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EXECUTIVE SUMMARY 
 
 

Introduction 
 

The Code of Virginia (§ 33.1-23.03) requires Virginia’s Commonwealth Transportation 
Board to identify “all construction needs for all [modal] systems” every 5 years.  In practice, the 
Commonwealth Transportation Board identifies these needs through Virginia’s statewide 
multimodal transportation plan.  The most current plan, known as VTrans2025, was finalized in 
2004 (VTrans2025 Technical Committee, 2004).  The plan will be updated in 2009, with the 
update being coordinated through Virginia’s Office of Intermodal Planning and Investment and 
representatives of five statewide agencies: the Virginia Department of Aviation (DOAV), the 
Department of Motor Vehicles (DMV), the Virginia Department of Rail and Public 
Transportation (DRPT), the Virginia Department of Transportation (VDOT), and the Virginia 
Port Authority (VPA) (Office of Intermodal Planning and Investment, n.d.).  This multimodal 
plan is known as VTrans2035. 
 

To update this plan, the VTrans2035 Multimodal Advisory Committee sought four types 
of information for year 2035: 

 
1. forecasts of socioeconomic activity, such as population, employment, household size, 

household income, and ratio of employment to households 
 
2. forecasts of travel demand, such as daily vehicle miles traveled (DVMT) (for the 

highway mode); unlinked passenger trips (for the transit mode); and annual 
enplanements, i.e., the number of passengers boarding an aircraft (for the aviation 
mode) 

 
3. information regarding changes in trends affecting the travel demand forecasts, such as 

potential changes in fuel costs and in the proportion of older drivers between now and 
2035   

 
4. potential policy responses to the challenges posed by these forecasts. 

 
The purpose of this study was to provide the four types of information to the committee.  

The scope was limited to forecasts at the state or planning district commission (PDC) level in 
Virginia and included estimating the uncertainty associated with these forecasts.    
 

 
Forecasts for 2035 in Virginia 

 
Socioeconomic Forecasts 
 
• Between 2010 and 2035, Virginia’s population will grow by about one third from slightly 

more than 8 million to between 10.28 million (Virginia Employment Commission [VEC], 
2008) and 10.93 million (NPA Data Services, Inc. [NPA], 2008).  The proportion of persons 
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age 65 and over will increase from about 12% to 19%, such that Virginia will have about 2 
million individuals age 65+ in 2035 compared to about 1 million in 2010. 

 
• Four PDCs will be responsible for between 76% (VEC, 2008) and 81% (NPA, 2008) of 

Virginia’s population growth for the period 2010 through 2035.  NPA (2008) showed that 
2.34 million of the 2.87 million additional population will come from the following PDCs: 
Northern Virginia Regional Commission (Northern Virginia PDC) (1.23 million), Hampton 
Roads and Richmond Regional (0.41 million each), and George Washington (0.28 million).  
As discussed in the report, PDC boundaries were modified slightly to avoid the double 
counting of counties that are a member of more than one PDC. 

 
• Between 2010 and 2035, total employment (wage, salary, and proprietor) will increase from 

5.21 million to 7.75 million (NPA, 2008).  As with population, much of this growth (84%) 
will be concentrated in four PDCs: Northern Virginia (1.28 million), Richmond Regional 
(0.37 million), Hampton Roads (0.35 million), and George Washington (0.15 million).   

 
• Real household income (in 2000 dollars) will increase by about half, from $99,159 in 2010 to 

$148,948 in 2035.  Thus, generally, each PDC is forecast to see its real household income 
grow between 38% and 60%.   

 
• Population and employment growth rates by PDC between 2010 and 2035 will be more 

variable than household income growth rates (NPA, 2008; VEC, 2008).  Population growth 
rates will vary between approximately 3% (Cumberland Plateau) and 73% to 80% (George 
Washington).  Employment growth rates vary between 8% (West Piedmont and Southside) 
and 90% (George Washington). 

 
• Although the average household income of each PDC is expected to grow by 38% to 60%, 

the 2010 incomes themselves will vary substantially.  For example, the smallest average 
household income in 2010 ($56,222 in Lenowisco) will be less than half the largest average 
household income ($143,371 in Northern Virginia).  

 
• Because population forecasts (NPA, 2008; VEC, 2008) were available only up to 2030, they 

were extended to 2035 using linear regression.  When NPA data were used, the 95% 
prediction interval attributable to this regression was relatively tight (between 10.905 and 
10.947 million).  When VEC data were used, interval was larger (between 9.508 and 11.050 
million).  The reason for the difference is that the NPA data are available annually whereas 
the VEC data are available only on a decennial basis. 

 
• Population forecasts extrapolated from NPA (2008) and VEC (2008) differed by 647,238 

people (about 6% of the 2035 VEC forecast).  
 
• As expected, discrepancies in population forecasts at the regional (PDC) level were greater 

than at the state level.  For 2030, the statewide forecasts from different sources varied by 
approximately 491,000 (5% of the 2030 VEC forecast).  For the same year, a summation of 
the absolute value of the difference in forecasts for each region was about 675,510 (7% of the 
2030 VEC forecast).  
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• Statewide forecasts for 2025 in this report (9.7 million) differed from the high end of those 
made in 2003 (Miller, 2003) (9.3 million) by approximately 4%. 

 
• In forecasts for 2010, only four PDCs—Hampton Roads, Richmond Regional, Roanoke 

Valley-Alleghany Regional Commission (Roanoke Valley-Alleghany PDC), and Northern 
Virginia—had wage and salary employment to household ratios above the forecast 2010 
statewide ratio of wage and salary jobs to households, or 1.41.  In forecasts for 2035, these 
continued to be the only PDCs with ratios above the forecast 2035 statewide ratio of 1.46. 

 
Travel Demand Forecasts 
  
• The DVMT forecast for year 2035 was between 321 and 345 million.  The lower number was 

based on the 2035 population forecast from VEC (2008), and the higher number on the 2035 
population forecast from NPA (2008).  Both forecasts were based on the relationships 
between total DVMT and population between 1991 and 2007. 

 
• These forecasts are similar to those in the literature, which suggested annual DVMT growth 

rates of 1.74% through 2010; 1.58% for 2011 through 2020; and 1.31% for 2021 through 
2035 (Liu et al., 2007).  A forecast based on this approach yielded a 2035 DVMT of 337 
million.   

 
• An upper forecast was determined based on a Virginia DVMT growth rate of 2.77%, which 

occurred between 1982 and 2007.  This upper forecast was 484 million DVMT. 
 
• It is possible to subdivide the state DVMT to the PDC level, as was done in this report; to the 

extent that population will influence DVMT, approximately 67% to 70% of this DVMT was 
attributed to four PDCs (George Washington, Hampton Roads, Northern Virginia, and 
Richmond Regional).   

 
• Although the assumption that DVMT is proportionate to population comprises a useful 

guideline, DVMT is attributable to other factors, especially when the area of analysis is a 
region rather than a state.  For example, in 2006, the George Washington, Hampton Roads, 
Northern Virginia, and Richmond Regional PDCs had 59.8% of the statewide measured 
DVMT and 64% of the statewide population.  When both transit passenger miles traveled 
and DVMT were included, the travel share for the four PDCs increased to 60.2% of the 
state’s combined transit passenger miles traveled and DVMT. 

 
• The 2035 transit demand forecast was 352 to 360 million transit trips, which is almost double 

the 2007 value of 192 million trips.  Most of these trips (60%) were attributable to the rail 
and bus service provided by the Washington Metropolitan Transit Authority in Northern 
Virginia. 

 
• The estimate of 352 to 360 million transit trips was based on an assumed annual growth rate 

of 2.19% to 2.27% (which were the historical growth rates from 1991 through 2007; the 
range is due to uncertainty regarding some of these historical data).  Had a higher rate been 
assumed, such as the annual growth rate of 4.07% for the period 1997 through 2007, the 
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2035 forecast would have been 587 million trips.  Had a lower annual growth rate been 
assumed, such as the negative 0.65% during the period 1991 through 1997, a lower forecast 
of 160 million transit trips would have been expected, which would be a decrease from the 
2007 value of 192 million trips. 

 
• Virginia enplanements (passengers boarding an aircraft) are expected to increase from 25.6 

million in 2007 to 56.7 million in 2035 based on expected national annual enplanement 
growth rates provided by the Federal Aviation Administration (FAA) (2008a).  In 2007, most 
(95.7%) of Virginia’s enplanements were at the Commonwealth’s four largest airports: 
Dulles International Airport, Ronald Reagan Washington National Airport, Richmond 
International Airport, and Norfolk International Airport (FAA, 2008b). 

 
 

External Influences Affecting Travel Demand Forecasts 
 

 A sensitivity analysis considered the impacts on DVMT of changes in personal income, 
population, fuel cost, and density.  The sensitivity analysis also considered the impacts of fuel 
price (on transit trips) and economic conditions (on aviation enplanements).  Because income 
data were available from one source (NPA, 2008) and because it was desired to use population 
data from the same source to increase data consistency, the sensitivity analysis used the 
following as a baseline: a 2035 population estimate of 10.93 million and a DVMT forecast of 
345.4 million based on the 2035 population estimate.  For transit, the sensitivity analysis used a 
baseline of 360 million trips based on extrapolation of growth trends from 1991 through 2007 
based on information provided by Hill (2008).  For aviation, the baseline was 56.7 million 
enplanements based on applying growth rates shown in FAA (2008a). 

 
 The results of this sensitivity analysis for DVMT, transit trips, and enplanements were as 

follows: 
 

• A change in real fuel costs (unleaded gasoline) from the assumed $2.80/gal to an 
amount as low as $1/gal or as high as $10.00/gal yielded between 402 million and 
119 million DVMT based on published elasticities relating vehicle travel to fuel 
costs.  (These forecasts deviated from the baseline value of 345 million DVMT by 
16% and 66%, respectively.)   

 
• A change in real household income growth between 2010 and 2035 from the assumed 

increase of 50.21% to an increase as low as 0.21% or as high as 100.21% yielded 
between 216 million and 474 million DVMT.  (These forecasts deviated from the 
baseline DVMT by 37%.) 

 
• An increase in density such that all new population growth between 2010 and 2035 

was placed in the highest density PDC reduced DVMT to 332 million, which was a 
reduction of 4% from the baseline DVMT. 

 
• The changes in DVMT described in the preceding three bullet items assumed average 

elasticities.  As shown in Figure 13 of the report, the elasticities in the literature 
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varied substantially for the cases of the effect of (1) fuel costs and (2) income on 
travel demand.  Figure 13 shows that the variation in elasticity for the effect of 
density on travel demand was less than that of fuel costs or income on travel demand. 

 
• A change in real fuel costs from the assumed value or $2.80/gal to a value as low as 

$1/gal or as high as $10/gal yielded between 332 million and 471 million unlinked 
transit trips.  These forecasts deviated from the baseline value of 360 million trips by 
8% and 31%, respectively.  (The baseline fuel cost of $2.80/gal was used in the 
sensitivity analysis because transit data were last available in 2007.) 

 
• The aviation forecast of 56.7 million enplanements in 2035 is highly dependent on 

economic conditions, the price of fuel, the applicability of national projections to 
Virginia, and the extent to which growth rates projected to year 2025 (FAA, 2008a) 
can be extended to year 2035.  Extrapolation of a low forecast scenario from the 
literature (FAA, 2008a) and the use of higher Virginia large domestic carrier 
enplanement growth rates for the period 2000 through 2007 (FAA, 2008b) suggested 
a low 2035 forecast of 26.8 million enplanements and a high 2035 forecast of 62.2 
million enplanements. 

 
 

Identification of Potential Policy Responses to Challenges Suggested by Forecasts 
 
 One criterion was used to identify potential policy responses to challenges suggested by 
the forecasts: the policy response had to require coordination across at least two of the following 
areas: highway travel, transit travel, aviation travel, land development, and passenger safety.  
The reason for this was that the Office of Intermodal Planning and Investment, which houses 
VTrans2035, was created to “encourage the coordination of multimodal and intermodal planning 
across the various transportation modes within the commonwealth” (Office of Intermodal 
Planning and Investment, n.d.).  Thus, although a wide variety of policy responses could be 
implemented by an individual agency; this report focused on policy responses that appeared to 
require coordination across two or more agencies.   
 
 Through the use of this criterion, four potential policy responses were identified: 
 

1. Encourage increased density at select urban locations to reduce CO2 emissions. 
 
2. Use cost-effectiveness as a criterion to select project-level alternatives for achieving a 

particular goal. 
 

3. Identify policy initiatives to serve increased demographic market segments. 
 

4. Quantify the economic harm of general aviation airport closures.  
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Determination of Impact of Potential Policy Responses 
 

Policy Response 1:  Encourage Increased Density at Select Urban Locations to Reduce CO2 
Emissions 
 

For the analysis of the impact of this policy response to reduce CO2 emissions, state level 
encouragement for four PDCs to increase density in their more urban areas rather than in their 
more rural areas was examined.   

 
The findings were as follows: 

 
• The four PDCs where most (76% to 81%) of the state’s 2010 to 2035 population 

growth will occur were considered: George Washington, Hampton Roads, Northern 
Virginia, and Richmond Regional.   

 
• In each PDC, an increased density scenario was considered where growth between 

2010 and 2035 was diverted to the two highest density areas of the PDC.  For 
example, in George Washington, growth was diverted to the City of Fredericksburg 
rather than to King George County. 

 
• The density increase reduced DVMT by 6.11% (George Washington), 0.19% 

(Hampton Roads), 0.56% (Richmond Regional), and 6.82% (Northern Virginia).  
This reduced 9.1 million DVMT, which constituted a 2.6% reduction from the 
baseline value of 345.4 million DVMT. 

 
• On an annual basis, this DVMT reduction would eliminate 1.507 million metric tons 

of CO2, based on the baseline DVMT of 345.4 million, the supporting population 
estimates from NPA (2008), and factors from the literature (Feigon et al., 2003) 
relating CO2 emissions to DVMT.  A reduction of 1.563 million metric tons is 
estimated if other assumptions regarding population (VEC, 2008), emissions factors 
(Ponticello, 2008), and baseline DVMT (e.g., 321.2 million DVMT) are used instead. 

 
Policy Response 2: Use Cost-effectiveness As a Criterion to Select Project-Level 
Alternatives for Achieving a Particular Goal 
 

The case study used in the analysis of this policy response compared seven modally 
different alternatives for reducing NOx emissions for an example congested corridor.  The 
alternatives included the support of transit-oriented development (TOD), increased transit hours 
of operation, a reduction in transit fares, the provision of a parking subsidy to encourage 
carpooling, construction of a reversible high-occupancy vehicle (HOV) / high-occupancy toll 
(HOT) lane (with and without trucks), and improved access management.  This analysis yielded 
two findings: 
 

1. The cost for reducing 1 kilogram of NOx ranged from $1,221 for the most effective 
alternative to $4,181 for the least effective alternative—a ratio of 3.42.   
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2. When the assumptions were changed, such as for the cost for the parking subsidy or 
for HOV/HOT lane construction, a different alternative became the most cost-
effective but the ratio of the least to most cost-effective alternative was similar and 
also large (ratio of 3.37). 

 
 The comparison implied that gains in cost-effectiveness can be realized if decision 

makers are able to choose alternatives, regardless of mode, based solely on cost-effectiveness 
with regard to achieving a particular goal.  The particular goal chosen in the analysis of this 
policy response was reduction of NOx emissions, but Virginia decision makers could select other 
goals. 

 
Policy Response 3: Identify Policy Initiatives to Serve Increased Demographic Market 
Segments 
 
 To investigate the impact of this policy response, the demographic group of Virginia’s 
population age 65 and older was used in a case study.  The number of Virginians age 65 and over 
will roughly double from 1 million in 2010 to 2 million in 2035.  Two findings resulted from the 
case study to provide mobility alternatives for the larger proportion of the population age 65 or 
older: 
 

1. At least four diverse alternatives merit further consideration.  One alternative is well 
known and is being implemented or considered in Virginia: age-friendly roadway 
designs (e.g., left turn lanes with positive offsets).  Two other alternatives—physical 
rehabilitation (e.g., physical and cognitive therapies that will also help drivers 
maintain their driving skills) and carefully targeted programs to prevent driver 
cessation—may be less well known.  The fourth alternative—considering the 
mobility needs of older residents at the land development stage—is outside the 
purview of the state transportation agencies.  A review of the literature suggested that 
although all four alternatives require further research, all four appear to have at least 
some merit and should be considered as additional information about their efficacy 
becomes available.   

 
2. To be successful, it appears that the alternatives need to be carefully targeted.  For 

example, anecdotes from Rosenbloom and Herbel (2008) offered a compelling case 
for targeting programs to encourage continued driving to women.  According to these 
anecdotes, as a result of pressure from their spouse, some women stop driving even 
though they can still drive safely; it is then harder for these women to re-start driving 
later because of the break in their driving experience. 

 
This policy response illustrates how to consider just one market segment that will have 

increased importance in 2035.  Other market segments, such as immigrants arriving in the United 
States or transit-dependent populations that relocate to areas without transit services because of 
urban revitalization efforts, may also merit further study. 
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Policy Response 4: Quantify the Economic Harm of General Aviation Airport Closures 
 

The analysis of this policy response was to quantify the economic harm that would result 
from the closure of select general aviation airports that are at risk for closure or operations 
restrictions in order to protect Virginia’s investment in aviation infrastructure.   
 

Airports generate economic benefits through direct impacts (e.g., airport employee 
wages), airport-dependent impacts (e.g., businesses depend on the airport for essential services, 
such as executive travel to visit a manufacturing facility, where such impacts may include taxes 
paid by such businesses), and multiplier effects (DOAV, 2006a).  These economic benefits were 
estimated to be approximately $18 billion in 2007 (Bureau of Labor Statistics, 2008; DOAV, 
2006a) and may grow to between $19 billion and $43 billion in 2035 depending on the number 
of enplanements. 

 
Although these enplanements are affected by numerous factors beyond Virginia’s control 

(economic conditions, the threat of terrorism), one factor that Virginia may influence is the 
extent to which smaller general aviation airports are kept open.  General aviation airports may be 
under pressure to close or restrict operations, either because the airport itself may be used for 
other purposes (e.g., residential development) or because of concerns about airport noise 
(DOAV, 2006b).  Virginia’s general aviation airports may have contributed $3.66 billion (in 
2007 dollars) in economic benefits (e.g., output, employment, and earnings) (Allen et al., 2006; 
Bureau of Labor Statistics, 2008). 

 
This policy response may be a productive area for future exploration to the extent that (1) 

local service airports are an essential component of the aforementioned economic activity, and 
(2) such information could be used to support transportation/land use coordination (DOAV, 
2006b), such as appropriate development of land adjacent to airports.  Such work would build on 
Virginia-specific economic impact work that has already been conducted (DOAV, 2006a) and 
would focus on the impact of closures as was done by Weisbrod (1990). 
 
