projects” and are analyzed using a variety of methodologies that include 
elasticity/pivot-point analysis and the use of traffic engineering principles to estimate 
their traffic and emission impacts.  
 
Off-line analyses for Hampton Roads would include transit bus replacements, 
Congestion Mitigation and Air Quality (CMAQ) funded projects, van pools, and park-and-
ride lots. However, as these adjustments would be expected to reduce modeled 



emissions, they were not needed to demonstrate conformity and were not applied for 
this analysis. 
 

2.4 Emission Modeling  
 
This section presents the selection of the latest emission model as well as key inputs for 
that model. 
 
 

2.4.1 Latest Emission Model 
 
The federal conformity rule at 93.111(a) requires the use of the latest emission model as 
follows: “The conformity determination must be based on the latest emission estimation 
model available.”5 At the time of preparation of this analysis, the latest emission model 
specified by EPA for use in SIP development and conformity applications is the Motor 
Vehicle Emission Simulator (MOVES)6. The latest version of the model is 
MOVES2014a7.  
 

2.4.2 MOVES Model Inputs 
 
As noted on the MOVES web page: “EPA's MOtor Vehicle Emission Simulator (MOVES) 
is a state-of-the-science emission modeling system that estimates emissions for mobile 
sources at the national, county, and project level for criteria air pollutants, greenhouse 
gases, and air toxics.”8 
 
For this analysis, both national default data and region-specific inputs were used with 
MOVES. Region-specific inputs include meteorological data, emission control programs, 
and on-road fleet registration and traffic distribution data, which are summarized in turn 
below. A sample of a run specification file applied in this conformity analysis is provided 
in Appendix C. 
 
2.4.2.1 Ambient Conditions 
 
The federal conformity rule at 93.122(a)(6) requires that “The ambient temperatures 
used for the regional emissions analysis shall be consistent with those used to establish 
the emissions budget in the applicable implementation plan.…” 9.    
 
Exhibit 2-4 presents average hourly ambient temperature, hourly relative humidity, and 
barometric pressure data as presented in the Technical Support Document for the 
applicable implementation (maintenance) plan. The hourly data for ambient temperature 
and relative humidity along with the average daily value for barometric pressure were 
applied in this conformity analysis, consistent with the maintenance plan. 
  

                                                           
5 Federal Conformity Rule, 40 CFR 93.111  Criteria and Procedures: Latest Emissions Model 

 http://edocket.access.gpo.gov/cfr_2017/julqtr/40cfr93.111.htm   
6 EPA MOVES Web Site: https://www.epa.gov/moves  
7 https://www.epa.gov/moves/moves2014a-latest-version-motor-vehicle-emission-simulator-moves   
8 Ibid 
9 Federal Conformity Rule, 40 CFR 93.122, Procedures for Determining Regional Transportation-Related 

Emissions: http://edocket.access.gpo.gov/cfr_2017/julqtr/40cfr93.122.htm   

http://edocket.access.gpo.gov/cfr_2017/julqtr/40cfr93.111.htm
https://www.epa.gov/moves
https://www.epa.gov/moves/moves2014a-latest-version-motor-vehicle-emission-simulator-moves
http://edocket.access.gpo.gov/cfr_2017/julqtr/40cfr93.122.htm


Exhibit 2-4: Ambient Conditions - Ozone Season 
 

 
 

Source: VDEQ, “Technical Support Document for the Re-designation Request and Maintenance Plan for Hampton 

Roads 8-Hour Ozone Nonattainment Area, Final”, as approved June 1, 2007, 72 FR 30490. See Table 
4.1-2 on age 64. Reproduced with permission. 

 
2.4.2.2 Emission Control Programs 
 
Exhibit 2-5 lists emission control programs in effect for the Hampton Roads area. The 
locality-specific emission model input parameters are consistent with the approved 
maintenance SIP and based on the latest planning assumptions. 
 

Exhibit 2-5: Emission Control Programs 

Programs 2018* 2028 2030 2040 

Reformulated Gasoline** Yes Yes Yes Yes 

RVP (PSI): 

 All jurisdictions but Gloucester 
and Isle of Wight 

 
6.8 

 
6.8 

 
6.8 

 
6.8 

 Gloucester and Isle of Wight 8.4 8.4 8.4 8.4 

2007 HDDV Program Yes Yes Yes Yes 

NLEV Early Implementation Yes Yes Yes Yes 

Tier 2 Standards Yes Yes Yes Yes 

Tier 3 Standards*** Yes Yes Yes Yes 
 

* 2018 tentatively selected for modeling for this analysis pending EPA guidance. 

**Except for the counties of Gloucester and Isle of Wight, which use conventional gasoline. 
*** Tier 3 standards are in addition to the requirements of the Maintenance Plan. 

 

Time (EDT) Temperature (F) Dew Point (F) Relative Humidity (%) Pressure (In)

6:00 AM 71.77 66.4 83.9 30.017

7:00 AM 75.2 67.7 78.1 30.029

8:00 AM 77.8 68.09 72.7 30.033

9:00 AM 81.07 67.22 63 30.034

10:00 AM 83.04 66.91 58.5 30.034

11:00 AM 84.34 65.99 54.5 30.027

12:00 PM 85.79 65.04 50 30.019

1:00 PM 86.59 64.81 48.9 30.009

2:00 PM 87.4 64.09 46.6 29.996

3:00 PM 87.27 63.82 46 29.985

4:00 PM 87.6 63.22 44.7 29.978

5:00 PM 87.01 63.86 46.7 29.974

6:00 PM 85.51 63.99 49.1 29.973

7:00 PM 83.21 65.42 55.9 29.982

8:00 PM 79.39 68.16 69 29.99

9:00 PM 77.9 68.5 73.3 30.004

10:00 PM 77.02 68.08 74.5 30.006

11:00 PM 75.38 67.87 78.1 30.007

12:00 AM 73.31 66.4 79.8 30.006

1:00 AM 72.91 66.31 80.7 30.004

2:00 AM 72.71 66.49 81.7 29.997

3:00 AM 71.9 63.8 78.1 29.995

4:00 AM 71.2 65.5 82.8 29.995

5:00 AM 70.73 65.49 84.3 30.006

Avg Min T 70.51

Avg Max T 88.01

Avg Pres 30.004

Average Hourly Meteorological Data



 
Emission control programs for Hampton Roads as modeled for this analysis include: 

 Reformulated Gasoline (RFG), and Gasoline Reid Vapor Pressure (RVP): RFG 
was modeled for all jurisdictions within the maintenance area with the exception 
of the Counties of Gloucester and Isle of Wight, which use conventional gasoline. 
RFG benefits were modeled for all analysis years after 1996, consistent with 
Virginia regulations requiring RFG and the Maintenance Plan. 
 

 2007 Heavy Duty Diesel Vehicle (HDDV): The 2007 Heavy Duty Diesel Vehicle 
(HDDV) program including the implementation of ultra-low sulfur diesel was 
included in the generation of emission factors for the conformity analysis. 
Excerpted from the 2007 regulatory announcement10: 

 
“New Standards for Heavy-Duty Highway Engines and Vehicles 
 
[EPA is] finalizing a PM emissions standard for new heavy-duty engines of 0.01 grams 
per brake-horsepower-hour (g/bhp-hr), to take full effect for diesels in the 2007 model 
year. [EPA is] also finalizing standards for NOx and non-methane hydrocarbons (NMHC) 
of 0.20 g/bhp-hr and 0.14 g/bhp-hr, respectively. These NOx and NMHC standards will 
be phased in together between 2007 and 2010, for diesel engines. The phase-in will be 
on a percent of-sales basis: 50 percent from 2007 to 2009 and 100 percent in 2010.  
 

Gasoline engines will be subject to these standards based on a phase in requiring 50 
percent compliance in the 2008 model year and 100 percent compliance in the 2009 
model year. 
 