 

Limitations of Macroscopic Analyses 
 

There are several limitations to the macroscopic analyses presented here that can be 
resolved only as more detailed data are collected.  These limitations include the manner in which 
statewide travel demand estimates are derived, the extent to which the elasticity-based 
assumptions will hold over time, the inability to quantify the impacts of Policy Responses 3 and 
4 at present, and the manner in which the policy responses are implemented.  For example, with 
Policy Response 1, the state does not have the authority to mandate increased density: it can only 
encourage metropolitan planning organizations or PDCs to consider this response, which they in 
turn can encourage but not mandate through zoning policies, comprehensive plans, and possibly 
the provision of technical assistance. 
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Conclusions 
 
• Socioeconomic activity and travel demand in Virginia are expected to increase from 2010 to 

2035.  The best estimates for these increases are as follows: 
 

― Population: 28.3% (based on VEC data) or 35.6% (based on NPA data) 
― Employment: 48.9% 
― Household income: 50.21% in 2000 dollars 
― Employment to household ratio: 3.6% (statewide) with some higher increases (e.g., 

Northern Virginia with 7.3%), some lower increases (e.g., 2.2% in George Washington 
Regional), and some decreases (e.g., –10.3% in Rappahannock-Rapidan); these ratios 
exclude proprietor employment 

― DVMT (highway): 35.6% (based on the VEC population) or 44.8% (based on the NPA 
population) 

― Unlinked passenger trips (transit): 75.47% 
― Annual enplanements (aviation): 103.5%. 

 
Note also that the average household size will decrease by 3.1%.  
 
These best estimates depend on a wide variety of assumptions and may be replaced by a 
range.  For example, the range of annual enplanements for year 2035 relative to 2007 is 
between 5% and 143% depending on GDP growth. 
 

• Although DVMT will increase, the annual rate of increase between 2010 and 2035 will be 
less than it was between 1982 and 2007.  A model predicting 2035 Virginia DVMT as a 
function of population forecast between 321 and 345 million DVMT, depending on which 
2035 population is used.  The application of low growth rates suggested by some literature 
yielded 337 million DVMT.  All three estimates are substantially lower than what would 
result from the extension of historical Virginia DVMT growth rates between 1982 and 2007 
(483.6 million DVMT). 

 
• Although statewide forecasts of DVMT, transit trips, and aviation enplanements have some 

uncertainty because of population, the uncertainty attributable to other factors, such as 
growth in household income, is larger.  Population uncertainty affected the 2035 DVMT 
estimate by a modest amount (321.2 to 345.4 million), whereas a change in household 
income caused a wider change in the forecast (113.3 to 529.0 million). 

 
• Although the four policy responses developed in this study may have merit, there is no “silver 

bullet.”   For example, to the extent that density is a surrogate for other factors such as 
pleasantness of walking and proximity of destinations that may reduce automobile trip length 
or frequency, an increase in population density in select high-density jurisdictions may 
eliminate 1.507 million metric tons of CO2 per year, based on the elimination of 9.1 million 
DVMT, which is 2.6% of the statewide 2035 DVMT.  This change is smaller than changes in 
two different 2035 statewide population estimates (7.0% of DVMT), an increase in fuel costs 
to $10/gal (66% of DVMT), or elimination of the anticipated 50% increase in real household 
incomes between 2010 and 2035 (37% of DVMT). 
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• The policy responses suggest that the challenges facing Virginia may possibly be addressed 
more effectively if alternatives can be selected based on their ability to achieve one or a 
small number of goals.  Policy Response 2 demonstrated that for a given goal, such as 
emissions reduction, the most cost-effective alternative may come from diverse areas (land 
use, highway construction, highway operations, transit construction, or transit operations) 
and thus flexibility to choose an alternative without modal restrictions may be beneficial.  In 
the case study examined, the cost of the “best” alternative was less than one third that of the 
“worst” alternative—but site-specific information is needed to determine which alternative is 
best.  This information is not necessarily available at the time of programming. 

 
• The range of potential policy responses is diverse in that different modes and different 

disciplines are required.  For the case study in Policy Response 3—identify policy initiatives 
to serve persons age 65 and over—included making roadway improvements amenable to 
older drivers and developing techniques, such as physical therapies and carefully targeted 
driver encouragement programs, that require a variety of skills. 

 
• Although DVMT is more sensitive to income than to fuel costs (Pickrell and Schimek, 1998), 

the analysis in this report suggests that changes in fuel cost may have a greater impact on 
fuel-based DVMT than changes in household income.  The explanation is that fuel costs 
between 2010 and 2035 could vary by as much as an order of magnitude (e.g., the high value 
of $10/gal of unleaded gasoline is 10 times the low value of $1/gal) whereas household 
income is not assumed to have quite as large a range.  Historical data suggest that fuel costs 
are more volatile than income. 

 
 

Recommendation 
 
 This report found that four policy responses to the challenges posed by the changes 
facing Virginia by year 2035 have potential merit relative to the do-nothing case.  Because this 
report did not prove that each policy response would be an effective use of resources, the four 
policy responses are only recommended for consideration at this point in time.  These policy 
responses are: 
 

1. Encourage increased density at select urban locations to reduce CO2 emissions.  The 
potential benefit of this response is a reduction in DVMT (a value of 2.6% was 
computed in this report).  The potential disadvantage is that other factors, such as fuel 
price (and, as a consequence, policies based on fuel price), may have a greater impact. 

 
2. Use cost-effectiveness as a criterion to select project-level alternatives for achieving 

a particular goal.  The potential benefit of this response is an increase in cost-
effectiveness (a ratio of about 3.37 to 3.42 between the least and most cost-effective 
project in this report was calculated). The potential disadvantage is that obtaining 
agreement on a single goal for a particular project can be difficult. 

 
3. Identify policy initiatives to serve increased demographic market segments.  The 

potential benefit of this response is identification of creative strategies to increase 
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mobility; for example, given the expected doubling of persons age 65 and older by 
2035 and the expected growth in DVMT, the strategy of enabling older drivers to 
continue driving (through traffic engineering and targeted educational campaigns) 
appears to have merit.  The potential disadvantage of this response is that the costs of 
the various components of this strategy have not been assessed to determine which 
components are the most effective. 

 
4. Quantify the economic harm of general aviation airport closures.  The potential 

benefit of this response is that the results of such a study might enable Virginia to 
preserve components of its air transport system.  The potential disadvantage of this 
response is the cost of such a study. 
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INTRODUCTION 
 

The Code of Virginia (§ 33.1-23.03) requires Virginia’s Commonwealth Transportation 
Board to identify “all construction needs for all [modal] systems” every 5 years.  In practice, the 
Commonwealth Transportation Board identifies these needs through Virginia’s statewide 
multimodal transportation plan.  The most current plan, known as VTrans2025, was finalized in 
2004 (VTrans2025 Technical Committee, 2004).  The plan will be updated in 2009, with the 
update being coordinated through Virginia’s Office of Intermodal Planning and Investment and 
representatives of five statewide agencies: the Virginia Department of Aviation (DOAV), the 
Department of Motor Vehicles (DMV), the Virginia Department of Rail and Public 
Transportation (DRPT), the Virginia Department of Transportation (VDOT), and the Virginia 
Port Authority (VPA) (Office of Intermodal Planning and Investment, n.d.).  This multimodal 
plan is known as VTrans2035. 
 

To update this plan, the VTrans2035 Multimodal Advisory Committee sought four types 
of information for year 2035: 

 
1. forecasts of socioeconomic activity, such as population, employment, household size, 

household income, and ratio of employment to households 
 
2. forecasts of travel demand, such as daily vehicle miles traveled (DVMT) (for the 

highway mode); unlinked passenger trips (for the transit mode); and annual 
enplanements, i.e., the number of passengers boarding an aircraft (for the aviation 
mode) 

 
3. information regarding changes in trends affecting the travel demand forecasts, such as 

potential changes in fuel costs and in the proportion of older drivers between now and 
2035   

 
4. potential policy responses to the challenges posed by these forecasts. 
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PURPOSE AND SCOPE 
 

The purpose of this study was to provide the four types of information sought by the 
VTrans2035 Multimodal Advisory Committee for Virginia: (1) socioeconomic forecasts, (2) 
travel demand forecasts, (3) changes in trends affecting the travel demand forecasts, and (4) 
possible policy responses to the challenges posed by these forecasts.   
 

The scope was limited to forecasts at the state or planning district commission (PDC) 
level in Virginia and included estimating the uncertainty associated with these forecasts.    
 
 
 

METHODS 
 

Six tasks were completed to achieve the study objectives: 
 

1. Develop socioeconomic forecasts for year 2035. 
2. Develop travel demand forecasts for year 2035. 
3. Identify external influences affecting the travel demand forecasts.  
4. Identify potential policy responses to the challenges suggested by the forecasts. 
5. Determine the impacts of these policy responses. 
6. Revise the analysis based on comments from the Multimodal Advisory Committee. 

 
 

Development of Socioeconomic Forecasts for Year 2035 
 
 Forecasts for population, employment, household size, household income, and 
employment to household ratios were developed for year 2035 at the geographic level of a PDC.  
The PDC level was chosen because a forecast for a larger area (such as a PDC) is more accurate 
than one for a smaller area (such as a jurisdiction).  With Virginia divided into 21 PDCs (see 
Figure 1), a PDC is sufficiently disaggregate to show key differences in population and 
employment that are likely to affect travel demand by 2035.  Although some jurisdictions and 
some PDCs have forecasts for various years, such as the Hampton Roads PDC, which noted that 
its population for year 2034 is projected at 1,575,348 (Whaley, 2007), it does not appear to be 
the case that all PDCs or jurisdictions have long-range projections for the same future year.  
 

Five steps were followed to develop socioeconomic forecasts. 
 

1. Obtain available data.  A primary source for projections of population, employment, 
household size, and household income for each year for various regions through year 
2030 was a private vendor: NPA Data Services, Inc. (NPA) (2008).  Publicly 
available data, such as population projections for year 2030 (Virginia Employment 
Commission [VEC], 2008) and land area (Weldon Cooper Center for Public Service, 
2003) were also obtained. 
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Figure 1.  Virginia’s 21 Planning District Commissions.   

The numbers indicate the number of the particular PDC.  Virginia does not have PDCs numbered 20 or 21 because 
in 1990, PDC 23 was created by merging PDCs 20 and 21 (Beamer, 1994). 
 

 
2. Organize data by PDC.  Some data were available at the jurisdiction level (e.g., 

Accomack County), and some data were available at the regional level (e.g., Augusta 
County combined with the cities of Staunton and Waynesboro).  These data were 
organized roughly by PDC with the following caveat: in five instances, one county is 
included in more than one PDC.  For example, Gloucester County is a member of the 
Hampton Roads PDC (Hampton Roads PDC, 2008) and the Middle Peninsula PDC 
(Middle Peninsula PDC, n.d.).  To avoid double counting any counties, each county 
was assigned to one PDC in a manner consistent with that used elsewhere (Weldon 
Cooper Center for Public Service, 2008). 

 
3. Extrapolate forecasts for year 2030 to year 2035 by region.  Linear regression (Eq. 1) 

was used to extrapolate the forecasts.  For the VEC data, the 2035 value (VEC 2035) 
was based on 2010, 2020, and 2030 data as these were the only values available.  For 
the NPA data, the 2035 value (NPA 2035) was extrapolated based on the change for 
the period 2025 to 2030, as suggested by Terleckyj (2008).  In Eq. 1, Yi is the 
dependent variable (e.g., population for a given PDC for a given year), a and b are 
coefficients determined from linear regression, and Xi is the independent variable 
denoting the year.  

 
 )x(baY ii +=        [Eq. 1] 
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The Code of Virginia (§ 60.2-113.6) indicates that the VEC is to “[p]repare official 
short and long-range population projections for the Commonwealth for use by the 
General Assembly and state agencies with programs which involve or necessitate 
population projections.”  Readers who need a single VEC estimate of the 2035 
population may choose the midpoint VEC 2035 value based on this methodology.   

 
4. Estimate uncertainty due to extrapolation from 2030 to 2035.  Hillier and Lieberman 

(2001) provided a methodology for estimating a confidence interval for a prediction 
from linear regression (i.e., prediction confidence interval).  This formula is shown in 
Eq. 2, where Yc is the best forecast for year 2035 and the remaining variables are 
determined from the linear regression in Eq. 1 as follows.  For the NPA data, n is the 
number of years (hence n = 6 for years 2025-2030); xi and yi denote year and 
population for the period 2025 through 2030; Yi is the computed population for years 
2025 through 2030; and p is the number of independent variables (hence p = 1).  For 
the VEC data, n = 3 for years 2010, 2020, and 2030 and xi and yi correspond to those 
years and populations. 
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5. Estimate uncertainty due to differences in forecast methodologies.  When two sources 

provided the basis for a forecast, the values were compared.  For example, for each 
PDC, population projections from 2030 from VEC were compared to population 
projections for 2030 from NPA.  This difference may be viewed as an empirical 
confidence interval, analogous to the prediction (i.e., statistical) confidence interval 
shown in Eq. 2. 

 
 

Development of Travel Demand Forecasts for Year 2035 
 
 Travel demand was forecast for three modes: highway (as DVMT), transit (as unlinked 
passenger trips), and aviation (as enplanements). 
 
Highway Forecasts 
 
 Four estimates of statewide DVMT were obtained. 
 

1. DVMT based on VEC population.  For the period 1991 through 2007, regression 
models comparable to those shown in Eq. 3, where DVMTi is the DVMT for a given 
year and b is a coefficient for population, were developed.  Then, the VEC 2035 
population was used in Eq. 3 to obtain a single statewide forecast.  The period 1991 
through 2007 was chosen because the ratio between population and DVMT was 
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relatively stable; further, such a period was consistent with the availability of data for 
the transit forecast.   

 
        )population(baDVMT ii +=                  [Eq. 3] 
 
2. DVMT based on NPA population.  Eq. 3 was used again to estimate DVMT for the 

NPA 2035 population.  Population, employment, households, years, income, and 
DVMT are all highly correlated such that Eq. 3 explains 96% of the annual variation 
in DVMT.   

 
3. Low DVMT growth.  The literature suggests DVMT growth rates of 1.74% to 2% for 

the period 2001 through 2025 (Polzin, 2006).  A Pennsylvania model based on 
changes in households, income, and lane-miles in that state suggested lower growth 
rates for future years (attributable in part to household growth rates decreasing and 
the portion of the population age 65+ increasing): 1.74% through 2010, 1.58% for 
2010 through 2020, and 1.31% for 2020 through 2030 (Liu et al., 2007).  The lower 
of these rates was applied to 2007 DVMT for the period 2007 through 2035. 

 
4. High DVMT growth.  This is a high forecast that presumes an annual growth rate of 

2.77% per year, which was the case for the period 1982 through 2007.  This period 
was chosen based on the advice of an experienced forecaster of national DVMT 
(Crichton, 2008) who further suggested that for a high estimate of DVMT, it might be 
appropriate to consider a 25-year history, which could show possible long-term 
growth but not the dramatic increases in DVMT evident in the 1960s.  

 
DVMT for each PDC was then estimated with each of the four methods.  The proportion 

of DVMT to each PDC was determined from the proportion of 2035 population in each PDC.  
For Estimate 1, the VEC 2035 population forecasts were used, and for Estimates 2 through 4, the 
NPA 2035 population forecasts were used.  
 
Transit Forecasts 
 

Statewide transit demand was estimated based on historical transit growth rates from 
1991 to 2007 in Virginia ( Federal Transit Administration [FTA], 2008b; Hill, 2008; McGavock, 
2008; Taube, 2007).  Variations in these rates, such as the decrease in transit usage between 1991 
and 1997 and the increase thereafter, were used to estimate a range of possible values of transit 
demand for 2035.  Transit demand was measured as the number of unlinked passenger trips.  
 
Aviation Forecasts 
 

Statewide aviation demand was estimated using a different method than those used for 
highway and transit.  The Federal Aviation Administration (FAA) (2008a) forecasts national 
annual rates of growth in enplanements for three categories of aviation travel: (1) domestic 
enplanements by mainline carriers (2.5%); (2) domestic enplanements by regional carriers 
(3.8%); and (3) international enplanements by U.S. carriers (4.6%).  Although FAA (2008b) 
provides total enplanements at Virginia airports for years 2001 through 2007, these 
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enplanements are not divided into the three categories used by FAA (2008a).  However, these 
categories were used by the Bureau of Transportation Statistics (BTS) (2002) for nine of 
Virginia’s airports.  For these nine airports, therefore, Eq. 4 was used to develop 2035 
enplanements: 
 

( )( )( )( )

( )( )( )( )

( )( )( )( )20072035

20072035

20072035

038.1TaxisAir or  CarriersAir  Smallby  tsEnplanemen Of ProportiontsEnplanemen 2007

025.1Carriers Largeby  tsEnplanemen Of ProportiontsEnplanemen 2007

046.1CarriersForeign by  tsEnplanemen Of ProportiontsEnplanemen 2007tsEnplanemen 2035

−

−

−

+

+

=

[Eq. 4] 

 
At Virginia’s smaller airports for which BTS data are not available, it was assumed that 

all air traffic was regional, and thus Eq. 4 simplifies to Eq. 5. 
 

( )( )( )20072035038.1tsEnplanemen 2007tsEnplanemen 2035 −=           [Eq. 5] 
 
Of note is that the FAA forecasts are developed for the nation as a whole through year 

2025 whereas Eqs. 4 and 5 were used to generate Virginia-specific forecasts through year 2035.   
 
 

Identification of External Influences Affecting Travel Demand Forecasts 
 
External Influences Affecting Highway Forecasts 
 

If fuel costs, income, or land use changes in an unexpected fashion, DVMT should also 
change.  To examine how changes to these three factors might influence DVMT, published 
values of elasticity (i.e., the percent change in DVMT attributed to a 1% change in the factor of 
interest, such as fuel cost, income, or density) were applied to the four DVMT forecasts noted 
previously as follows.   

 
1. Estimate the impact on DVMT of a change in fuel costs from a low value of $1/gallon 

to a high value of $10/gallon in year 2035.  The low value of $1 was chosen after a 
review of the literature suggested that the “electrical equivalent” of a gallon of fuel 
could be about $1 dollar if battery technology could make electric cars feasible for 
everyday use (“The End of the Petrol Head,” 2008).  The high value of $10 was 
chosen based up a review of Strobel (2008), who discussed the possibility of such 
higher prices.  For each of these fuel costs, long term elasticities of –0.19 to –0.32 
(Pickrell and Schimek, 1998) were used.  (These long-term elasticities matched those 
given in a literature review by Sinha and Labi [2007] of –0.15 in the short run and      
–0.32 in the long run.)  (The assumed fuel cost was $2.80 based on 2007 figures.) 

 
2. Estimate the impact on DVMT of an increase in real household income (between 

2010 and 2035) from a low value of 0.0021% to a high value of 100.21%.  The 
assumed increase was 50.21% in real household income, and elasticities were varied 
between 0.10 and 0.65.  These income elasticities were based on a review of the 
literature.  Wadud et al. (2008) suggested a mean income elasticity of 0.34, 
comparable to that of Pickrell and Schimek (1998) who suggested elasticities of 0.35 
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to 0.37.  The literature also suggested substantial variation in these elasticities; for 
example, Wadud et al. (2008) noted the income elasticity for urban households with a 
single vehicle and multiple workers was 0.304, whereas the elasticity for rural 
households with multiple vehicles and one or no workers was 0.445.  Hess et al. 
(2008) noted that the modeling approach caused elasticities to vary between 0.08 and 
0.40 but generally appeared to discourage the lower value.  Other income elasticities 
included 0.1 to 0.4 (Froehlich, 2008), 0.646 (Choo et al., 2007), and 0.64 (Zhang and 
McMullen, 2008). 