The program includes flexibility provisions to facilitate the transition to the new standards 
and to encourage the early introduction of clean technologies, and adjustments to various 
testing and compliance requirements to address differences between the new 
technologies and existing engine based technologies. 
 
New Standards for Diesel Fuel 
 
Refiners will be required to start producing diesel fuel for use in highway vehicles with a 
sulfur content of no more than 15 parts per million (ppm), beginning June 1, 2006. At the 
terminal level, highway diesel fuel sold as low sulfur fuel will be required to meet the 15 
ppm sulfur standard as of July 15, 2006. For retail stations and fleets, highway diesel fuel 
sold as low sulfur fuel must meet the 15 ppm sulfur standard by September 1, 2006.  
 

This program includes a combination of flexibilities available to refiners to ensure a 
smooth transition to low sulfur highway diesel fuel.” 

 

 National Low Emission Vehicle (NLEV) Program Early Implementation: Early 
implementation of the NLEV program was included in the modeling for the 
conformity analysis. The NLEV program, finalized by EPA in March 1998, 
implemented cleaner light-duty gasoline vehicles beginning in model year 1999 
throughout Virginia.   
 

 Tier 2 Vehicle Emission Standards: EPA Tier 2 vehicle emission standards 
implementation beginning with the 2004 model year was specified for the 
modeling for the conformity analysis. Gasoline sulfur levels as required for the 
Tier 2 standards were incorporated into the modeling. Excerpted from the 
supplementary information included with the final Tier 2 rule11: 

                                                           
10 US EPA, Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur Control 

Requirements, EPA420-F-00-057, Office of Transportation and Air Quality, December 2000. 
11 US EPA, 65 FR 6698, 40 CFR Parts 80, 85, and 86, Control of Air Pollution From New Motor Vehicles: 

Tier 2 Motor Vehicle Emissions Standards and Gasoline Sulfur Control Requirements; Final Rule, 
February 10, 2000. Published in four sections spanning pages 6697-6870. 



 
“Highlights of the Tier2/Gasoline Sulfur Program 
For cars, and light trucks, and larger passenger vehicles, the program will— 
o Starting in 2004, through a phase in, apply for the first time the same set of emission 

standards covering passenger cars, light trucks, and large SUVs and passenger 
vehicles. … 

o Introduce a new category of vehicles, ‘‘medium-duty passenger vehicles,’’ thus bringing 
larger passenger vans and SUVs into the Tier 2 program. 

o During the phase-in, apply interim fleet emission average standards that match or are 
more stringent than current federal and California ‘‘LEV I’’ (Low-Emission Vehicle, 
Phase I) standards. 

o Apply the same standards to vehicles operated on any fuel. 
o Allow auto manufacturers to comply with the very stringent new standards in a flexible 

way while ensuring that the needed environmental benefits occur. 
o Build on the recent technology improvements resulting from the successful National 

Low-Emission Vehicles (NLEV) program and improve the performance of these 
vehicles through lower sulfur gasoline. 

o Set more stringent particulate matter standards. 
o Set more stringent evaporative emission standards. 
 

For commercial gasoline, the program will— 
o Significantly reduce average gasoline sulfur levels nationwide as early as 2000, fully 

phased-in in 2006. Refiners will generally add refining equipment to remove sulfur in 
their refining processes. Importers of gasoline will be required to import and market 
only gasoline meeting the sulfur limits. 

             … 
o Enable the new Tier 2 vehicles to meet the emission standards by greatly reducing the 

degradation of vehicle emission control performance from sulfur in gasoline. Lower 
sulfur gasoline also appears to be necessary for the introduction of advanced 
technologies that promise higher fuel economy but are very susceptible to sulfur 
poisoning (for example, gasoline direct injection engines). 

o Reduce emissions from NLEV vehicles and other vehicles already on the road.” 

 

 Tier 3 Vehicle Emission Standards: Excerpted from the March 2014 EPA fact 
sheet12: 

“EPA Sets Tier 3 Motor Vehicle Emission and Fuel Standards 

The U.S. Environmental Protection Agency (EPA) is finalizing an important rule designed 
to reduce air pollution from passenger cars and trucks. Starting in 2017, Tier 3 sets new 
vehicle emissions standards and lowers the sulfur content of gasoline, considering the 
vehicle and its fuel as an integrated system. 