 
3. Estimate the impact of increased density on DVMT.  DVMT is influenced by density 

to the extent that density is a surrogate for other factors such as transit availability, 
pleasantness of walking, mix of land uses, and closeness of destinations, that could 
reduce the frequency or duration of automobile trips.  The impact of placing all 
additional population growth between 2010 and 2035 in the PDC with the greatest 
density was calculated; DVMT estimates were modified using two elasticities: a 
lower bound of –0.05 (Ewing and Cervero, 2001) and an upper bound of –0.29 
(calculated from information by Sun et al., 1998).   

 
The impact of density on DVMT as calculated yields an optimistically large DVMT 

reduction, since with a constant population, a net increase in density in one PDC will yield lower 
densities in other PDCs.  The NPA (2008) dataset was used for these analyses because it 
provided a single source for two types of socioeconomic data required: population and household 
income.   
 
External Influences Affecting Transit Forecasts 
 

A method comparable to that used for highway forecasts was used to assess the impact of 
increased fuel costs on transit.  The cross-elasticity of transit with respect to fuel costs (–0.12 
based on Litman [2007]) was used to determine how changes in fuel costs between $1/gal and 
$10/gal may influence transit use. 
 
External Influences Affecting Aviation Forecasts  
 

Because aviation demand is highly dependent on economic growth, the impact of a 
change in the gross domestic product (GDP) on enplanements was calculated.  FAA (2008a) 
reported the results of changing just one factor—economic growth.  In that report, the Office of 
Management and Budget expected U.S. GDP to grow at 2.9% per year between 2007 and 2010, 
whereas a consulting firm (Global Insight) forecast an average annual GDP growth rate of 2.5%.  
FAA (2008a) found that by assuming the lower GDP growth rate of 2.5%, the 2010 
enplanements were forecast to be 7.7% lower than the 2010 forecast that assumed a GDP growth 
rate of 2.9%.  This decrease was used as the basis for calculating a low Virginia enplanement 
forecast.   
 

This low forecast was developed by projecting large domestic, regional domestic, and 
international enplanements from 2007 to 2010 by the FAA baseline projections (2.5%, 3.8%, and 
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4.6%), reducing these 2010 projections by 7.7%, deriving the average annual growth rate for the 
period 2007 through 2010, and using this annual growth rate to develop 2035 projections.   
 

A high Virginia enplanement forecast was developed by assuming large domestic 
enplanements would grow to 2035 at the annual rate in Virginia for the period 2000 through 
2007 (2.97%) rather than FAA’s baseline forecast (2.5%).  Because the Virginia 2000 through 
2007 annual growth rates for regional enplanements (2.95%) and international enplanements 
(2.91%) were lower than the FAA projections of 3.5 and 4.6%, the FAA projections for regional 
and international enplanements were used to develop the high forecast. 

 
 

Identification of Potential Policy Responses to Challenges Suggested by Forecasts 
 
 One criterion was used to identify potential policy responses to challenges suggested by 
the forecasts: the policy response had to require coordination across at least two of the following 
areas: highway travel, transit travel, aviation travel, land development, and passenger safety.  
The reason for this was that the Office of Intermodal Planning and Investment, which houses 
VTrans2035, was created to “encourage the coordination of multimodal and intermodal planning 
across the various transportation modes within the commonwealth” (Office of Intermodal 
Planning and Investment, n.d.).  Thus, although a wide variety of policy responses could be 
implemented by an individual agency; this report focused on policy responses that appeared to 
require coordination across two or more agencies.   
 
 Through the use of this criterion, four potential policy responses were identified: 
 

1. Encourage increased density at select urban locations to reduce CO2 emissions. 
2. Use cost-effectiveness as a criterion to select project-level alternatives for achieving a 

particular goal. 
3. Identify policy initiatives to serve increased demographic market segments. 
4. Quantify the economic harm of general aviation airport closures.  

 
 

Determination of Impact of Potential Policy Responses 
 
Policy Response 1: Encourage Increased Density at Select Urban Locations to Reduce CO2 
Emissions 
 

This policy response encourages individual PDCs to increase density in their most urban 
areas in order to reduce DVMT, and hence CO2 emissions, in the PDC as a whole.  This policy 
response was selected because it does not change the 2035 population in each PDC but rather 
moves anticipated 2010-2035 growth from less dense to more dense locales within each PDC.  
 

This impact of this policy response was determined through four steps: 
 

1. For the four most populous PDCs, estimate the density in each jurisdiction that will 
result if (1) 2035 population growth proceeds as forecast, and (2) if all population 
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growth between 2010 and 2035 in the PDC is diverted to the two most densely 
populated jurisdictions in that PDC. 

 
2. For each jurisdiction, estimate the annual vehicle miles traveled (AVMT) from 

national data (Ross and Dunning, 1997), which shows how AVMT per person varies 
as a function of density.  (For example, the average AVMT per person is 10,560 for 
densities of less than 250 people/mi2 but 9,762 for densities between 250 and 999 
people/mi2.)   Perform this calculation twice: once for Case 1 (the baseline 2035 
densities) and once for Case 2 (the increased population densities).  Then, subtract the 
AVMT for Case 2 from that of Case 1.   

 
3. Apply the percentage reductions in AVMT noted in Step 2 to the DVMT estimates 

for each PDC.   
 
4. Compute the change in CO2 emissions that would result from this change in DVMT 

using composite emissions factors from the literature (Feigon et al., 2003). 
 

The reason for the use of density-AVMT relationships in Step 2 is that these were 
expected to give a more accurate assessment of the impact of density on travel than the elasticity 
concepts, because an increase in urban density should achieve greater reductions than an increase 
in suburban density (Stone et al., 2007).  Thus, the density-AVMT relationships in Step 2 should 
capture the impacts of density on DVMT more precisely than an approach that uses elasticities.  
However, the AVMT values in Step 2 are national averages whereas the DVMT estimates 
mentioned in Step 3 are specific to Virginia.  Thus, Step 2 indicates how a change in density 
yields a percentage change in DVMT and Step 3 applies these percentages to Virginia-specific 
DVMT values. 

 
Policy Response 2: Use Cost-effectiveness As a Criterion to Select Project-Level 
Alternatives for Achieving a Particular Goal 
 
Overview 
 
 This policy response is to enable Virginia decision makers to select project-level 
alternatives, such as improved transit service, highway expansion, or operational improvements, 
based solely on cost-effectiveness for achieving a particular goal.  Although cost-effectiveness is 
routinely a consideration at present, there are two constraints on complete adoption of such an 
approach.  The first constraint is the funding source: it is not always possible to shift roadway 
construction funds to transit or vice-versa.  The second constraint is that transportation 
improvements must satisfy multiple goals relating to safety, economic development, mobility, 
environmental consequences, and quality of life rather than just one particular goal. 
 
Case Study 
 

To determine the impact of selecting an alternative based solely on cost-effectiveness, a 
case study of the goal of reduced ground level ozone for 2035 was selected.  A sample scenario 
and seven alternatives for achieving the goal were used for the analysis.   
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The sample scenario is a 4-mile congested arterial facility with 32,250 vehicles per 
commuting day.  On such days, there are 5 peak hours, and during each peak hour the traffic 
volumes are as follows: 3,000 autos, 240 heavy duty diesel trucks, and 3 buses each with 20 
passengers per bus.  During these congested conditions, traffic moves at a speed of 20 mph.  At 
other times of the day, the arterial is not congested.  There are four lanes (two lanes in each 
direction).   
 

Ozone is formed by the reaction of volatile organic compounds (VOCs), an abundance of 
which are produced by the region, and nitrogen oxides (NOx), a limited amount of which are 
produced by the region.  Thus, for this region in particular, reduction of NOx is essential to 
reducing ground level ozone.  As shown in Figures 2 and 3, this reduction may be achieved by 
increasing speeds or reducing DVMT.  (Figures 2 [for automobiles] and 3 [for heavy duty diesel 
trucks] give composite emissions factors in units of grams per vehicle mile traveled for VOC and 
NOx.) 

 
The benefits and costs of seven alternatives for reducing NOx were considered in this 

scenario: 
 

1. Support transit-oriented development (TOD). 
2. Increase hours of existing transit service operation. 
3. Reduce current transit fares by 50%. 
4. Provide a parking subsidy for commuters who carpool. 
5. Construct a reversible high-occupancy vehicle (HOV) / high-occupancy toll (HOT) 

lane that allows trucks. 
6. Construct a reversible HOV/HOT lane that prohibits trucks. 
7. Improve access management by building reverse frontage roads. 
 

 

 
Figure 2.  Composite Emissions Factors for Automobiles. 

Created by executing the EPA MOBILE Emissions Model (version 6.2).  All defaults were used except that all 
DVMT was placed on arterial and collector facilities.   
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Figure 3.  Composite Emissions Factors for Heavy Duty Diesel Trucks. 

Created by executing the EPA MOBILE Emissions Model (version 6.2).  All defaults were used except that all 
DVMT was placed on arterial and collector facilities.   
 
 

These alternatives require different sources of funds.  Alternatives 2 and 3, for example, 
arise from a transit operations budget, whereas Alternative 7 is based on a highway capital 
improvements budget.  In the analysis of this case study, the impact of being able to shift funds 
freely among these seven alternatives was explored. 
 
Policy Response 3: Identify Policy Initiatives to Serve Increased Demographic Market 
Segments  
 
Overview 
 

This policy response is to identify initiatives that may serve market segments that should 
receive increased importance in year 2035 because of changing demographics.   

 
Case Study 

 
To determine the impact of this policy response, a case study of the market segment of 

persons age 65 and older was used.  Two steps were employed: 
 

1. Quantify the expected change in the number of persons age 65 and older between 
2010 and 2035. 

 
2. Identify policy initiatives that might serve this group. 
 

 Other market segments where the identification of policy initiatives might also be 
productive were also identified. 
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Policy Response 4: Quantify the Economic Harm of General Aviation Airport Closures 
 
Overview 
 

This policy response is to quantify the economic loss that would result from the closure 
of select general aviation airports that are at risk for closure or operations restrictions.   

 
Case Study 

 
The impact of this policy response was determined using Virginia enplanements as a case 

study.  These steps were used: 
 
1. The economic benefit of Virginia enplanements was calculated.   
 
2. The economic gain or loss that would result if enplanements increased or decreased 

was quantified.   
 

The contribution of general aviation to economic impacts was also investigated. 
 
 

Revision of Analysis Based on Comments from Multimodal Advisory Committee 
 
 An earlier draft of this work was presented to the VTrans2035 Multimodal Advisory 
Committee on October 14, 2008.  Comments received at that meeting necessitated three distinct 
revisions to this work that were provided on the following dates: November 5 (updates to the 
forecasts of socioeconomic activity, highway travel demand, and transit travel demand); 
November 20 (an aviation forecast was added), and November 25 (Policy Response 2 was 
added).  A revised draft was provided to the committee on December 15.  An additional set of 
comments was received regarding the definition of jobs to household ratio in a conference call 
on January 7, 2009.  As a result, these ratios were retabulated based on the methodology now 
provided in Appendix A. 
 
 

RESULTS 
 

 Socioeconomic Forecasts for Year 2035 
 
Modifications to PDC Compositions 
 

To avoid double counting the five counties that are a member of two PDCs and to include 
one county that is not a member of any PDC, six modifications were made to the PDC 
composition. 
 

1. Gloucester County, which is a member of the Hampton Roads PDC and the Middle 
Peninsula PDC, was included only with the Middle Peninsula PDC. 
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2. Franklin County, which is a member of the Roanoke Valley-Alleghany Regional 
Commission (Roanoke Valley-Alleghany) and West Piedmont PDC, was included 
only with the West Piedmont PDC. 

 
3. Charles City County, which is a member of the Crater PDC and the Richmond 

Regional PDC, was included only with the Richmond Regional PDC. 
 

4. Chesterfield County, which is a member of the Crater PDC and the Richmond 
Regional PDC, was included only with the Richmond Regional PDC. 

 
5. Surry County, which is a member of the Hampton Roads PDC and the Crater PDC, 

was included only with the Crater PDC. 
 

6. Nottoway County, which is not a member of any PDC, was included with the 
Commonwealth PDC. 

 
For all tables throughout this report, PDC boundaries were modified as described.  In 

addition, PDCs do not match the boundaries of metropolitan planning organizations (MPOs) 
perfectly.  For example, a portion of Gloucester is in the Hampton Roads MPO (Ravanbakht, 
2008). 
 
Population Forecasts 
 

Table 1 shows population forecasts to 2035 by PDC.  As discussed in the “Methods” 
section, year 2010 forecasts were from two sources (NPA, 2008; VEC, 2008) and yielded a 
statewide population of between 8.01 and 8.06 million people.  As also discussed, since the VEC 
data were available only for years 2010, 2020, and 2030 and the NPA data were available only 
for each year through 2030, the population forecasts for 2035 were extended from the VEC and 
NPA data and were 10.3 million (based on VEC data) and 10.9 million (based on NPA data).  
The extension of these data introduced additional uncertainty with regard to the 2035 forecasts as 
captured from the 95% prediction confidence interval shown Eq. 2.  Thus, Table 1 also shows 
the low and high VEC 2035 forecasts.  For example, for the Lenowisco PDC, the 95% prediction 
confidence interval for the VEC 2035 population forecast was 86,196 to 97,767.  For the entire 
Commonwealth, the interval was 9.5 to 11.0 million.  The low and high forecasts based on the 
NPA data are not provided because the 95% prediction confidence interval was much smaller 
than for the VEC data. 

 
Because it is impossible to forecast a population for a state or region accurately 25 years 

in advance, the two sources of data provide an empirical range.  Accordingly, for the Lenowisco 
PDC, one interpretation is that the best estimate of the 2035 population is 91,979 to 96,803 
depending on the data source.  Because the two right columns rely on just three data points 
(2010, 2020, and 2030), they may overstate the uncertainty of the population estimate; however, 
they are included as they provide a defensible way of estimating the range.  Table 1 supports the 
following statements: 
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Table 1.  Population Forecasts to 2035 by Planning District Commission 
2010 

Forecasts 
Midpoint 2035 

Forecasts 
Low and High VEC 

2035 Forecasts 
 
 

Modified PDC 
(PDC No.) 

 
VEC 

 
NPA 

VEC 
Extendeda 

NPA 
Extendedb 

 
Lowc 

 
Highc 

Lenowisco (1) 91,506 91,910 91,979 96,803 86,192 97,767 
Cumberland Plateau (2) 114,700 112,940 118,522 116,592 101,851 135,194 
Mount Rogers (3) 189,461 190,050 196,549 204,663 186,506 206,593 
New River Valley (4) 175,336 170,200 196,909 199,490 183,190 210,627 
Roanoke Valley-Alleghany 
Regional Commission (5)d 

267,634 266,590 287,827 287,762 267,041 308,613 

Central Shenandoah (6) 281,272 277,850 341,310 330,428 326,100 356,521 
Northern Shenandoah Valley 
Regional Commission (7)e 

225,501 224,660 324,804 308,542 304,740 344,867 

Northern Virginia Regional 
Commission (8) 

2,192,533 2,250,780 3,022,996 3,484,698 2,639,457 3,406,535 

Rappahannock-Rapidan 
Regional Council (9) 

176,584 175,960 279,603 253,073 255,472 303,734 

Thomas Jefferson (10) 234,606 235,010 322,748 324,780 293,724 351,771 
Virginia’s Region 2000 Local 
Government Council (11) f 

243,276 245,130 280,997 288,340 276,913 285,080 

West Piedmont (12) 248,072 245,930 260,317 258,456 241,667 278,967 
Southside (13) 85,538 85,960 84,464 94,832 75,340 93,589 
Commonwealth (14)g 101,455 101,630 114,833 121,866 108,943 120,722 
Richmond Regional (15) 994,425 1,003,920 1,319,869 1,416,551 1,222,457 1,417,281 
George Washington RC (16) 345,022 355,520 595,668 638,298 561,808 629,529 
Northern Neck (17) 51,721 51,910 58,378 63,265 56,862 59,893 
Middle Peninsula (18) 94,630 96,350 122,282 130,942 117,210 127,355 
Crater (19)h 180,353 170,420 220,226 190,100 199,039 241,412 
Accomack-Northampton (22) 54,235 52,550 61,636 56,093 60,215 63,057 
Hampton Roads (23)i 1,662,480 1,652,080 1,977,027 2,060,607 1,943,292 2,010,761 
State Total 8,010,340 8,057,350 10,278,943 10,926,181 9,508,018 11,049,869 
NPA = NPA Data Services, Inc. (2008); VEC = Virginia Employment Commission (2008). 
a Based on VEC data for years 2010, 2020, and 2030 extended to 2035. 
b Based on NPA data for years 2025, 2026, 2027, 2028, 2029, and 2030 extended to 2035. 
c The low and high forecasts reflect the 95% prediction confidence interval for the VEC 2035 forecast (i.e., VEC 
data for years 2010, 2020, and 2030 extended to 2035).  The low and high forecasts for the NPA data are not shown 
because the 95% prediction confidence interval was much smaller than for the VEC data.  For example, for state 
total, the NPA 95% prediction confidence interval was 10.905 to 10.947 million, which is tighter than the VEC 95% 
confidence interval of 9.508 to 11.050 million shown in the last row. 
d VEC refers to this as the Fifth District PD.  This total does not include Franklin County, as it was included in the 
West Piedmont PDC. 
e VEC refers to this as the Lord Fairfax PD. 
f VEC refers to this as the Central Virginia PD. 
g VEC refers to this as Virginia’s Heartland CRCPD, and it has been called Piedmont PDC.  Nottoway County was 
included in this PDC. 
h This PDC does not include Charles City County or Chesterfield County as both were included in the Richmond 
Regional PDC. 
I This PDC does not include Surry County (as it was included with the Crater PDC) or Gloucester County (as it was 
included with the Middle Peninsula PDC). 
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• VEC population projections suggest a 2035 state population of 10.3 million. 
 

• Because VEC population projections are available only for 2010, 2020, and 2030, 
these data had to be extended using linear regression.  The 95% prediction 
confidence interval for VEC 2035 is 9.5 (low) to 11.0 million (high). 

 
• The 95% prediction confidence interval may imply more uncertainty than would be 

the case if VEC projections were available on an annual rather than decennial basis.  
Thus a 95% empirical confidence interval may instead be used, which is 10.3 
million (from VEC) to 10.9 million (from NPA). 

 
• The VEC and NPA forecasts differ by approximately 647,000 at the statewide 

level—about 6% of the VEC 2035 forecast.   
 

Figure 4 shows forecasts from NPA (2008) and VEC (2008) that were used for 
VTrans2025 (Miller, 2003).  For the last year for which such data were available (2025), the 
VTrans2025 report assumed a population between 8.5 and 9.3 million.  That range deviates from 
this report’s baseline forecast of 9.7 million by between 4% and 12%. 

 
 At the regional level, the difference in population forecasts from the two data sources was 
greater than at the statewide level.  Using 2030 data (the last year for which forecasts from VEC 
and NPA are directly available), the difference in population forecasts is 491,052—about 5% of  

 
 

 
Figure 4.  Population Estimates for Virginia From Different Sources. 