 The Tier 3 vehicle standards reduce both tailpipe and evaporative emissions from 
passenger cars, light-duty trucks, medium-duty passenger vehicles, and some heavy-
duty vehicles. 

 The Tier 3 gasoline sulfur standard will make emission control systems more effective 
for both existing and new vehicles, and will enable more stringent vehicle emissions 
standards. Removing sulfur allows the vehicle’s catalyst to work more efficiently. Lower 
sulfur gasoline also facilitates the development of some lower-cost technologies to 
improve fuel economy and reduce green- house gas (GHG) emissions, which reduces 
gasoline consumption and saves consumers money. 

 The tailpipe standards include different phase-in schedules that vary by vehicle class 
but generally phase in between model years 2017 and 2025. In addition to the gradual 
phase-in schedules, other flexibilities include credits for early compliance and the ability 
to offset some higher-emitting vehicles with extra-clean models.” 

Consistent with the modeling presented in the Technical Support Document for the 

                                                           
12 https://www.epa.gov/regulations-emissions-vehicles-and-engines/final-rule-control-air-pollution-motor-vehicles-tier-3  
 Direct link: https://nepis.epa.gov/Exe/ZyPDF.cgi/P100HVZV.PDF?Dockey=P100HVZV.PDF  

https://www.epa.gov/regulations-emissions-vehicles-and-engines/final-rule-control-air-pollution-motor-vehicles-tier-3
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100HVZV.PDF?Dockey=P100HVZV.PDF


maintenance plan, inspection and maintenance or anti-tampering programs were not 
included in the modeling for this analysis. 
 
2.4.2.3 Fleet Registration (Age) Data 
 
Vehicle registration (age) distributions by vehicle class are input to the emission model 
for each jurisdiction in the region. Exhibit 2-6 presents a sample of vehicle registration 
distribution data for one jurisdiction (City of Virginia Beach). The registration distribution 
data were developed by the VDEQ in support of the preparation of the federally-required 
2014 Periodic Emission Inventory (“2014 PEI”). The data were derived from detailed 
vehicle identification number (VIN) data for all jurisdictions in the Commonwealth.  
 

2.5 Pre-Processing  
 
Adjustments made in pre-processing include the following: i) HPMS adjustment factor for 
VMT, ii) congested speeds, and iii) seasonal traffic levels. These are reviewed in turn 
below. 
 

2.5.1 HPMS Adjustment Factor 
 
The conformity rule at 40 CFR 93.122(b)(3) specifies that factors determined from base 
year travel demand model comparisons to Highway Performance Monitoring Systems 
(HPMS) data may be applied to adjust future VMT forecasts. Such a comparison was 
conducted for the 2009 base year. The results indicate that the travel demand model 
overestimates VMT compared to HPMS data, i.e., the HPMS VMT data were on average 
89.6% of the modeled daily VMT for 2009, not accounting for the conversion of HPMS 
average day VMT to an average week day (as used by the travel demand model). Both 
of these adjustments will be reviewed in the course of development of new traffic data 
and forecasts for this conformity analysis and appropriate values applied.  
  



Exhibit 2-6: 2014 Sample Vehicle Registration Distributions – Virginia Beach 
 
 

 
 

2.5.2 Congested Speed Calculation 
 
Congested speeds are estimated using standard Bureau of Public Roads (BPR) formulae 
that are based upon free flow speeds, volumes and capacity13. Two forms of the BPR 
equation are applied: 
 
1) for non-signalized roadway segments: 
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2) for signalized roadway segments, defined as facilities on which traffic signals are 
spaced two miles or less apart: 
 

   /05.01

   
   

10
capacityvolume

speedflowfreecorridor
facilitiessignalizedforspeed


  

 

2.5.3 Temporal Adjustments to Traffic  
 
Exhibit 2-7, 2-8 and 2-9 present respectively the data used for the month, day and hour 

                                                           
13 Generally, free flow speed is taken here as the speed at which a vehicle on the roadway segment would 

travel given no conflict with other traffic, i.e., no congestion. As traffic volumes increase and the carrying 
capacity of the roadway is reached (i.e. congestion increases), average speeds would be expected to be 
reduced. The free flow speeds used are consistent with those used in the regional network model.    