The values for 2035 were extrapolated based on those for previous years.  NPA = forecasts from NPA (2008); VEC 
= forecasts from VEC (2008); Old Census  = census forecasts made in 1995 as reported in Miller (2003); Old NPA 
= forecasts from NPA made in 2003 as reported in Miller (2003). 
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the VEC 2030 population.  If the absolute value of the difference in forecasts for each region is 
summed (e.g., include each regional difference as a positive value), the result is 675,510—about 
7% of the VEC 2030 population. 
  
Employment, Household Size, Household Income, and Population Density Forecasts 
 

Forecasts for employment, household size, and household income for year 2035 are 
shown in Table 2.  Because these are the expected forecasts assuming no unexpected changes in 
assumptions, these are referred to as the baseline forecasts.   Another indicator of socioeconomic 
activity—population density—is shown in the last column of Table 2.  Table 3 shows the change 
in these values between 2010 and 2035. 

 
Thus between 2010 and 2035, the Commonwealth’s population will grow by about one 

third from slightly more than 8 to 10.28 million (VEC, 2008) or 10.93 million (NPA, 2008).  At 
the same time, the number of people per household will generally decrease in a uniform fashion  
 
Table 2.  Employment, Household Size, Household Income, and Population Density Forecasts for Year 2035a 

 
 

Modified PDC 
(PDC Number)b 

 
 

Employment 
(jobs) 

 
Household 

Size (population 
per household) 

 
Household 
Income (in 

2000 dollars) 

Population 
Density 

(people/mi2 of 
land area) 

Lenowisco (1) 49,430 2.36 $83,133 69.9 
Cumberland Plateau (2) 55,067 2.34 $83,658 63.7 
Mount Rogers (3) 127,453 2.27 $90,518 73.7 
New River Valley (4) 116,894 2.47 $90,459 136.9 
Roanoke Valley-Alleghany 
Regional Commission (5) 

231,188 2.34 $118,180 176.0 

Central Shenandoah (6) 222,831 2.52 $102,969 96.3 
Northern Shenandoah Valley 
Regional Commission (7) 

171,866 2.41 $104,685 188.4 

Northern Virginia Regional 
Commission (8) 

3,007,614 2.59 $207,079 2,651.1 

Rappahannock-Rapidan Regional 
Council (9) 

118,637 2.57 $140,957 129.1 

Thomas Jefferson (10) 229,192 2.44 $130,013 151.3 
Virginia’s Region 2000 Local 
Government Council (11) 

180,560 2.42 $109,059 135.7 

West Piedmont (12) 128,640 2.31 $99,894 100.1 
Southside (13) 44,780 2.45 $85,946 47.2 
Commonwealth(14) 51,853 2.62 $86,816 43.4 
Richmond Regional (15) 1,067,653 2.48 $139,603 663.6 
George Washington RC (16) 315,979 2.71 $127,196 457.8 
Northern Neck (17) 26,503 2.30 $112,294 84.8 
Middle Peninsula (18) 57,503 2.43 $112,605 102.1 
Crater (19) 101,577 2.59 $108,208 101.0 
Accomack-Northampton (22) 29,249 2.37 $90,295 84.7 
Hampton Roads (23) 1,419,270 2.63 $136,110 861.3 
State of Virginia Total or Average 7,753,739 2.54 $148,948 276.0 
a Socioeconomic data obtained from NPA Data Services, Inc. (2008) were tabulated to create 2030 totals by PDC.  
Data were extended to year 2035 using 2025-2030 values for each PDC using Eq. 1.  Land area data were obtained 
from Weldon Cooper Center for Public Service (2003). 
b PDC boundaries were modified as indicated in Table 1. 
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Table 3.  Forecast Change in Employment, Household Size, Household Income, and Population Density from 
Year 2010 to Year 2035a 

 
 

Modified PDC 
(PDC Number)b 

 
 

Employment 
(jobs) 

 
Household 

Size (population 
per household) 

 
Household 
Income (in 

2000 dollars) 

Population 
Density 

(people/mi2 of 
land area) 

Lenowisco (1) 8,440 –0.10 $26,911 3.5 
Cumberland Plateau (2) 5,797 –0.10 $27,337 2.0 
Mount Rogers (3) 18,853 –0.10 $31,367 5.3 
New River Valley (4) 22,754 –0.09 $27,895 20.1 
Roanoke Valley-Alleghany 
Regional Commission (5) 

37,158 –0.10 $38,598 12.9 

Central Shenandoah (6) 49,601 –0.10 $31,845 15.3 
Northern Shenandoah Valley 
Regional Commission (7) 

46,356 –0.10 $30,319 51.2 

Northern Virginia Regional 
Commission (8) 

1,283,454 –0.08 $63,708 938.7 

Rappahannock-Rapidan Regional 
Council (9) 

35,437 –0.10 $45,206 39.3 

Thomas Jefferson (10) 73,172 – 0.10 $41,188 41.8 
Virginia’s Region 2000 Local 
Government Council (11) 

38,780 –0.11 $36,748 20.3 

West Piedmont (12) 9,750 –0.09 $37,507 4.9 
Southside (13) 3,420 –0.10 $28,969 4.4 
Commonwealth(14) 8,163 –0.10 $26,939 7.2 
Richmond Regional (15) 367,363 –0.07 $42,190 193.3 
George Washington RC (16) 149,389 –0.11 $35,045 202.8 
Northern Neck (17) 4,333 –0.09 $39,437 15.2 
Middle Peninsula (18) 17,203 –0.09 $35,388 27.0 
Crater (19) 11,627 –0.10 $35,929 10.5 
Accomack-Northampton (22) 3,739 –0.10 $32,746 5.3 
Hampton Roads (23) 352,480 –0.11 $44,790 170.8 
State Change (2010-2035) 2,547,269 –0.08 $49,790 72.5 
a Socioeconomic data obtained from NPA Data Services, Inc. (2008) were tabulated to create 2030 totals by PDC.  
Data were extended to year 2035 using 2025-2030 values for each PDC using Eq. 1.  Land area data were obtained 
from Weldon Cooper Center for Public Service (2003). 
b PDC boundaries were modified as indicated in Table 1. 

 
across the state, from 2.62 in 2010 to 2.54 in 2035.  Although NPA (2008) data show that the 
average PDC population growth rate between 2010 and 2035 is 24%, some PDCs will grow by 
much more than this amount, such as George Washington (80%), Northern Virginia (55%), 
Rappahannock-Rapidan (44%), Richmond Regional (41%), and Thomas Jefferson (38%).  In 
terms of contribution to statewide growth, four PDCs are responsible for 2.34 million of the 2.87 
million additional population in Virginia by 2035 (NPA, 2008): Northern Virginia (1.23 million), 
Hampton Roads and Richmond Regional (0.41 million each), and George Washington (0.28 
million).  These four PDCs run along the eastern portion of the Commonwealth as shown in 
Figure 5, and they comprise between 76% (VEC, 2008) and 81% (NPA, 2008) of the 
Commonwealth’s population growth between 2010 and 2035. 
 
 Between 2010 and 2035, total employment will grow by almost one half, increasing from 
5.21 to 7.75 million jobs.  As with population, much of this growth (84%) will be concentrated in 
four PDCs: Northern Virginia (1.28 million), Richmond Regional (0.37 million), Hampton 
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Figure 5.  Change in Population Growth by PDC. 

Changes were computed by taking the difference between 2010 and 2035 values based on NPA (2008) and VEC 
(2008) data.  The Mount Rogers PDC (3) encompasses two categories, growing by between 7,088 (VEC) and 14,613 
(NPA).  The numbers indicate the number of the particular PDC.  Virginia does not have PDCs numbered 20 or 21. 
 
 
Roads (0.35 million), and George Washington (0.15 million).  Individual PDCs will see 
employment increase on average by about one third, with above-average values for George 
Washington (90%), Northern Virginia (74%), Richmond Regional (52%), Thomas Jefferson 
(47%), and Rappahannock-Rapidan (43%). 
 
 The expected change in household income is more uniform by PDC than the changes in 
population and employment.  Real household income (in 2000 dollars) will increase by about 
one half, from $99,159 to $148,948 in 2035.  The average PDC household income will increase 
by about 48%: the two lowest percentage increases are for George Washington (38%) and the 
Northern Shenandoah Valley Regional Commission (41%), and the two highest percentage 
increases are for West Piedmont (60%) and Accomack-Northampton (57%).  Thus generally 
each PDC is expected to see its real household income grow between 38% and 60%.  This 
relative similarity in household income growth rates differs from the dissimilarity in household 
incomes: the smallest average household income in 2010 ($56,222 in the Lenowisco PDC) was 
less than one half the largest average household income ($143,371 in Northern Virginia).  By 
2035, these incomes are expected to have increased by about one half to $83,133 and $207,079, 
respectively, for the Lenowisco and Northern Virginia PDCs. 
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Employment to Households Ratio Forecasts 
 

The ratio of jobs to households is a performance measure required by the Code of 
Virginia (§ 33.1-23.03).  One reason for this metric is that it allows both localities and the state 
to offer countermeasures that can reduce congestion (California Planning Roundtable, 2008).  
Although this ratio has limitations (there is no ideal value and it does not account for disparities 
between low-income employment and high-cost housing), it can be an approximate diagnostic 
tool to assess the extent to which jobs and housing are in balance.  To compute a jobs/household 
ratio, this report uses wage and salary employment, rather than total employment, and the 
number of households, rather than housing units.  Appendix A details the advantages and 
disadvantages of this definition. 
 

Figure 6 shows the ratio of wage and salary jobs to households for each PDC in 2010 and 
2035.  In 2010, four PDCs—Hampton Roads, Richmond Regional, Roanoke Valley-Alleghany, 
and Northern Virginia— had ratios above the 2010 statewide proportion of total jobs to total 
households.  In 2035, these continue to be the only PDCs with ratios above the 2035 statewide 
proportion.   

 
From 2010 to 2035, wage and salary employment is expected to increase by 45%, 

compared to an increase in households of about 40%.  Thus, the ratio of statewide jobs to 
households will increase from 1.41 (in 2010) to 1.46 (in 2035).  Although 10 of Virginia’s 21 
PDCs see a positive increase in their jobs to household ratios, the ratio for most (18) will not 
increase as fast as the statewide jobs/household ratio.  The three exceptions are the Lenowisco, 

 
 

 
Figure 6.  Wage and Salary Employment/Household Ratios for 2010 and 2035. 

Data were obtained from NPA (2008). 
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Northern Virginia, and Roanoke Valley-Alleghany PDCs, where the individual increases in the 
ratio of jobs to households (0.10, 0.12, and 0.07) exceed the increase in the statewide proportion 
(0.05). 
 

The implication is that the above-average jobs/household ratio in the Northern Virginia 
PDC (1.70, the highest in the state) is expected to increase (to 1.82).  This may explain why an 
adjacent PDC—the George Washington Regional Council, which is the fourth largest contributor 
of employment and population growth between 2010 and 2035, will see its jobs to household 
ratio continue to remain well below the state proportion (growing from 1.07 in 2010 to 1.09 in 
2035).   
 

The ratio for the Roanoke Valley-Alleghany PDC (1.50 in 2010) will also increase 
further to 1.57 in 2035.  Thus in 2035, this PDC’s ratio will exceed the statewide proportion by a 
greater amount than in 2010.  Ratios for Richmond Regional and Hampton Roads will remain 
above the statewide proportion, but this difference will shrink between 2010 and 2035.  A bright 
spot is the Lenowisco PDC, which will see its jobs/household ratio increase from 0.87 to 0.97 
over the same period.  
 
 

Travel Demand Forecasts for Year 2035 
 
Highway Forecasts 
 
 Figure 7 presents trends for statewide population, employment, fuel costs in 2007 dollars, 
DVMT, centerline miles, and transit trips.  As may be seen, the DVMT estimates used in this 
report are consistent with those reported by VDOT (2007) and the Federal Highway 
Administration (FHWA) (2003), although the former tend to be reported on a daily basis and the 
latter are reported on an annual basis.  For example, in the case of 2005 DVMT, reported by 
VDOT (2006) as 220,096,000.  Multiplying this value by 365 yields close to the Virginia value 
of 80,337 million AVMT (FHWA, 2006). 
 

Although a population increase is correlated with a DVMT increase for the period 1969 
through 2007 (p = 0.988), the rate of increase is not consistent.  Figure 8 shows that the ratio of 
population to DVMT increased from a value of about 16 (in 1969) to a value of about 19 (in 
1973) and then appreciated substantially during the period 1984 through 1989, when the ratio 
reached a value of 27.  Since that time, the ratio has increased modestly, reaching a value of 29 
in 2005, as shown in Figure 8. 

 
Figure 8 also shows that the ratio of households to DVMT followed a similar pattern, 

with the largest increases between 1969 and 1973 and between 1984 and 1989.  (Note that the 
ratio of DVMT/household was divided by 2.628—the number of people per household in 2007—
to make this ratio have the same order of magnitude as the ratio of DVMT/person.  Thus, the 
difference between the two ratios is attributed to the change in the number of people per 
household, from a high of 3.4 in 1969 to a low of 2.6 in 2007.)   
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Figure 7.  Statewide Population, Employment, Fuel Cost, DVMT, and Centerline Miles (1969-2007). 

Fuel cost is in 2007 dollars; but for year 1975, the price of unleaded gas was interpolated using the ratio of leaded to 
unleaded fuel costs for years 1976-1980.  DVMT = daily vehicle miles of travel.   Sources: Population and 
employment (NPA Data Services, Inc., 2008); fuel (Bureau of Labor Statistics [BLS], 2008; Energy Information 
Administration, 2008); DVMT (FHWA, 2003; Garrett, 2008; Schinkel, 2008); centerline miles (VDOT, 2009); 
transit trips ( FTA, 2008b; Hill, 2008; McGavock, 2008; Taube, 2007).   
 

 

 
Figure 8.  Ratio of Total Daily Vehicle Miles Traveled (DVMT) to Population and Number of Households. 

DVMT data sources were FHWA (2003) for 1969-1983; Garrett (2008) for 1984-2005; and Schinkel (2008) for 
2006-2007; population and households data were obtained from NPA (2008).  Ratio of DVMT/households was 
divided by 2.628 (the number of people per household in 2007) to place both ratios on the same axis. 



 22

Figure 9 shows that the ratio of statewide DVMT per lane-mile has steadily increased 
since 1980, which was to be expected given that DVMT has grown substantially faster than 
miles of highway construction.  For the period 1980 through 2006, the DVMT per lane-mile 
almost doubled, from 773 to 1,416.  This increase in traffic density was not uniform throughout 
the state.  For example, although the average daily traffic (ADT) for Route 29 between Danville 
and the North Carolina state line increased by an amount comparable to the statewide ratio of 
DVMT per lane-mile the ADT for an urbanized section of I-64 increased by a factor of 4.5 over 
the same period.  

 
 Table 4 shows four DVMT forecasts: DVMT growth at the same annual rate as in the 
period 1982 through 2007 (high DVMT growth); DVMT growth as a function of population 
using estimates based on NPA (2008); DVMT growth as a function of population using estimates 
based on VEC (2008); and DVMT growth based on rates that are expected to be lower than 
previous rates (low DVMT growth) (Liu et al., 2007). 
 

Because DVMT growth is not expected to be even across the Commonwealth, the 
forecasts of statewide DVMT provided in Table 4 were distributed to each PDC area in a manner 
proportionate to the 2035 population as shown in Eq. 6.   

 

4 Table in VMT State
2035 in population State
2035 in population PDCDVMTPDC ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=                           [Eq. 6] 

 
For example, the VEC data suggest the Lenowisco PDC will have a 2035 population of 91,979 
(see Table 1), which is 0.89% of the statewide 2035 population.  Thus, if a statewide DVMT of 
321.2 million (see Table 4) is assumed, the DVMT for the Lenowisco PDC in 2035 is forecast to 
be 0.89% of 321.2 million, or 2.9 million, DVMT, as shown in Table 5.   
 

 
Figure 9.  Statewide DVMT per Lane-Mile and Sampled ADT. 

Lane-mile data were extracted from FHWA (2008); e.g., see FHWA (2002) for 1980-1995 lane-miles and FHWA 
(2007) for 2006 lane-miles.   Statewide DVMT were extracted from FHWA (2003), Garrett (2008), and Schinkel 
(2008).  Population and households data were obtained from NPA (2008).  ADT for Route 29 reflects the ADT 
immediately north of the North Carolina state line as obtained from VDOT (1969-2007).  ADT for I-64 reflects the 
ADT between Route 17 and I-264 as obtained from VDOT (1969-2007).   
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Table 4.  Possible Growth in Daily Vehicle Miles Traveled (DVMT) Between 2010 and 2035  
Scenario Assumption Regarding DVMT Growth Between 2010 and 2035 DVMT 

High DVMT Growth Annual growth rate will be the same as that for 1982-2007 (2.77%) 483.6 million 
DVMT Based on NPA 
(2008) Population 

Growth will depend on population (Eq. 3) with a 2035 population of 
10.926 million 

345.4 million 

DVMT Based on VEC 
(2008) Population 

Growth will depend on population (Eq. 3) with a 2035 population of 
10.279 million 

321.2 million 

Low DVMT Growth Annual growth rates will be 1.74% (through 2010), 1.58% (2011-2020), 
and 1.31% (2021-2035) (Liu et al., 2007) 

336.7 million 

NPA = NPA Data Services, Inc.; VEC = Virginia Employment Commission. 
  

Table 5.  Daily Vehicle Miles Traveled (DVMT) by Planning District Commission (PDC) (in Millions) 
 

Modified PDCa 
(PDC Number) 

 
High DVMT 

Growthb 

DVMT Based 
on NPA 

Populationc 

DVMT Based 
on VEC 

Populationd 

 
Low DVMT 

Growthe 
Lenowisco (1) 4.3 3.1 2.9 3.0 
Cumberland Plateau (2) 5.2 3.7 3.7 3.6 
Mount Rogers (3) 9.1 6.5 6.1 6.3 
New River Valley (4) 8.8 6.3 6.2 6.1 
Roanoke Valley-Alleghany Regional 
Commission (5) 

12.7 9.1 9.0 8.9 

Central Shenandoah (6) 14.6 10.4 10.7 10.2 
Northern Shenandoah Valley Regional 
Commission (7) 

13.7 9.8 10.1 9.5 

Northern Virginia Regional 
Commission (8) 

154.2 110.1 94.4 107.4 

Rappahannock-Rapidan Regional 
Council  (9) 

11.2 8.0 8.7 7.8 

Thomas Jefferson (10) 14.4 10.3 10.1 10.0 
Virginia’s Region 2000 Local 
Government Council (11)  

12.8 9.1 8.8 8.9 

West Piedmont (12) 11.4 8.2 8.1 8.0 
Southside (13) 4.2 3.0 2.6 2.9 
Commonwealth(14) 5.4 3.9 3.6 3.8 
Richmond Regional (15) 62.7 44.8 41.2 43.7 
George Washington RC (16) 28.3 20.2 18.6 19.7 
Northern Neck (17) 2.8 2.0 1.8 1.9 
Middle Peninsula (18) 5.8 4.1 3.8 4.0 
Crater (19)  8.4 6.0 6.9 5.9 
Accomack-Northampton (22) 2.5 1.8 1.9 1.7 
Hampton Roads (23) 91.2 65.1 61.8 63.5 
State Total  483.6 345.4 321.2 336.7 
NPA = NPA Data Services, Inc.; VEC = Virginia Employment Commission.   
aPDC boundaries were modified as indicated in Table 1. 
b Assumes statewide DVMT growth rate of 2.77% per year (same as that for 1982-2007) (see Table 4).   
c Assumes statewide DVMT will depend on 2035 NPA population of 10.926 million as per Eq. 3 (see Table 4). 
d Assumes statewide DVMT will depend on 2035 VEC population of 10.279 million as per Eq. 3 (see Table 4).  Eq. 
6 was applied using forecasts based on VEC (2008) for this particular set of forecasts. 
e Assumes statewide DVMT annual growth rates of 1.74% through 2010, 1.58% for 2011-2020, and 1.31% for 
2021-2035 (see Table 4). 
 