Age* EPA MOVES Model Source (Vehicle) Type 

11 21 31 32 41 42 43 51 52 53 54 61 62

0 0.0070 0.1374 0.0293 0.4460 0.0000 0.0000 0.0288 0.0417 0.1426 0.0358 0.0175 0.0228 0.0730

1 0.0472 0.1011 0.0504 0.1390 0.0185 0.0185 0.0170 0.0000 0.0395 0.0418 0.0297 0.0140 0.0558

2 0.0524 0.0502 0.0467 0.0526 0.0463 0.0463 0.0957 0.0417 0.1723 0.0555 0.0210 0.0088 0.0558

3 0.0442 0.0364 0.0507 0.0296 0.0000 0.0000 0.0275 0.1250 0.0573 0.0424 0.0227 0.0018 0.0298

4 0.0364 0.0417 0.0466 0.0139 0.0000 0.0000 0.0183 0.2500 0.0057 0.0212 0.0035 0.0123 0.0246

5 0.0753 0.0371 0.0321 0.0125 0.0185 0.0185 0.1298 0.0000 0.0241 0.0266 0.0122 0.0298 0.0325

6 0.0806 0.0479 0.0572 0.0226 0.0185 0.0185 0.0301 0.0833 0.0562 0.0573 0.0315 0.0228 0.0225

7 0.1010 0.0543 0.0661 0.0308 0.0741 0.0741 0.1350 0.0417 0.1847 0.0634 0.0507 0.0772 0.0843

8 0.0884 0.0510 0.0660 0.0270 0.0556 0.0556 0.0092 0.1250 0.1219 0.0716 0.0699 0.0825 0.0602

9 0.0715 0.0484 0.0731 0.0246 0.0278 0.0278 0.0813 0.0833 0.0314 0.0607 0.0490 0.0965 0.0578

10 0.0567 0.0468 0.0769 0.0257 0.1019 0.1019 0.1468 0.0000 0.0208 0.0469 0.0769 0.0632 0.0323

11 0.0657 0.0474 0.0635 0.0245 0.0741 0.0741 0.0000 0.0000 0.0152 0.0417 0.0472 0.0263 0.0315

12 0.0481 0.0414 0.0581 0.0213 0.0278 0.0278 0.0459 0.0417 0.0135 0.0397 0.0455 0.0211 0.0222

13 0.0368 0.0369 0.0470 0.0179 0.0648 0.0648 0.0773 0.0000 0.0174 0.0470 0.0280 0.0439 0.0370

14 0.0279 0.0365 0.0454 0.0180 0.0185 0.0185 0.0852 0.0417 0.0173 0.0504 0.0437 0.0877 0.0558

15 0.0226 0.0279 0.0376 0.0150 0.0741 0.0741 0.0052 0.0000 0.0156 0.0457 0.0752 0.0737 0.0450

16 0.0156 0.0232 0.0275 0.0109 0.0833 0.0833 0.0066 0.0417 0.0096 0.0249 0.0507 0.0491 0.0341

17 0.0123 0.0207 0.0248 0.0099 0.0370 0.0370 0.0039 0.0000 0.0083 0.0281 0.0769 0.0404 0.0270

18 0.0127 0.0168 0.0181 0.0080 0.0093 0.0093 0.0066 0.0000 0.0059 0.0215 0.0297 0.0404 0.0296

19 0.0084 0.0164 0.0162 0.0081 0.0556 0.0556 0.0118 0.0000 0.0078 0.0271 0.0385 0.0526 0.0327

20 0.0079 0.0127 0.0134 0.0076 0.0093 0.0093 0.0039 0.0417 0.0057 0.0183 0.0280 0.0228 0.0251