There is additional uncertainty with regard to the values in Table 5 when DVMT is 
attributed to a specific PDC: for some PDCs, it may be the case that the DVMT attributed to that 
PDC should be attributed to an adjacent PDC.  For example, some of the DVMT in the 
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Lenowisco PDC may be driven by the larger population in the Cumberland Plateau PDC.  
Appendix B, however, suggests that this uncertainty is relatively small.  For example, the four 
PDCs of George Washington, Hampton Roads, Northern Virginia, and Richmond Regional had 
59.8% of the statewide measured DVMT and 64.2% of the statewide population.  Yet these areas 
also have a larger transit component than other locations in the state (T. Biesiadny, personal 
communication, October 14, 2008).  When both DVMT and transit travel are considered, these 
four PDCs had 60.2% of the state’s combined DVMT and passenger travel as shown in 
Appendix B, which is closer to their 64.2% share of the state’s population. 
 
Transit Forecasts 
 

Figure 10 shows the growth in statewide unlinked transit trips based on data extracted 
from the National Transit Database (FTA, 2008b, Hill, 2008) and the Northern Virginia 
Transportation Commission (McGavock, 2008; Taube, 2007).  From 1991 through 2007, 
statewide unlinked transit trips increased from 134 to 192 million, yielding an average annual 
percentage increase of 2.27%.  During this time period, fuel costs decreased from 1991 through 
1998 and then steadily increased through 2007, except for a drop between 2000 and 2002.  The 
largest increase in transit trips (statewide, on bus systems other than the Washington  
 

 
Figure 10.  Change in Transit Ridership and Fuel Cost, 1991-2007. 

Year 1999-2007 data were extracted from Hill (2008) and include all Virginia transit systems.  Because DRPT data 
were not available for 1991-1998, these data were extracted from FTA (2008b).  The FTA data include systems in 
Charlottesville, Danville, Fairfax City, Fairfax County, Fredericksburg, Hampton Roads, Harrisonburg, Loudoun 
County, Lynchburg, Petersburg, Richmond, Williamsburg, Woodbridge, and the Washington Area Metropolitan 
Transit Authority (WMATA).  Two adjustments were made to the FTA data in order to report statewide estimates 
for 1991-1998.  First, for 1999-2007, DRPT data showed that WMATA bus and rail service in Virginia accounted 
for 14.05% and 33.63%, respectively, of total WMATA bus service.  As FTA reports only total WMATA bus and 
rail service for 1991-1998, these percentages were used to estimate the portion of WMATA bus and rail service in 
Virginia for that period.  Second, for 1999-2007, the FTA data underreport ridership compared to DRPT data by an 
average of 2.36% (attributable in part to smaller systems [e.g., Town of Chincoteague] not being included); thus 
FTA data were adjusted by this percentage for 1991-1999.  Fuel data were extracted from BLS (2008) and Energy 
Information Administration (2008). 



 25

Metropolitan Area Transit Authority [WMATA] [non-WMATA bus systems] and WMATA rail) 
occurred after 1998 when fuel costs rose.  Fuel costs varied considerably over this period. 
 

There is some uncertainty regarding the data prior to 1997 because the portion of 
WMATA bus service attributable to Northern Virginia, as opposed to Washington, D.C., or 
Maryland, is not directly reported.  Two datasets—those from the Northern Virginia 
Transportation Commission (McGavock, 2008; Taube, 2007) and those from Hill (2008)—were 
used to estimate these portions based on data after 1997 when such trips were reported.  For 
WMATA bus service, the portions are similar for each dataset: data from 1999 through 2006 
(FTA, 2008b; Hill, 2008) suggested that Virginia accounted for 14.05% of WMATA bus trips, 
whereas data from 1997 through 2006 (FTA, 2008b; McGavock, 2008; Taube, 2007) suggested 
that Virginia accounted for 14.34% of WMATA bus trips.  Use of the Northern Virginia 
Transportation Commission portions indicates that there was a total of 134 million trips in 1991, 
meaning the annual increase in transit trips to 2007 was 2.19% (similar to the 2.27% noted 
previously). 
 

Although the 1991 through 2007 data therefore suggest annual increases of 2.19% to 
2.27%, Figure 10 shows that a different average annual growth rate may be obtained if a 
different time period is selected.  For example, the period 1991 through 1997 yields a negative 
annual growth rate (–0.65%) whereas the period 1997 through 2007 shows a high positive annual 
growth rate (4.07%).  Individual systems may see greater or lesser growth: non-WMATA transit 
trips in Northern Virginia grew at an average annual rate of 8.6% from 2001 through 2006 
(Taube, 2007).  Based on these annual growth rates for 1991 through 2007, Figure 11 shows four 
different forecasts of transit growth for 2035 relative to the 192 million trips in 2007.   

 
If the growth for 1997 through 2007 were sustained until 2035, transit trips could be as 

high as 587 million; if transit growth dropped comparable to 1991 through 1997, growth could 
be as low as 160 million trips.  Without any change in revenue policies, the likelihood of either 

 

 
Figure 11.  Four Different Forecasts of Transit Growth for 2035. 
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scenario occurring over a 25-year period appears less than that suggested by the more moderate 
alternative of assuming that transit growth will be comparable to that from 1991 through 2007, a 
period that saw both an increase and a decrease.  A middle 2035 forecast of 352 to 360 million is 
shown in Table 6.  However, as discussed in the “Discussion” section (i.e., “Limitations of the 
Analysis”), a change in costs for other modes of travel, such as tolls for highway facilities, 
should affect this transit forecast. 
 

Table 6.  Possible Growth in Annual Unlinked Transit Trips Between 2010 and 2035 
Scenario Assumption Regarding Transit Growth Between 2010 and 2035 Trips 

High Transit Growth Statewide transit trips will grow at an annual increase of 4.07% (the 
rate of increase for 1997-2007). 

586.6 million 

Moderate Transit Growth Statewide transit trips will grow at an annual increase of 2.27% (the 
rate of increase for 1991-2007 assuming that Virginia accounted for 
14.05% of the WMATA bus trips in 1991). 

360.3 million 

Moderate Transit Growth Statewide transit trips will grow at an annual increase of 2.19% (the 
rate of increase for 1991-2007 assuming that Virginia accounted for 
14.34% of WMATA bus trips in 1991). 

352.1 million 

Negative Transit Growth Statewide transit trips will decrease by 0.65% per year (the rate of 
decrease for 1991-1997). 

159.9 million 

WMATA = Washington Metropolitan Area Transit Authority. 
 
Aviation Forecasts 
 
Historical Trends in Enplanements 
 
 Virginia has 67 airports: 9 provide commercial service (defined as either providing 
regularly scheduled service or having at least 10,000 enplanements per year), 7 serve to reduce 
congestion at the 9 commercial service airports, and 50 provide either general aviation or local  
 

 
Figure 12.  Virginia Enplanements, 2000-2007.  

Data were extracted from FAA (2008b). 
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service (DOAV, 2006a).  Figure 12 shows that the four largest airports (Dulles International 
Airport [Dulles], Ronald Reagan Washington National Airport [Reagan National], Norfolk 
International Airport, and Richmond International Airport) accounted for about 96% of 
Virginia’s total enplanements from 2000 through 2007 (25.6 million passengers in 2007).  As 
discussed previously, an enplanement is a boarding passenger; for example, in 2007, Richmond 
International showed 1.82 million enplaned passengers and 1.81 million deplaned passengers 
(Capital Region Airport Commission, 2008).  Virginia has a large number of smaller airports, 
such as the Louisa County Airport / Freeman Field, which had 22 enplanements in 2007 (FAA, 
2008b). 

 
From 2000 through 2007, annual enplanements statewide grew at an average rate of 

2.97%, which was comparable to the rate of growth at Virginia’s three largest airports (2.91% at 
Dulles, 2.67% at Reagan National, and 3.00% at Norfolk International) and below the rate of 
growth at Richmond International (almost 4.46%).  At Virginia’s smaller airports, annual rates of 
growth varied substantially over this period: for example, for Newport News–Williamsburg 
International Airport growth increased at an average annual rate of 12.32%, whereas for 
Shenandoah Valley Regional Airport, growth decreased at an annual rate of –18.82%.  Table 7 
shows enplanements by year and selected airport for years 2000 through 2007. 

 
Forecast of Baseline Growth in Enplanements 
 

Application of Eq. 4 or Eq. 5 for each row in Table 7 suggests that Virginia enplanements 
will grow from 25.61 million (in 2007) to 56.66 million (in 2035)—an increase of 121%.  This 
increase is comparable to, but moderately lower than, a previous forecast for the period 2000 to 
2020, discussed here, that might have suggested a 159% increase in enplanements between 2007 
and 2035.    
 

The 159% increase was derived from a forecast by SH&E et al. (2003).  They estimated 
21.58 million commercial enplanements and 1.59 million general aviation operations in 2000 
compared with projections of 43.88 million commercial enplanements and 2.37 million general 
aviation operations in 2020 (SH&E et al., 2003).  If one assumes that each general aviation 
operation reflects 1.75 general aviation enplanements, the total projected enplanements from 
2000 to 2020 increase from 24.37 to 48.04 million, which is an average annual percent increase 
of 3.45%.  If this 3.45% increase were applied to the period 2007 to 2035, Virginia enplanements 
would increase 159% in 2035 relative to 2007.  (Changing the assumed relationship of general 
aviation operations to enplanements from 1.75 affects this forecast: if, for example, one assumes 
3.0 general aviation enplanements per operation, the forecast changes from 159% to 152%.)  

 
 

External Influences Affecting Travel Demand Forecasts 
 

Travel demand is affected by a wide variety of factors, such as economic growth, 
commercial and residential development patterns, the cost of travel, and external funding.  The 
influence of selected factors on each mode—highway DVMT, transit trips, and aviation 
enplanements—were considered separately. 
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Table 7.  Annual Enplanements at Virginia Airports, 2000-2007a 
 

Airport 
 

2000 
 

2001 
 

2002 
 

2004 
 

2005 
 

2006 
 

2007 
Average Annual 

% Growth 
Dulles International 
(IAD) 

9,643,275 8,484,112 7,848,911 10,961,614 13,032,502 11,045,217 11,789,441 2.91% 

Ronald Reagan 
Washington National 
(DCA) 

7,517,811 6,267,395 6,172,065 7,661,532 8,623,907 8,973,410 9,038,174 2.67% 

Norfolk International 
(ORF) 

1,518,552 1,478,687 1,731,105 1,895,472 1,953,003 1,862,325 1,867,307 3.00% 

Richmond 
International (RIC) 

1,330,487 1,187,681 1,168,023 1,251,406 1,452,066 1,644,419 1,805,992 4.46% 

Newport News–
Williamsburg 
International (PHF) 

227,635 206,750 293,181 451,113 514,361 513,367 513,381 12.32% 

Roanoke Regional 
(ROA) 

364,202 304,265 298,606 306,896 326,202 326,214 348,634 –0.62% 

Charlottesville 
Albemarle (CHO) 

165,938 155,863 173,543 185,531 198,133 185,891 187,078 1.73% 

Lynchburg Regional 
(LYH) 

82,459 65,120 52,699 61,441 65,895 60,737 55,785 –5.43% 

Shenandoah Valley 
Regional (SHD) 

21,113 19,092 6,633 7,709 5,307 5,375 4,907 –18.82% 

Other General 
Aviation Airportsb 

1,697 247 1,512 984 569 1,663 1,251 –4.26% 

Total 20,873,169 18,169,212 17,746,278 22,783,698 26,171,945 24,618,618 25,611,950 2.97% 
a Data were extracted from FAA (2008b).  Year 2003 data are not shown because of space limitations; in 2003 there was a total of 18,652,921 enplanements 
(FAA, 2008b).   
b Represents all other Virginia airports as reported by the FAA (2008b).  Such airports consistently had a smaller number of enplanements than those shown 
elsewhere in the table.  The exact airports with reported enplanements in this category vary by year.  For example, Blue Ridge Airport (MTV), which had 3 
enplanements in 2007, is shown in 2000 and 2002-2007 data but not in 2001 data. 
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External Influences Affecting Highway Forecasts 
 

The impact of changes in fuel costs, income, and density was calculated for each of the 
four DVMT scenarios shown in Table 4 (High DVMT Growth, DVMT Based on NPA [2008] 
Population, DVMT Based on VEC [2008] Population, and Low DVMT Growth) as follows: 
 

• Change in fuel costs.  The impact of fuel costs on DVMT was evaluated by using Eq. 
7 with a low fuel cost of $1/gallon and a high fuel cost of $10/gallon.  The base price 
of fuel was $2.80/gallon (the fuel cost in 2007).  Elasticities of –0.19 and – 0.32 were 
used in Eq. 7. 

 

 ⎥⎦
⎤

⎢⎣
⎡ +

−
= 1

Cost  Fuel Base
Cost Fuel BaseCost Fuel Newelasticity DVMT BaseMTVD New   [Eq. 7] 

 
• Change in income growth.  A comparable method (see Eq. 8) was used for income 

growth.  The base figure was a projected growth in household income of 50.21% 
between 2010 and 2035 (see Table 3).  The low income growth figure was chosen as 
0.0021% growth in income and the high income growth as an increase of 100.21%.  
Elasticities of 0.10 and 0.65 were considered. 

 
 ⎥⎦
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 RateGrowth   Income Base
RateGrowth   Income BaseRateGrowth   Income Newelasticity DVMT BaseMTVD New  

                                                                                                                                    [Eq. 8] 
 
• Increased density.  The impact of increasing density was considered by placing all 

new inhabitants between 2010 and 2035 in what is currently the most densely 
populated PDC; the base figure was the 2035 projections as shown in Table 1.  
Elasticities between –0.05 and –0.29 were considered.  Because the increased density 
would affect only a portion of the population, Eq. 7 was modified as shown in Eq. 9. 
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[Eq. 9] 

 
 Table 8 shows the results of varying fuel cost, income, and density for each DVMT 
scenario. For example, consider the low DVMT estimate of 336.7 million.  The next row shows 
that a drop in fuel costs to $1/gal would increase this DVMT to 377.8 million or 406.0 million, 
depending on which elasticity is assumed in Eq. 7.  Still assuming low DVMT growth, the 
largest difference between any two rows is 495 million DVMT as shown at the bottom of Table 
8.  This 495 is the difference between the largest value in the low DVMT growth column (554.7 
for high income growth presuming a high positive elasticity as per Eq. 8) and the smallest value 
in the same column (59.6 for a high fuel cost presuming a more negative elasticity as per Eq. 7).   
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Table 8.  Summary Sources of Variation and Uncertainty on Statewide 2035 Daily Vehicle Miles Traveled 
(DVMT) 

 
 
 

Factor 

 
 
 

Elasticity 

 
High 

DVMT 
Growtha 

DVMT Based 
on 

NPA 
Populationb 

DVMT 
Based on 

VEC 
Populationc 

 
 

Low DVMT 
Growthd 

 
Range 

(Highest 
– Lowest) 

Base Case (i.e., values 
noted in Table 4) 

N/A 483.6 345.4 321.2 336.7 162 

Low (–0.19) 542.6 387.5 360.4 377.8 182 Low Fuel Cost e  
High (–0.32) 583.1 416.4 387.2 406.0 196 
Low (–0.19) 247.3 176.6 164.2 172.2 83 High Fuel Cost e  
High (–0.32) 85.7 61.2 56.9 59.6 29 
Low (0.10) 435.4 311.0 289.2 303.2 146 Low Income Growth f 
High (0.65) 170.6 121.8 113.3 118.8 57 
Low (0.10) 531.7 379.8 353.1 370.3 179 High Income Growth f 
High (0.65) 796.6 568.9 529.0 554.7 268 
Low (–0.05) 478.3 341.6 317.6 333.0 161 Increased Density g 
High (–0.29) 452.7 323.3 300.7 315.3 152 

Range (Highest – Lowest) 711 508 472 495  
a Assumes statewide DVMT growth rate of 2.77% per year (same as for 1982-2007).   
b Assumes statewide DVMT will depend on 2035 NPA population of 10.926 million as per Eq. 3. 
c Presumes statewide DVMT will depend on 2035 VEC population of 10.279 million as per Eq. 3. 
d Presumes statewide annual growth rates of 1.74% through 2010, 1.58% for 2011-2020, and 1.31% for 2021-2035. 
e Low and high fuel costs are $1/gal and $10/gal unleaded in 2007 dollars.  Base case is $2.80/gal (Eq. 7). 
f  Low and high income growths are increases of 0.0021% and 100.21% in household income in real dollars between 
2010 and 2035.  Base case is an increase of 50.21% between 2010 and 2035 (Eq. 8). 
g Upper bound of increased density was considered as follows: 2.87 million new inhabitants will come to Virginia 
between 2010 and 2035.  All 2.87 million were placed in the most densely populated portion of the Commonwealth 
(Northern Virginia), which increases the density of that PDC from 2,651 to 3,895 people/mi2.  Given that Northern 
Virginia’s 2035 population under this scenario thus represents 46.86% of the 2035 population, Eq. 9 was used to 
reduce 46.86% of the base case DVMT shown in the first row of Table 8.  These calculations yield 478.3 million 
DVMT: 

 3.4781
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It is evident that the four ranges shown in the last row of Table 8 (e.g., 711, 508, 472, and 

495 million DVMT) are generally much larger than the ranges shown in the last column (e.g., 
162, 182, 196, and so on).  The practical implication is that the variation by assumption about the 
DVMT growth rate is not as large as the variation in DVMT resulting from changes in fuel cost, 
household income, and elasticity. 
 

Figure 13 depicts this variation.  The length of each vertical bar is proportionate to the 
impact of elasticity.  For example, under the scenario of high DVMT growth and the factor of 
high fuel cost (see the lower left corner of Figure 13), assumptions regarding elasticity cause a 
sizeable amount of variation from roughly 86 to 247 million DVMT.  A similarly large range of 
532 to 797 million DVMT is evident for the same high DVMT growth scenario but presuming 
high income growth (see the upper left corner of Figure 13).  Despite this high range in elasticity, 
the disparate impacts of high income growth and high fuel costs are evident. 
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Figure 13.  Variation in Daily Vehicle Miles Traveled (DVMT) As Function of Annual Growth Rate, Fuel 

Cost, Household Income, Density, and Related Elasticities. 
 
 
External Influences Affecting Transit Forecasts 
 

Table 5 suggested a best estimate transit forecast of 360 million trips in 2035 but also 
showed that a range of trips, between 160 million and 587 million, was possible based on 
extrapolation of previous growth rates.  Transit trips are affected by other factors, two of which 
are noted here: external funding and fuel costs. 
 