21 0.0065 0.0101 0.0088 0.0050 0.0185 0.0185 0.0026 0.0000 0.0033 0.0146 0.0227 0.0263 0.0196

22 0.0050 0.0081 0.0065 0.0033 0.0000 0.0000 0.0066 0.0417 0.0027 0.0117 0.0122 0.0105 0.0135

23 0.0035 0.0065 0.0048 0.0027 0.0093 0.0093 0.0052 0.0000 0.0021 0.0125 0.0122 0.0070 0.0125

24 0.0035 0.0053 0.0047 0.0025 0.0093 0.0093 0.0039 0.0000 0.0033 0.0147 0.0210 0.0123 0.0147

25 0.0049 0.0042 0.0051 0.0031 0.0000 0.0000 0.0000 0.0000 0.0037 0.0132 0.0262 0.0123 0.0153

26 0.0043 0.0036 0.0043 0.0026 0.0185 0.0185 0.0013 0.0000 0.0024 0.0123 0.0175 0.0158 0.0130

27 0.0050 0.0036 0.0035 0.0024 0.0463 0.0463 0.0013 0.0000 0.0027 0.0103 0.0140 0.0070 0.0110

28 0.0068 0.0027 0.0030 0.0027 0.0278 0.0278 0.0026 0.0000 0.0019 0.0102 0.0070 0.0070 0.0089

29 0.0047 0.0027 0.0022 0.0019 0.0370 0.0370 0.0066 0.0000 0.0018 0.0090 0.0087 0.0070 0.0084

30 0.0372 0.0210 0.0106 0.0083 0.0185 0.0185 0.0039 0.0000 0.0030 0.0236 0.0105 0.0053 0.0146

Souce:  VDEQ Data from the 2014 National Emission inventory (NEI2)

* Vehicle age = Calendar year minus model year, plus one.



VMT fractions for MOVES emission modeling. Typically, MOVES default hourly 
distributions are used, but more recently developed local hourly data as presented in 
Exhibit 2-9 will be reviewed and applied if feasible in this analysis. Since the analysis is 
for the ozone season, the data selected are those that best represent typical ozone 
season values. 
 

EXHIBIT 2-7: Fraction of 2014 Total VMT for an Average 31-Day Month in the 
Summer Ozone Season (May-September), By HPMS Vehicle Class 

 

HPMS Vehicle Class Fraction 

10 Motorcycles 0.12409 

25 Passenger Cars and Other 2-Axle / 4-Tire 0.08961 

40 Buses 0.08483 

50 Single Unit Trucks 0.08681 

60 Combination Trucks 0.08659 

Source: VDOT, “Traffic Data for the 2014 Periodic Emissions Inventory. Air Quality Planning Areas: 
Fredericksburg, Hampton Roads, Northern Virginia, Richmond, Roanoke & Winchester”, 
November 2015. 

 
EXHIBIT 2-8: Average Weekday VMT Fractions by MOVES Road Type and HPMS 

Vehicle Class for the Summer Ozone Season (May-September) 
 

HPMS Vehicle MOVES Road Type 

Class 2 - Rural 
Restricted 

3- Rural 
Unrestricted 

4 - Urban 
Restricted 

5 - Urban 
Unrestricted 

10 0.61283 0.47855 0.66680 0.61381 

25 0.66086 0.66848 0.72969 0.72580 

40 0.86157 0.88787 0.87024 0.87513 

50 0.87442 0.89343 0.89036 0.87956 

60 0.89384 0.89601 0.90459 0.90183 

* Five-day averages. The corresponding weekend fractions may be obtained as one minus the weekday fraction. 
 

Source: VDOT, “Traffic Data for the 2014 Periodic Emissions Inventory. Air Quality Planning Areas: Fredericksburg, 
Hampton Roads, Northern Virginia, Richmond, Roanoke & Winchester”, November 2015. 

  



Exhibit 2-9: Sample VMT Fractions by Hour for a Weekday in July, for MOVES 
Source Type 25 (Passenger Cars and Other 2-Axle/4-Tire) 

 

Hour* MOVES hourVMTFraction     

  2 - Rural 
Restricted 

3- Rural 
Unrestricted 

4 - Urban 
Restricted 

5 - Urban 
Unrestricted 

0 0.01101 0.00598 0.01003 0.00750 

1 0.00613 0.00341 0.00546 0.00454 

2 0.00440 0.00270 0.00427 0.00323 

3 0.00482 0.00385 0.00468 0.00348 

4 0.00817 0.01081 0.01020 0.00762 

5 0.02220 0.02726 0.02826 0.01933 

6 0.04477 0.04996 0.05443 0.03816 

7 0.05616 0.05528 0.06548 0.05330 

8 0.05651 0.05043 0.05710 0.05402 

9 0.05569 0.04772 0.04987 0.05121 

10 0.06021 0.05210 0.04957 0.05379 

11 0.06138 0.05426 0.05183 0.05909 

12 0.06089 0.05844 0.05429 0.06410 

13 0.06319 0.06092 0.05663 0.06363 

14 0.06565 0.06667 0.06320 0.06694 

15 0.06748 0.07611 0.07184 0.07363 

16 0.06890 0.08890 0.07436 0.08008 

17 0.06731 0.08717 0.07235 0.08016 

18 0.05534 0.06480 0.05923 0.06333 

19 0.04439 0.04472 0.04447 0.04829 

20 0.03654 0.03291 0.03677 0.03892 

21 0.03207 0.02584 0.03227 0.03042 

22 0.02825 0.01820 0.02557 0.02122 

23 0.01853 0.01156 0.01785 0.01401 

* Hour 0 starts at midnight, hour 1 at 1 a.m., and so on.  

Source: VDOT, “Traffic Data for the 2014 Periodic Emissions Inventory. Air Quality Planning Areas: 
Fredericksburg, Hampton Roads, Northern Virginia, Richmond, Roanoke & Winchester”, 
November 2015. 

 

2.5.3 Adjustments for Off-Network Facilities (Local and Collector Roads) 
 
The federal conformity rule at 40 CFR 93.122(a) requires that “…Projects which are not 
regionally significant are not required to be explicitly modeled, but vehicle miles traveled 
(VMT) from such projects must be estimated in accordance with reasonable professional 
practice.”  
 
All regionally significant projects are included in the network modeling as summarized 
previously. However local roadways are not typically coded in regional transportation 
model networks and are not coded in the regional network model developed for 
Hampton Roads14.  

                                                           
14 Collectors may also be included in this off-network calculation, if needed depending on their coverage in 



 
The pre-processor was therefore designed to generate estimates for VMT for these 
minor facilities, projecting future traffic volumes using traffic count data for a base year 
and average annual growth rates applicable through the horizon year of the LRTP for the 
region. Speeds are taken from the VDOT Statewide Planning System (SPS) database. 
The base year VMT data for local roads were obtained for 2016 from the VDOT 
TMS/HPMS database. Tabulations of the VMT forecasts generated are presented in 
Appendix B. 
 
Exhibit 2-10 presents forecast annual average growth rates for local road VMT for the 
Hampton Roads area15. As an approximation, the rates were taken as equivalent to the 
annual average growth rates reported with the socioeconomic data for auto ownership in 
Hampton Roads.  
 

Exhibit 2-10:  Annual Average Growth Rates for Local Road VMT 
 

Jurisdiction Annual Average 

Growth Rate 

Chesapeake 1.69% 

Gloucester 1.63% 

Hampton 0.42% 

Isle of Wight 2.54% 

James City 2.50% 

Newport News 1.07% 

Norfolk 0.79% 

Poquoson 1.16% 

Portsmouth 0.62% 

Suffolk 2.94% 

Virginia Beach 0.86% 

Williamsburg 1.37% 

York 1.66% 

 

 

                                                           
the regional TDM to be applied for the conformity analysis.  

15 The annual growth data presented here are as presented as applied in the last conformity analysis and 

will be updated as needed for this conformity analysis. 