Figure 14 shows that the total state, federal, and local transit funds for Virginia’s transit 
systems have grown since 1991, although it was not the case that they increased every year.  For 
example, the sum of local, state, and federal funds for non-WMATA transit systems decreased 
from 1993 to 1994 and again from 2002 to 2003.  Such funds were relatively flat from 1999 to 
2000 but then jumped considerably in 2001.  Thus although an average increase is noted, there 
was uncertainty in funding from year to year. 
 

As was the case with ridership, the largest portion of funds was attributed to the 
WMATA system.  The literature provides only a total cost figure for WMATA; thus an 
estimated 26.7% of these funds were attributed to the Virginia portion based on previous work 
(FTA, 2008b; Hill, 2008; Taube, 2007).  The WMATA system shows that the proportion of 
federal funds decreased from 1991 to 2006, although total funds increased slightly.  Figure 15 
also emphasizes the variability in funding from year to year.  
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Figure 14.  Total Federal, State, and Local Capital and Operating Funds for Virginia Transit Systems. 

Does not include WMATA.  Cost data were extracted from FTA (2008a) and converted to 2007 dollars (BLS, 
2008).   

 

 
Figure 15.  Total Federal, State, and Local Capital and Operating Funds for WMATA. 

Cost data were extracted from FTA (2008a) and converted to 2007 dollars (BLS, 2008).  This figure assumes that 
26.7% of WMATA’s funds originate in Virginia based on Hill (2008). 
 

To some extent, reduced DVMT may be offset by increased transit use.  For example, the 
literature (Litman, 2007) suggests that the cross-elasticity of transit with respect to fuel costs 
may vary as a function of the quality of the transit service and trip purpose, with an average 
long-run elasticity of 0.12 being suggested (meaning that a 1% increase in fuel costs may 
increase transit ridership by 0.12%).  Given a fuel cost of $2.80 in 2007 (also in 2007 dollars) 
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and moderate transit growth, Figure 16 shows that a drop in fuel costs to $1/gal would decrease 
transit use to 332 million unlinked passenger trips whereas an increase in fuel costs to $10/gal 
would increase transit use to 471 million such trips. 
 

 
Figure 16.  2035 Passenger Transit Trips. 

Base Case uses annual growth rates of –0.65%, 2.27%, and 4.07% for negative, moderate, and high transit growth 
for 2007 through 2035.  Changes in fuel cost are relative to $2.80/gal (for year 2007, the last year for which transit 
data were available) (Hill, 2008) and a cross-elasticity of 0.12 (Litman, 2007). 
 
 
External Influences Affecting Aviation Forecasts 
 

A variety of factors may cause the number of enplanements to deviate from the number 
forecast.  Such factors include the price of fuel, the threat of terrorism, an increase or decrease in 
system capacity, or a change in economic conditions.  The 2035 estimate of 56.66 million 
enplanements is merely a best estimate based on the literature and does not address the 
uncertainty attributable to these factors. 
 

A low Virginia enplanement forecast based on a reduction in GDP yields a low 2035 
forecast of 26.82 million enplanements.  This value represents only a 5% increase over the 2007 
value, as shown in Figure 17.   
 

A high Virginia enplanement forecast for 2035, developed by assuming that large 
domestic enplanements would grow at an annual rate of 2.97% (which was the annual growth 
rate in Virginia for the period 2000 through 2007 and is higher than FAA’s baseline forecast of 
2.5%), coupled with FAA’s annual growth rates for regional and international enplanements 
(2.91%), suggests a total of 62.2 million enplanements in 2035.  This estimate represents a 143% 
increase over the 2007 value, as shown in Figure 17. 
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Figure 17.  Forecasts of Growth in Enplanements for 2035. 

2035 Low.  Example: In 2007, Virginia had an estimated 3.764 million regional enplanements, which, assuming an 
FAA annual growth rate of 3.8%, suggests a baseline of 4.210 million regional enplanements in 2010.  FAA (2008a) 
suggested that a low scenario might result in 2010 enplanements being 7.7% lower in 2010 than forecast, meaning 
Virginia’s 2010 forecast would be (100% –- 7.7%)(4.210 M) = 3.886 million regional enplanements, which is an 
average annual growth rate (2007 to 2010) for regional enplanements of 1.06% (rather than the baseline forecast of 
3.8%).  Extending this 1.06% growth rate to 2035 suggests 5.1 million regional enplanements.  Repeating similar 
calculations for large carrier domestic enplanements and international enplanements yields a total of 26.82 million 
enplanements in 2035. 
2035 Base.   Example: BTS data (2002) suggest Dulles had the following enplanement distribution in 2000: 11.77% 
(foreign air carriers); 69.08% (large certified air carriers); and 19.16% (commuter and small certificated air carriers 
plus air taxi commuter operators).  Although recognizing there is not a perfect link between these three categories 
and those used by FAA (2008a), it was assumed that 11.77% of Dulles enplanements will grow at the average 
annual rates FAA projected for international enplanements (4.6%); that 69.08% of Dulles enplanements will grow at 
the rates projected for domestic enplanements by mainline carriers (2.5%); and that 19.16% of Dulles enplanements 
will grow at the rate projected for regional carriers (3.8%).  Recall that Dulles had 11.8 million passengers in 2007.  
Thus, for 2035, Dulles 2035 baseline enplanements are forecast to be 
( ) ( )( )( ) ( )( )( ) ( )( )( ){ }200720352007203520072035 038.10.1916025.10.6908046.10.1177M 8.11 −−− ++   = 27.6 M. 
Performing the same calculation for all airports in Table 7 yields a total of 56.66 M enplanements for year 2035.  
2035 High.   For 2000 to 2007, Virginia large domestic, regional domestic, and international enplanements grew at 
an average annual rate of 2.97%, 2.95%, and 2.91%, respectively.  A “high” forecast was developed by choosing the 
larger of these rates and the projected annual growth rates from FAA (2008a), which were 2.5%, 3.8%, and 4.6%.  
The high forecast thus assumed that large domestic carrier enplanements will grow at 2.97% per year and that 
regional and international enplanements will grow at 3.8% and 4.6%, respectively. 
 
 

Impacts of Four Potential Policy Responses to Challenges Raised by Forecasts 
 
Impacts of Policy Response 1: Encourage Increased Density at Select Urban Locations to 
Reduce CO2 Emissions 
 

Table 8 suggested that increasing density could reduce DVMT by between 1.1% and 
6.4% relative to the base case. (For example, the DVMT based on VEC population was 321.2 
million DVMT, but increasing density could reduce this DVMT to 317.6 or 300.7 million 
DVMT, depending on the elasticity that was assumed.)   To examine the impacts of increasing 
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density at a finer level of detail and to consider an approach that gives latitude to Virginia 
regions, an alternative method of determining the impact of density was considered. 
 

In this alternative method, no population was shifted among PDCs.  Rather, for the four 
PDCs that will generate 81% of the population increase between 2010 and 2025, the AVMT was 
estimated for two scenarios.  The first scenario was simply the base case where the 2035 
densities were used with no modification.  Under the second scenario, the two jurisdictions with 
the highest density were selected in each PDC and then the population growth for the entire PDC 
was divided evenly among those two jurisdictions, except in Northern Virginia as described in 
Appendix C.  For each scenario, the AVMT was computed based on the literature (see Figure 18) 
and the percentage reductions between the increased density scenario and the baseline scenario 
were estimated. 

 
Note that the AVMT values computed from this method are general values from the 

literature and may not directly correspond to the Virginia-specific DVMT estimates generated by 
Eq. 3.  Thus the percentage reductions in AVMT between the baseline and the increased density 
scenario were applied to the baseline DVMTs (that is, the DVMTs computed via Eq. 3 for each 
PDC and that were shown in Table 4).  Then, the difference in DVMT was multiplied by a 
composite emissions factor to estimate the amount of CO2 eliminated by the reduced DVMT. 
 
 For example, the George Washington PDC may be considered.  Table 9 shows that a total 
savings of 384.4 million AVMT would result if the population increase between 2010 and 2035 
was diverted to the higher density portions of that PDC, such as the City of Fredericksburg, as 
opposed to the lower density portions, such as King George County.  The reason for these 
reductions is that although the overall population of the PDC remains constant, more of the 
population falls to the right of Figure 18 where AVMT per person is lower.  The reduction of 
384.4 million AVMT shown in the bottom right cell of Table 9 is about 6.11% of the AVMT that  
 
 

 
Figure 18.  Annual Vehicle Miles Traveled (AVMT) As Function of Density. 

Drawn from data provided by Ross and Dunning (1997). 
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Table 9. Example of How Modifying Density May Affect Annual Vehicle Miles Traveled (AVMT) 
Reductions in George Washington Regional Council 

2035 Base Case 2035 Increased Density Case  
 
 

Jurisdiction 

 
 

Population 

Density 
(people/

mi2) 

 
AVMT/ 
Person 

 
 

Population 

Density 
(people/

mi2) 

 
AVMT/ 
Person 

 
Difference 
in AVMT 
(millions) 

Caroline County 36,967 69 10,560a 28,030 53 10,560a 94.4b 
King George County 35,861 199 10,560a 23,830 132 10,560a 127.0 
Spotsylvania County and 
Fredericksburg City 

299,150 727 9,762a 304,479 740 9,762a –52.0 

Stafford County 266,320 985 9,762a 281,959 1,043 8,458a 215.0 
Total 638,298 458 9,853c 638,298c 458 9,251c 384.4 

aAVMT were obtained from Ross and Dunning (1997) [see Table 8 within that source] as follows: 10,560 (density < 
250 people/mi2); 9,762 (250 < density < 999); 8,458 (1,000 < density < 3,999); 7,827 (4,000 < density < 9,999); 
4,880 (density > 10,000). 
b Example: Under the base scenario, there are 36,967 persons living in Caroline County in 2035.  With an area of 
532.52 mi2, Caroline has  a population density of 69 people/mi2.  With a density below 250 people/mi2, each person 
generates an AVMT of 10,560 for a total 2035 AVMT of (10,560)(36,967) = 390.4 million AVMT.  Under the 
increased density scenario, Caroline County would have only 28,030 persons who would generate 296.0 million 
AVMT, for a savings of 390.4 – 296.0 = 94.4 million AVMT. 
c  Computed by dividing the total AVMT by the total population.  For example, under the 2035 base case, AVMTs 
by jurisdiction are 390.4 million (Caroline); 378.7 million (King George); 2,920.3 million (Spotsylvania and 
Fredericksburg); and 2,599.8 million (Stafford) for a total of 6,289.2 million for the PDC.  Division of this total 
AVMT by the population of 638,298 yields a base case AVMT of 9,853 AVMT/person. 
 
would be generated under the base case.  Similar calculations, detailed in Appendix C, indicated 
AVMT reductions of 0.56% (Richmond Regional), 0.19% (Hampton Roads), and 6.82% 
(Northern Virginia).  
 
 The AVMT reductions in Table 9 and Table C1 in Appendix C are simply indications, 
based on the literature, of how increasing density can reduce AVMT.  They are not, however, 
calibrated to Virginia; that is, they are not actual DVMT as calculated from Eq. 3.  Thus, the 
percentage AVMT reductions from Tables 9 and B1 were applied to the DVMT estimates for 
each PDC shown previously in Table 5.  For the sake of consistency, the numbers from just one 
column—the DVMT of 345.4 million—were used. 
 

Table 10 shows the results of these calculations.  Increasing the density in select 
jurisdictions within each PDC reduces DVMT by about 9.1 million, which is about 2.6% of the 
statewide total of 345.4 million DVMT.  Table 10 suggests that this 9.1 million DVMT reduction 
translates into an annual savings of 1.507 million metric tons of CO2. 

 
A reasonable question is how the changes in density shown, shown in Table C1, affect 

the urban form of these areas.  One way to answer this question is to compare the 2035 densities 
with the today’s densities.  Figure 19 shows that the 2007 densities of select Virginia 
jurisdictions ranged from a low of 6 people/mi2 (Highland) to a high of 9,007 people/mi2 
(Alexandria).  Density is defined as number of people living in an area per square mile; hence, 
these are residential rather than commercial densities.  On a jurisdiction basis, the average 
density was 822 people/mi2, similar to the Galax density of 825.  On a population basis, one half 
of the population lives in an area with a density less than or equal to 1,054 people/mi2 (Danville) 
and one half of the population lives an area with a density greater than or equal to 
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Table 10.  Reduction in Carbon Dioxide Emissions 
 
 
 

PDC 

 
 

Baseline DVMT 
(millions)a 

 
 

% Reduction in 
AVMTb 

 
DVMT 

Reduction 
(millions) 

Annual CO2 
Emissions 

Reduction (millions 
of metric tons)c 

Northern Virginia 
Regional Commission 

110.1   6.82% 7.5 1.242d 

Richmond Regional   44.8   0.56% 0.2 0.041 
George Washington RC   20.2   6.11% 1.2 0.204 
Hampton Roads   65.1   0.19% 0.1 0.020 
Other PDCs 105.1   --e   
Statewide total 345.4   --e 9.1 1.507f 
a Portion of DVMT attributable to this PDC (see Table 4). 
b Percentage reductions calculated from changing density in various jurisdictions (see Tables 9 and B1). 
c Assumes that each DVMT generates 452.92 g in CO2 emissions based on Table 18 in Appendix A of Feigon et al. 
(2003).  The exact emissions for each vehicle will vary as a function of vehicle type, speed, and fuel.  For example, 
modeling for one region of Virginia suggests an emissions factor of 473.44 g/VMT for all vehicles, with specific 
vehicle types having lower (e.g., 177.4 g/VMT for motorcycles) or higher (e.g., 1,412.9 g/VMT for heavy duty 
diesel vehicles) values (Ponticello, 2008).   
d For example, Table 5 showed that based on the NPA population forecast for 2035 and Eq. 3, there would be 345.4 
million DVMT, 110.1 million of which would be attributable to the Northern Virginia PDC.  Table C1 showed that 
if increased density was sought in select Northern Virginia jurisdictions, a 6.82% reduction in AVMT might be 
achieved.  Reducing Northern Virginia’s 110.1 million DVMT by 6.82% yields a savings of 7.51 million DVMT.  
Multiplying these 7.51 million DVMT by 365 days/year and 452.92 g/VMT of CO2 emissions yields about 1.24 
million metric tons of CO2 for Northern Virginia.   
e Reductions in AVMT for the other PDCs were not tabulated as no change in density therein was assumed. 
f Repeating this methodology but replacing the population from NPA (2008) with that of  VEC (2008); replacing the 
345.4 million DVMT baseline with the 321.2 million DVMT baseline; and replacing the emissions factor of 452.92 
g/VMT with that of 473.44 g/VMT yields an emissions reduction of 1.563, rather than 1.507, million metric tons. 

 
 

 
Figure 19.  Residential Density of Select Virginia Jurisdictions in 2007. 

Data were obtained from Weldon Cooper Center for Public Service (2003, 2008). 
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1,101 people/mi2 (Prince William).  One fourth of the state’s population lived in an area with a 
population density no greater than that of Albemarle County (130 people/mi2) and almost one 
third of the state’s population lived in an area with a population density of at least 2,563 
people/mi2 (Fairfax County). 
 
 Thus, without exercising the policy response of increased density, the density of Henrico 
County / City of Richmond will be approximately 1,866 people/mi2 in 2035 (slightly higher than 
the density of Virginia Beach at present).  Exercising the policy response of increased density 
would increase the density to 2,306 people/mi2, which is comparable to that of Colonial Heights 
at present (2,335 people/mi2).  The most dramatic increase would be that of Arlington plus 
Alexandria, which under the base case would increase to 9,773 people/mi2.  Under the increased 
density option, the density would increase to 13,171 people/mi2, which is a higher density than 
any Virginia city at present. 
 
Impacts of Policy Response 2: Use Cost-effectiveness As a Criterion to Select Project-Level 
Alternatives for Achieving a Particular Goal 
 
Overview of Results of Case Study 
 

As discussed in the “Methods” section, to determine the impact of selecting an alternative 
based solely on cost-effectiveness, a case study of the goal of reduced ground level ozone for 
2035 was selected.  Table 11 shows the impacts and compares the cost-effectiveness of the seven 
alternatives, previously discussed, for reducing NOx emissions, a precursor of ground level 
ozone, generated by a 4-mile congested arterial facility.  Appendix D documents the assumptions 
required to develop these cost-effectiveness estimates, which will vary based on site conditions. 

 
The third column of Table 11 shows the extent to which VMT is reduced (for 

Alternatives 1-4) or speeds are increased (Alternatives 5-7).  Based on Figures 2 and 3, the fourth 
column shows the reduction in NOx emissions that results from each alternative.  The fifth 
column shows the annual agency cost for each alternative.  The last column shows the cost per 
kilogram of NOx eliminated.   

 
Interpretation of Results 
 
 The findings shown in Table 11 illustrate the criticality of using site-specific knowledge 
to achieve an emissions reduction at the lowest possible cost.  For example, for this particular 
scenario, NOx emissions are lower at 30 mph than at 40 mph, meaning that Alternative 7 (access 
management), which increases speeds only to 30 mph, has a better emissions impact on heavy 
vehicles than the HOV/HOT lanes alternative (Alternative 5), which increases speeds to 40 mph.  
The findings do not suggest that access management is universally preferable to HOV/HOT 
lanes.  Rather, they suggest that knowledge of site-specific information could achieve an 
emissions reduction at a cost of $1,221/kg as opposed to $1,440/kg when comparing these two 
alternatives. 
 
 The results also show the utility of a specific goal for which public dollars are dispensed.  
Air quality may be considered as an example.  If it had been the case that the region’s ground  
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Table 11.  Impact of Alternatives on DVMT/Speed Increase, NOx Emissions, and Annual Agency Cost 
for Four-Mile Congested Arterial Facility 

 
 
 

No. 

 
 
 

Alternative 

Reduction in 
DVMT or 
Increase in 

Speed (mph) 

 
Reduction in 

NOx Emissions 
(kg) 

 
Annual Agency 

Cost (2007 
dollars) 

 
Average 

Cost/Kg NOx 
Reduced 

1 Encourage transit-oriented 
development (TOD) 

0.300 M 
to 2.400 Ma 

89.70 
to 717.60b 

$367,909c $2,307 

2 Increase bus hours of service 0.099 M 
to 0.342 Md 

29.60 
to 102.26b 

$84,980 
to $293,567e 

$2,871 

3 Reduce transit fares 0.0255 M 
to 0.060 Mf 

7.62 
to 17.94b 

$28,264 
to $66,503g 

$3,707 

4 Subsidize parking for 3+ 
carpoolers 

0.230 M 
to 1.133 Mh 

68.77 
to 338.87b 

$287,500 
to $1,416,667i  

$4,181 

5 Construct HOV/HOT lane 
(allow trucks) 

5 to 20 mph j 240.40 
to 363.20k 

$358,277 
to $474,925l 

$1,440 
 

6 Add HOT/HOV lane (no trucks) 5 to 20 mph j 110.0 
To 190.00m 

$465,760 
to $617,403l 

$3,887 
 

7 Improve access management 
(construct frontage roads) 

5 to 10 mphn 721.20 
to 1,136.40o 

$926,388 
to $1,228,003p 

$1,221 
 

a TOD may increase the transit commuter mode share by 2% and 16% (Evans et al., 2007).  Applying these 
percentages to 3,000 solo peak hour drivers and assuming five such peak hours per day suggest 300 to 2,400 new 
transit trips.  At 4 miles per trip, this eliminates 1,200 to 9,600 DVMT or 0.3M to 2.4M AVMT. 
b Figure 2 shows that the emissions factor for NOx is 0.299 g/VMT at 20 mph.  The reduced DVMT is multiplied by 
this amount and divided by 1,000 to yield a reduction in kilograms.  For example, (0.3 M eliminated DVMT)(0.299 
g/VMT)/1,000 = 89.70 kg. 
c Cottrell (2007) reported that creation of a TOD in California necessitated two pedestrian bridges and bicycle path 
lighting improvements, at a capital cost of $5 million.  A comparable level of investment in Virginia, amortized over 
a 20-year period with a 4% interest rate, suggests an annual cost of $367,909 per year. 
d Evans (2004) indicated elasticities with respect to bus hours of service ranged from 0.33 to 1.14.  Assuming each 
bus requires 1 hour, a doubling of bus hours should increase daily ridership by between 99 and 342 new riders, 
suggesting an AVMT reduction of (4 miles)(New riders = 99 or 342)(250 work days/year). 
e Sinha and Labi (2007) reported that a single bus vehicle hour costs $102.38 (in 2005 dollars), which is $108.67 (in 
2007 dollars).  Assuming 1 vehicle hour per 20 passengers and a fare of $2, the agency cost of serving each 
additional rider would be $108.67/20 – $2 = $3.43, or $84,979 for 99 daily new riders at 250 days/year. 
f McCollum and Pratt (2004) suggested that short-run fare elasticities vary between –0.17 (bus) and –0.40 (heavy 
rail), such that given a current fare of $2, a new fare of $1, 60 riders, and an elasticity of –0.17, the new ridership is  

⎥⎦
⎤

⎢⎣
⎡ +

−
−=⎥⎦

⎤
⎢⎣
⎡ +

−
= 1

$2
2$1$)17.0( 601

Fare Base
Fare BaseFare Newelasticity ridership Baseidershipr New = 65.1 per peak hour.   

This reduces DVMT by (5.1 riders)(5 peak hours)(4 daily miles/rider)(250 days/year) = 25,500 AVMT year. 
g The additional cost includes $3.43 per rider as per Alternative 2 plus an extra $1 per rider for the fare subsidy. 
h Kuzmyak et al. (2003) reported that the combination of parking charges and financial incentives associated with 
employer-based TDM programs yielded the following decreases in parking below current parking conditions 
without the programs: 6.9% (ample parking supply) and 34% (scarce parking supply).  Assuming that 1,000 of  peak 
hour users could participate in the program, participation rates would be between 69 and 340 per peak hour, 
suggesting an AVMT reduction of (250)(4 miles)(69 or 340 persons/peak hour)(5 peak hours)(2/3). 
i Assuming a daily parking charge of $10 per day, a daily subsidy would be $10 per 3 participants.  With 340 
persons/peak hour, the annual cost is (340/peak hour)(5 peak hours)(250 days)($10/3) = $1,416,667. 
j With imperfect compliance, speeds on the HOT/HOV lane are assumed to climb to 25 mph only.  With better 
compliance, speeds are assumed to rise to 40 mph, which is a 20 mph increase in speeds. 
k Figure 2 shows that at 20 mph, NOx emissions factors for autos and trucks are 0.299 and 4.447 g/VMT; at 40 mph, 
these decrease to 0.261 and 4.014 g/VMT, respectively.  The difference in these rates multiplied by the auto and 
truck DVMT using this lane yields the reduction in emissions.  Assume one third of all traffic uses the HOV/HOT 
lane.  The emissions reduction for autos is (0.299 – 0.261 g/VMT)(4 miles)(3,000 autos/peak hour)(1/3)(5 peak 
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hours/day)(250 days/year) = 190 kg and for trucks is (4.447 – 4.014 g/VMT)(4 miles)(240 trucks/peak hour)(1/3)(5 
peak hours/day)(250 days/year) = 173.2 kg.  The total emissions reduction is 190 + 173.2 = 363.2 kg. 
l Sinha and Labi (2007) suggested that the cost of reconstructing and adding an urban divided section is $2.667 M 
per lane-mile (2.831 M in 2007 dollars).  Given 4 lane-miles, a 20-year service life, and a 4% interest rate, the cost is 
$833,202 per year.  Assuming that 50% of the costs are paid by tolls (for Alternative 6, this proportion is 35%), the 
agency cost is $416,601 per year.  A 14% variation in costs is assumed based on literature that provided costs for 
median treatments (Bonneson and McCoy, 1997). 
m NOx calculations are identical to scenario 5 except no trucks use the lane, so there is no truck emissions reduction 
in scenario 6. 
n Data from Gluck et al. (1999) suggest that reducing the number of access points per mile may increase free flow 
speeds by as much as 10 mph.   A 5 mph increase is assumed as a lesser impact. 
o Figure 2 shows that at 20 mph, NOx emissions factors for autos and trucks are 0.299 and 4.447 g/VMT; at 30 mph, 
these decrease to 0.263 and 3.95 g/VMT, respectively.  The emissions reduction for autos is (0.299 – 0.263 
g/VMT)(4 miles)(3,000 autos/peak hour)(5 peak hours/day)(250 days/year) = 540 kg and for trucks is (4.447 – 3.95 
g/VMT)(4 miles)(240 trucks peak hour)(5 peak hours/day)(250 days/year) = 596.4 kg for a total of 1,136.40 kg. 
p The reduction in access points is expected to be achieved by the construction of frontage roads, for which a cost is 
suggested as $1,724 per lane-mile (in 2005) dollars (Sinha and Labi, 2007)  Varying this figure by 14%, multiplying 
by 8 miles (4 miles per direction), and annualizing (20-year service life, 4% interest) yield the range shown in the 
table.   
 
level ozone formation was VOC-limited, rather than NOx-limited, then larger emissions 
reductions would occur at speeds of 55 mph or more rather than 35 mph (see Figures 2 and 3).  
This could affect the relative attractiveness of Alternatives 5, 6, and 7 which raise speeds by 
varying amounts. 
 
 It is also evident that the seven alternatives may have other effects and hence may 
represent opportunities for additional cost sharing.  For example, with Alternative 1 (support 
TOD)m if the infrastructure investments could be shared with the private sector (cutting those 
costs in half), the cost per kilogram eliminated would be the lowest among the alternatives.  A 
more striking example of the importance of site-specific assumptions is the relative cost-
effectiveness of the HOV/HOT lanes with and without trucks (Alternatives 5 and 6).  As 
tabulated, the elimination of trucks in Alternative 6 has a cascading effect of (1) eliminating the 
large emissions reduction benefit of heavy duty diesel vehicles traveling at higher speeds and (2) 
increasing agency costs by eliminating the tolls paid by these commercial vehicles.   
 

Figure 20 demonstrates the importance of these site-specific assumptions.  When these 
assumptions are changed as indicated in the figure, the most cost-effective alternative becomes 
Alternative 1 (TOD) rather than Alternative 7 (access management). 

 
 Finally, it is evident that funding for each of these seven alternatives might arise from 
different sources: for example, the transit operations budget that is the source of funds for 
Alternatives 2 and 3 would not fund the access management initiative in Alternative 7.  Thus, the 
findings suggest that the ability to choose the most cost-effective alternative requires an ability to 
consider a variety of improvements without constraint by mode or funding source.   
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Figure 20.  Impact of Changing Assumptions on Cost-effectiveness of Alternatives. 

Changes to the assumptions were as follows: Alternative 1: only 1 bridge rather than 2 required (thus capital cost cut 
in half); Alternatives 2, 3, and 6: no change; Alternative 4: parking subsidy requires $7 rather than $10 per space; 
Alternative 5: technology shows that reversible lane not feasible such that 1 dedicated lane in each direction required 
if heavy trucks included; Alternative 7: right-of-way costs double capital investment necessary to construct frontage 
roads.  HOV = high-occupancy vehicle; HOT = high-occupancy toll; TOD = transit-oriented development. 
 
Impacts of Policy Response 3: Identify Policy Initiatives to Serve Increased Demographic 
Market Segments 
 
Results of Case Study 
 
 As discussed in the “Methods” section, to determine the impact of this policy response, a 
case study of the market segment of persons age 65 and older was used 

 
Figure 21 indicates that the proportion of persons age 65 and over will change from about 

12% in 2010, to about 18% in 2030, to about 19% in 2035 (NPA, 2008).  Thus, by 2035, the 
number of people over age 65 in Virginia may be double (1.96 million) that in 2010 
(approximately 1 million).  Figure 21 has another implication: in year 2010, the proportion of 
school age children (age 5 to 19) will be about 1.5 times the proportion of adults over age 65; by 
year 2035, these proportions will be roughly equal.  Given that drivers age 65 and over make 
more than a one fourth of their trips during peak periods and that such drivers may constitute an 
even larger proportion of peak period travel (McGuckin and Contrino, 2008), the mobility needs 
for this demographic group merit consideration. 

 
 To address the needs of this population, the literature suggests several initiatives, some of 
which may be better known than others.  Three are addressed here. 
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Figure 21.  Distribution of Virginia Population by Age, 1970 to 2030. 

Data were obtained from NPA (2008).  Linear regression based on years 2026-2030 suggests that the proportion of 
persons age 65 and over will be 19% in 2035.   
 

1. Follow roadway design practices that are tailored to the needs of older drivers.  
Examples in the literature (Staplin, 1998) include offsets for left turns (to facilitate 
viewing of opposing traffic when making a left turn), improved lighting at 
intersections, placards explaining the images that are used in pedestrian control 
devices, and backplates with traffic signals.  Although additional research is still 
called for in select cases (e.g., Eby and Molnar [2008] suggested that roundabouts 
will probably reduce older driver crash risk but that no such study has quantified this 
risk in the specific case of older drivers), initiatives to design roadways in an age-
friendly manner have received attention and are a component of Virginia’s Strategic 
Highway Safety Plan (Virginia’s Surface Transportation Safety Executive 
Committee, n.d.). 

 
2. Consider age-friendly land uses.  The literature (Coughlin, 2008; Rosenbloom and 

Herbel, 2008; Ward, 2008) recommends that the needs of older persons be expressly 
considered in land development while also noting that additional research is needed in 
this area.  For example, Rosenbloom and Herbel (2008) posed the following as a 
question yet to be answered: Which land use concepts deal with aging-in-place as 
well as new communities?  Although land use designs are suggested such as higher 
density and mixed use development in an area that can be supported by transit and 
with pedestrian-friendly features such as narrow streets and sidewalks, it is intriguing 
that the literature (Kochera et al., 2005) singles out two regulations that may have 
“unintended” (and adverse) consequences for this population: regulations that 
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prohibit multifamily dwelling units and regulations that prohibit “accessory dwelling 
units.”  Kochera et al. (2005) also noted different satisfaction levels with communities 
when stratified by geography; for example, more suburban residents (25%) indicated 
poor marks for “dependable public transportation” than urban residents (14%). 

 
3. Consider initiatives to support persons who wish to continue driving.  The literature 

(Eby and Molnar, 2008; Rosenbloom and Herbel, 2008) distinguishes between two 
related goals: providing mobility options for persons who can no longer driver and 
assisting those who can and wish to drive to continue.  Regarding the latter, 
Rosenbloom and Herbel  (2008) suggested that, contrary to men, women may cease 
driving even though they can still safely do so (with one reason being that they are 
“disparaged” by their spouse).  When it is necessary for these women to re-start 
driving (their spouse either dies or is incapacitated), it is difficult for them to do so 
because of the lack of recent driving experience.  As a result, one area of exploration 
Rosenbloom and Herbel (2008) suggested is educational campaigns and training 
programs that address the needs of women and men separately.  For example, 
Rosenbloom and Herbel (2008) reported that for men who stopped driving, the reason 
was often medical or vision problems (90%) but such problems were cited by less 
than one half of the women as the reason for their cessation of driving (46%).  Eby 
and Molnar (2008) further reported that two disparate areas require further study as to 
their impact on safer driving: personal rehabilitation (e.g., treatments that strengthen 
the driver’s physical body or cognitive skills) and technological improvements to 
vehicles (e.g., changes to how a vehicle is steered to render it more age-friendly).  
Interestingly, the same authors noted that educational programs “may” increase the 
number of crashes for males age 75 and over. 

 
The impact of these three initiatives is understood to varying degrees.  Thus a state-level 

policy initiative would be to continue to explore the feasibility of these three initiatives through 
research; case studies; and, if merited, wider scale implementation.  For example, in the short 
term (e.g., next 3 to 5 years), it may be possible to document better how particular roadway 
improvements, such as roundabouts, influence older driver safety at a particular location in 
Virginia.  More time might be needed to determine the utility of programs that support older 
persons who wish to and are able to continue driving.  Despite these differences in the state of 
the art, however, both areas appear productive for Virginia to explore further.  In all three areas, 
the need for further research is acknowledged. 

 
Thus, using the market segment of older drivers as an example, strategies may cut across 

diverse areas such as roadway engineering, land development, driver support, and vehicle 
adaptation.   
 
Other Potential Market Segments 
 

Another market segment is the transit dependent who relocate to areas with few transit 
services, perhaps because of changes in home prices.  This segment is apparent in an urban 
revitalization effort within Baltimore’s “Middle East Urban Renewal Area” that is expected to 
shift transit-dependent residents from a location in the city with strong transit services to a 
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portion of the city where fewer such services are available (Jones et al., 2008).  For example, the 
authors noted that prior to the revitalization, one of the two census tracts in the affected area had 
a median 1999 household income of under $14,000 with 83% of renters and 57% of owners not 
having a vehicle available.  Transit service was strong, with 253 transit stops located within one-
half mile of the affected area.  By contrast, one of the areas to which many of these residents 
located had only 81 transit stops and less use of transit as the commuting mode (Jones et al., 
2008).   
 

Another market segment is immigrants who rely on private shared transportation.  
Chatman (2008) suggested that most (82%) of the U.S. population increase through 2050 will be 
attributed to immigrants who arrive during that period and their U.S.-born descendents.  As a 
consequence, the author argued that modes of transportation that serve a larger share of this 
population, such as “private shared transportation” (e.g., low-cost intercity bus service and low-
cost commuter bus services, both of which are provided by private entities) merit greater 
attention, especially to the extent that some regulations may hamper such transportation services 
(Chatman, 2008). 

 
Impacts of Policy Response 4: Quantify the Economic Harm of General Aviation Airport 
Closures 
 
Link Between Aviation and Economic Growth 
 

It is agreed that transportation influences economic growth.  For airports in particular, the 
disparity in enplanement forecasts (between the low and high 2035 values) has direct economic 
implications for Virginia, given that previous work has shown, on average, that each 
enplanement in 2001 generated almost $700 in economic activity in 2007 dollars (BLS, 2008; 
DOAV, 2006a).   
 

This economic activity reflects direct impacts (e.g., salaries paid to airport workers or 
additional lodging made possible by the airport), multiplier effects (e.g., the impact of an airport 
worker placing a portion of his or her salary into the local economy), and airport-dependent 
impacts.   Airport-dependent impacts apply to businesses that rely on an airport for services such 
as “just in-time-shipping, a high degree of corporate travel, or specialized airport facilities and 
services such as free trade zones, U.S. Customs, and U.S. Immigration and Naturalization 
Services” and are measured as “local taxes, payroll, and local operating expenditures” made by 
such businesses (DOAV, 2006a).  A total of $10.75 billion in economic activity (DOAV, 2006a) 
was generated in 2001 (in 2001 dollars), which, if divided by Virginia’s 18.2 million 
enplanements in 2001 (FAA, 2008b), suggests $591.76 (in 2001 dollars) or $692.67 in 2007 
dollars (BLS, 2008) for each Virginia enplanement.  Based on 2007 enplanements, the 2007 
economic impact is estimated to be $17.74 billion. 
 

Based on 2035 enplanements, the high 2035 forecast suggests aviation could generate 
$43.12 billion in economic activity as opposed to the low 2035 forecast, which suggests a figure 
of $18.58 billion (all in 2007 dollars).  Thus, relative to 2007, the low 2035 forecast represents a 
5% increase in economic activity whereas the high 2035 forecast represents a 143% increase in 
economic activity 
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Potential Adverse Impacts Attributable to Airport Closure 
 

Although a major component of Virginia airport economic contributions are from larger 
full service airports, general aviation airports are a component of the economic growth.  
Businesses may use presence of general aviation airports as a factor in deciding where to locate 
(DOAV, 2006b).  Allen et al. (2006) reported that Virginia general aviation contributed $3.33 
billion in output, employment, and earnings.  The report does not specify the year of these 
dollars, but a review of the data sources suggests these are year 2004 dollars, which would be 
$3.66 billion in 2007 dollars. 
 

It is possible that some general aviation airports may be at risk for closure or restriction 
of operations between 2010 and 2035.  In some cases, closure may result because of economic 
pressures to use the airport land for other uses (e.g., residential development); in other cases, 
noise problems with land adjacent to the airport may lead to restricted operations (DOAV, 
2006b).  Although it is not clear what the reason for their closure has been, it was reported in 
2006 that five local service airports had closed permanently and that three local service airports 
had closed to the general public (but were available for private use) (SH&E et al., 2006).   
 
 An implication of these closures is that the economic benefits of airports, cited as $18.58 
to $43.12 billion in year 2035, could be less than this range if some airports that are contributors 
to this economic growth are closed. 
 
Implementing the Proposed Policy Response 
 
 In this policy response, the economic harm of closing general aviation airports is 
quantified.  Such information could be used in discussions with stakeholders, including 
localities, in an effort to keep these airports open.  If justified, it is possible that public sector 
dollars could be used to purchase private airports that are under threat of closure. 
 

Such quantification would need to isolate transfer impacts (e.g., the closure of an airport 
where business was moved to another Virginia county) from net loss impacts (e.g., the closure of 
an airport that resulted in the loss of business to another state). 
 

The literature offers some insights into conducting such a study that focuses on airport 
closures.  For example, in an explicit effort to study the economic impact of general aviation 
airports, Weisbrod (1990) surveyed Massachusetts business owners who used general aviation 
aircraft.  More than 25% of the respondents reported that they would relocate (19%) or go out of 
business (7%), and an estimated 34% of respondents indicated that sales volume would contract.  
Based on this information, the author estimated that these figures put 40% of the sales at risk 
(because of relocation, going out of business, or a drop in sales).  If applied to Virginia, such 
information could be used to determine the economic impact of individual airport closures. 
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DISCUSSION 
 

Possible Error in Forecasts  
 

Because forecasts are projections, some discussion of possible error in these projections, 
or uncertainty, is warranted.  At least four factors influence this uncertainty: 

 
1. Various public and private providers may have different methodologies for 

developing projections.  For example, for Virginia’s statewide population for year 
2030, different forecasts of 9,825,019 (U.S. Census Bureau, 2005) and 10,316,340 
(NPA, 2008) were given.   

 
2. Some projections are unavailable for some years and must be extended.  For 

example, although VEC (2008) provides population forecasts for individual 
jurisdictions, it does so only for year 2030, not year 2035.   

 
3. Not all forecasts can be made with equal precision.  For example, Missouri provided 

two estimates of annual population growth rate over a 6-year period: a low value of 
roughly 0.3% and a high value of 0.7% such that the size of this confidence interval 
was 0.7 – 0.3 = 0.4% (HDR/HLB Decision Economics, 2007).  For the same time 
period, however, the size of the confidence intervals for personal income and fuel 
costs were much larger at 5.2% and 23.4%, respectively.   

 
4. Some trends simply cannot be envisioned.  For example, in 2005 an announcement 

was made that $270 million in private sector funds would be invested in Chesterfield 
[County] and Lebanon [town], both in Virginia, to support state government 
information technology efforts, bringing more than 400 jobs in information 
technology to southwest Virginia (Virginia Coalfield Economic Development 
Authority, 2005).  Before the announcement was made, it would have been 
impossible to forecast precisely where new employment would occur or the number 
of jobs that would be created.   

 
Thus it is expected that some forecasts, such as DVMT generated by a single county, will 

be less stable than others, such as the population of an entire state (Miller, 2003).  It was 
appropriate, therefore, to show for each forecast a range that indicated the confidence one could 
have in the forecast.  One would expect this range to be narrow for Virginia’s population in 2035 
but wide for the DVMT generated by Lebanon town residents in 2035. 
 

 
Limitations of the Analysis 

 
There are several limitations to a macroscopic analysis such as the one used in this study 

that can be resolved only at a finer level of detail.  These limitations pertain to the estimation of 
statewide travel, the manner in which these variables are interpreted, the role of special 
generators, the granularity of the results, and the extent to which impacts of policy responses can 
be established. 
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Estimation of Statewide Travel 
 

The first DVMT limitation pertains to correlation among key variables.  Although Eq. 3 
predicts DVMT solely as a function of population, several other factors—employment, income, 
and time—are also factors.  While alternative approaches to Eq. 3 were tested, it was found that 
these four variables—population, employment, increases in household income, and the passage 
of time—were highly correlated for the period 1969 through 2007.  (All correlations were 
between 0.957 and 0.998.)  A related DVMT estimation issue pertains to data quality: DVMT 
tabulation methods changed between 1969 and 2007 as VDOT’s traffic count program changed.  
Some question can be raised as to the transferability of forecasts: for example, Liu et al. (2007) 
noted that one of several reasons for their decreasing DVMT growth rates was the decreasing 
rate at which the number of households is growing in Pennsylvania.  Virginia forecasts (NPA, 
2008) show some attenuation in the annual increase in the number of Virginia households  (e.g., 
the annual increase is 1.42% in 2010 compared to annual increases of 1.36% in 2020 and 1.39% 
in 2030).  However, as discussed previously, this low forecast did align with the moderate 
forecasts based on Virginia-specific population estimates, which may increase one’s confidence 
in the results. 
 

Historical transit and aviation data are more limited than is the case for DVMT data.  
Transit data are available only to 1999 for smaller systems and to 1991 for larger transit systems, 
except for data for select systems in Northern Virginia where data are available for an earlier 
period from the Northern Virginia Transportation Commission.  Aviation data are available only 
to 2000.  A larger data limitation is that none of the forecasts explicitly modeled the impact of 
the current recession: all forecasts were completed by December 2008 and as of February 2009 
the precise impacts of the current recession were not known. 
 
 Because transportation is a derived demand, it should ideally be linked to some measure 
of socioeconomic activity.  Although this is the case for DVMT (based on population) and 
enplanements (based on FAA forecasts, which are believed to be related to GDP), the transit 
forecasts are based on the extrapolation of historical trends.  To mitigate this weakness, three 
distinct historical trends—a large increase, a moderate increase, and a slight decrease in transit 
travel—were considered, which yielded a broad range of transit forecasts. 
 
Manner in Which Variables Are Interpreted 
 

Elasticities are valid only to the extent that demand continues to be influenced by the 
variable of interest, and thus the elasticity values, and hence the variables used herein require 
careful interpretation.   
 

For example, the negative elasticity between DVMT and the price of unleaded gasoline 
may be considered.  This elasticity is valid only to the extent that (1) alternative fuels are not 
available; (2) vehicle travel can be reduced; and (3) intervening actions do not occur that change 
the elasticity value.  Three situations where this elasticity assumption might not hold are as 
follows: 
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1. A rural county where the auto is the only travel option to reach a distant employment 
site.  (In this case, the increase in fuel costs may reduce expenditures in other areas 
but not necessarily DVMT, at least for the work trip.) 

 
2. A commuter who at present has a hybrid or electric-powered vehicle (short term) or 

an industry that is able to develop vehicles powered by alternative fuels (long term).  
In practice, a very large increase in gasoline prices will indeed lead to reduced gas-
powered travel but should not have the same effect on DVMT from electric-powered 
vehicles.   

 
3. A national policy of providing transit passes in response to concerns about fuel 

scarcity. 
 

  In Item 1, the entire elasticity assumption is simply not valid: the increase in cost does 
not change the demand for travel.  In Item 2, elasticity is still present but the assumption of linear 
elasticity does not necessarily hold, especially if economies of scale at some point suddenly 
reduce the cost of alternative-fueled vehicles.  In Item 3, the elasticity value may change: a state 
policy of encouraging transit use may influence the response to vehicle travel, assuming the 
transit passes attract new users rather than simply subsidizing trips for existing transit riders.   
 

A similar critique applies to density.  Density by itself does not reduce DVMT; rather, 
higher density in some situations is associated with changes in other conditions conducive to a 
reduction in DVMT (Frank, 1998).  Such conditions include, but are not limited to, increased 
transit service, pedestrian amenities, gridded streets, and mixing of land uses.  Thus, it is 
assumed that the increase in density noted in the scenarios analysis would be accompanied by 
some of these conditions.  It is conceivable, however, that density could be increased without any 
change in these other factors, under which case one would not expect DVMT to influence these 
results. 

 
Finally, the elasticities used herein do not reflect second order responses.  For example, if 

fuel costs increased, the elasticities might adequately capture the first order response of the 
resultant reduction in DVMT.  However, a second order response might be a drop in revenue 
(because of the reduction in fuel taxes) where eventually the loss of revenue might eliminate 
needed capacity improvements that could further depress demand.  An alternative second order 
response might be a change from a fuels tax to a VMT tax.  Neither second order response is 
captured in this report, although the particular question of how a change in fuels tax might 
influence VMT is reported in another VTrans document (Virginia Transportation Research 
Council, 2008).  That document states that a fuels tax remained a “viable revenue source” 
through year 2025 but that Virginia “will need to consider” a VMT-based tax in the “longer 
term.” 
 
Role of Special Generators 
 
 The DVMT estimates are an aggregate measure of travel demand and may not fully 
capture the impact of special generators, such as large employment centers or other facilities that 
attract large amounts of traffic.  For example, increases in freight movements through the Port of 
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Virginia may generate higher levels of travel demand on corridors such as U.S. 58 and U.S. 460 
(Florin, 2008). 
 
Granularity of the Results 
 

The aggregate nature of this analysis affects the results.  For example, regarding Policy 
Response 1, it is possible that the emissions benefits of higher density are higher than those 
calculated here because the density calculations were performed at the geographic level of a 
jurisdiction (or in some cases multiple jurisdictions).  Thus, some of the emissions reductions 
benefits of very high-density areas, such as the central business district of a given city, may not 
have been fully recognized in this report.  It is also possible that the emissions benefits of higher 
density are lower than those calculated here, because CO2 emissions are not directly 
proportionate to DVMT but rather are affected by other factors, such as speed (Sinha and Labi, 
2007). 
 

The literature reflects these other factors.  For example, a 17% DVMT reduction was 
suggested (Bartholomew and Ewing, 2008) based in part on a 2050 horizon year and increased 
density; a 6% DVMT reduction was suggested by Stone et al. (2007) based on compact 
development patterns.  Based on the density elasticity of –0.05 (Ewing and Cervero, 2001), a 
doubling of density in various Virginia jurisdictions would reduce DVMT by about 5%.  There is 
a 25% difference in DVMT per household (Eads, 2007) when Atlanta (a low residential density, 
a large road density, and a poor supply of rail transit) and Boston (a high residential density, a 
smaller road density, and a better supply of rail transit) are compared.  Given that Policy 
Response 1 used a 2035 horizon year and focused on density alone, the cited reduction of 2.6% 
or the range of 1.1% to 6.4% appears to be a reasonable order of magnitude. 
 

Although the demand analysis focused on just a few factors—density, fuel cost, income, 
elasticity related to these factors, and annual growth rate in DVMT or transit trips—other factors 
may be studied.  For example, decreases in funding for transportation or transit improvements (or 
the provision of existing services such as highway maintenance and bus operations) were not 
explicitly quantified but will also have an impact.  (In September 2008, the Commonwealth 
Transportation Commissioner noted that Virginia’s maintenance and operating budget was 
expected to decrease by $740 million over the next 6 years [Ekern, 2008].)  Similarly a change in 
how transportation is funded—whether as a fuel tax, a VMT-based tax, or the increased use of 
privately tolled facilities—should influence the DVMT forecasts directly and, by extension, the 
transit-based forecasts and plausibly the regional portion of the aviation enplanement forecasts.  
Such cross-elasticities are not explicitly studied in this report. 
 

Finally, analyses in addition to those presented in this report are feasible.  For example, 
one way to analyze how high fuel costs might affect emissions is to estimate the emissions 
reductions attributable to a drop in fossil-based DVMT but then quantify the emissions that 
would result from additional electricity use presuming available technologies for such vehicles.   
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Extent to Which Impacts of Policy Responses Can Be Established 
 

Although it was possible to quantify the impact of Policy Responses 1 and 2, it was not 
possible to quantify the impact of Policy Responses 3 and 4 at this point in time.  In addition, 
other policy responses are feasible and may be more (or less) effective than those developed in 
this study. 
 

Estimation of Statewide DVMT 
 

Although uncertainty about the population and DVMT growth rate affect the statewide 
2035 DVMT forecast, the uncertainty in DVMT attributable to growth rate is greater than the 
uncertainty attributable to population.  The variation in DVMT based on different growth rates 
(483.6 versus 336.7 million DVMT) was larger than the variation based on different populations 
(345.4 versus 321.2 million DVMT). 
 

Estimation of DVMT based on population (Eq. 3) yields a DVMT forecast similar to that 
presuming a low DVMT growth rate.   Figure 13 shows that a population-based DVMT (321.2 or 
345.4 million DVMT) is relatively close to a DVMT that presumes a low annual growth rate 
suggested by Liu et al. (2007) of 1.74% through 2010, 1.58% for 2011 through 2020, and 1.31% 
thereafter (336.7 million).  A similar annual growth rate of 1.74% to 2% suggested by Polzin 
(2006) would yield 364 to 392 million DVMT, which is closer to the range of these three DVMT 
estimates (321.2 to 345.4 million) than the estimate based on a high DVMT growth rate (483.6 
million DVMT).  Thus, it appears that a lower rate of DVMT growth is likely than what was the 
case in the past. 
 

Sensitivity of Travel Activity to Other Factors 
 

Changes in density have the potential to reduce DVMT by between 1.1% and 6.4% 
relative to no change in density.  The impact of increasing population density on DVMT was 
estimated from two types of sources: elasticity relationships (Table 8) and AVMT/density 
relationships from the literature that were then used to estimate DVMT reductions in Virginia 
(Table 10).  The estimated DVMT reductions from both methods were comparable: the 
macroscopic method in Table 8 suggested reductions of between 3.8 and 22.0 million DVMT 
(hence a 1.1% to 6.4% reduction relative to the baseline value of 345.4 million DVMT), and the 
jurisdictional method of Table 10 suggested a reduction of about 9.1 million DVMT (hence a 
2.6% reduction).  The latter reduction suggests an annual emissions reduction of 1.507 million 
metric tons of CO2. 
 

Although changes in density affect DVMT, such DVMT changes are smaller than those 
that result from changes in fuel cost, income growth, and population growth.  For the baseline 
case, for example, a macroscopic change in density reduced DVMT by between 3.8 and 22.0 
million DVMT (between 1.1% and 6.4% of the total) depending on which elasticity was 
assumed.  By contrast, Table 8 showed that a high fuel cost decreased DVMT by 168.7 million 
or 284.2 million DVMT (48.9% or 82.3% of the total) and low income growth decreased DVMT 
by 34.4 or 223.5 million DVMT (10% or 64.7% of the total) depending on which elasticity was 
assumed.  Figure 13 also shows that the change in DVMT between the baseline case and the 
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higher density case is less than the change in DVMT that results from two different statewide 
population estimates An implication of this finding is that although land use changes affect 
DVMT, a change may result if the state can influence more influential factors, such as the cost of 
fuel (or possibly investments in technology). 
 

Although DVMT may be more sensitive to income than to fuel costs (Pickrell and 
Schimek, 1998), the analysis in this report suggests that higher fuel costs may cause a greater 
change in DVMT than a lowering of income.  Table 8 showed that for the baseline case of 345.4 
million DVMT, the DVMT based on high income growth (379.8 or 568.9, depending on 
elasticity) had an average value of 474.3.  The difference between this average DVMT based on 
high income growth and the corresponding average DVMT based on low income growth is 257.9 
million DVMT, which is not quite as large as the difference between DVMT based on high and 
low fuel costs (283.1 million DVMT).  Figure 13 further shows that the change in fuel costs 
causes a moderately larger change in DVMT than the change in income.  The explanation is that 
between 2010 and 2035, fuel costs could vary by as much as an order of magnitude (e.g., the 
high value of $10/gal is 10 times the low value of $1/gal) whereas household incomes vary by a 
lesser amount (e.g., the high value of a doubling in household income is only 2 times as large as 
the low value of no increase).   
 

Figure 22 supports the inference that changes in fuel costs historically have been 
considerably more volatile than changes in household income.  This is also evident from a 
correlation analysis: whereas population, employment, and income were highly correlated with 
DVMT (with values of 0.95 or higher), the correlation between fuel cost and income in a given 
year is weaker (–0.48).  (The correlation analysis also suggests a time lag for fuel impacts, as a 
stronger correlation of –0.77 was found between fuel cost and DVMT 3 years later.) 

 

 
Figure 22.  Percent Change in Household Incomes and Fuel Costs.   

Household incomes in real dollars were obtained from NPA (2008).  Fuel costs were obtained from EIA (2008) in 
nominal dollars; converted to constant dollars in accordance with BLS (2008). 
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Lessons Learned From the Impacts of the Four Policy Responses 
 

The analysis of the impacts of the four policy responses suggested three insights. 
 

1. The ability to choose an alternative based solely on its ability to meet a single goal—
and without constraint by project type—can greatly increase the cost-effectiveness of 
a project.  With Policy Response 2, where seven alternatives were considered such 
that the cost for reducing 1 kilogram of NOx emissions ranged from $1,221 for the 
most effective alternative to $4,181 for the least effective alternative, the ratio the 
ratio of the least to most cost-effective was 3.42.  When these assumptions were 
changed, a different alternative became the most cost-effective, but the ratio was 
similarly large, i.e.,  3.37.  The comparison shows the extent to which cost-
effectiveness can be maximized if decision makers are able to concentrate on one 
goal, or a limited number of goals, and have flexibility in choosing alternatives such 
that the funding source (e.g., highway or transit, capital or operations) does not 
restrict the type of mode that must be favored. 

 
2. Implementation of the initiatives requires individuals with different disciplines.   

Although Policy Responses 2 and 3 were very different in terms of scope (Policy 
Response 2 looked at emissions reduction measures, and Policy Response 3 identified 
methods to improve mobility for persons over age 65), they were similar in that they 
required expertise from fairly diverse disciplines.  Policy Response 2 requires an 
ability to evaluate impacts of different modal solutions (access management, 
HOV/HOT lanes, and transit initiatives), and Policy Response 3 requires expertise in 
the areas of traffic engineering, safety, and driver education.  Policy Response 4 
necessitates an understanding of both the economic benefits of general aviation and 
local land development markets and ordinances.  Given that the specific initiatives 
identified in Policy Response 3 require further research, being ready to study such 
different initiatives, or incorporate lessons learned from other states that implement 
such initiatives, will become increasingly important between now and 2035.  

 
3. Although the policy responses identified herein have merit, there does not yet appear 

to be a single solution that dominates all other alternatives.  Increasing density 
(Policy Response 1) yielded a small (but measurable) decrease in emissions.  Having 
the freedom to choose the most cost-effective alternative (Policy Response 2) yielded 
some increase in cost-effectiveness, but a modest one.  Identifying (and presumably 
implementing the most effective) initiatives for increasing older driver mobility 
(Policy Response 3) appears promising and critical, but the data do not yet enable 
identification of a single initiative that would be most productive.  Being able to 
articulate economic benefits of modal preservation (Policy Response 4) should 
improve public accountability but does not eliminate the need to find funding sources.  
Thus the policy responses presented herein are feasible and appear promising relative 
to the “do nothing case” but have limited utility based on the data included in this 
report. 
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CONCLUSIONS 
 
• Socioeconomic activity and travel demand in Virginia are expected to increase from 2010 to 

2035.  The best estimates for these increases are as follows: 
 

― Population: 28.3% (based on VEC data) or 35.6% (based on NPA data) 
― Employment: 48.9% 
― Household income: 50.21% in 2000 dollars 
― Employment to household ratio: 3.6% (statewide) with some higher increases (e.g., 

Northern Virginia with 7.3%), some lower increases (e.g., 2.2% in George Washington 
Regional), and some decreases (e.g., –10.3% in Rappahannock-Rapidan); these ratios 
exclude proprietor employment 

― DVMT (highway): 35.6% (based on the VEC population) or 44.8% (based on the NPA 
population) 

― Unlinked passenger trips (transit): 75.47% 
― Annual enplanements (aviation): 103.5%. 

 
Note also that the average household size will decrease by 3.1%.  
 
These best estimates depend on a wide variety of assumptions and may be replaced by a 
range.  For example, the range of annual enplanements for year 2035 relative to 2007 is 
between 5% and 143% depending on GDP growth. 
 

• Although DVMT will increase, the annual rate of increase between 2010 and 2035 will be 
less than it was between 1982 and 2007.  A model predicting 2035 Virginia DVMT as a 
function of population forecast between 321 and 345 million DVMT, depending on which 
2035 population is used.  The application of low growth rates suggested by some literature 
yielded 337 million DVMT.  All three estimates are substantially lower than what would 
result from the extension of historical Virginia DVMT growth rates between 1982 and 2007 
(483.6 million DVMT). 

 
• Although statewide forecasts of DVMT, transit trips, and aviation enplanements have some 

uncertainty because of population, the uncertainty attributable to other factors, such as 
growth in household income, is larger.  Population uncertainty affected the 2035 DVMT 
estimate by a modest amount (321.2 to 345.4 million), whereas a change in household 
income caused a wider change in the forecast (113.3 to 529.0 million). 

 
• Although the four policy responses developed in this study may have merit, there is no “silver 

bullet.”   For example, to the extent that density is a surrogate for other factors such as 
pleasantness of walking and proximity of destinations that may reduce automobile trip length 
or frequency, an increase in population density in select high-density jurisdictions may 
eliminate 1.507 million metric tons of CO2 per year, based on the elimination of 9.1 million 
DVMT, which is 2.6% of the statewide 2035 DVMT.  This change is smaller than changes in 
two different 2035 statewide population estimates (7.0% of DVMT), an increase in fuel costs 
to $10/gal (66% of DVMT), or elimination of the anticipated 50% increase in real household 
incomes between 2010 and 2035 (37% of DVMT). 
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• The policy responses suggest that the challenges facing Virginia may possibly be addressed 
more effectively if alternatives can be selected based on their ability to achieve one or a 
small number of goals.  Policy Response 2 demonstrated that for a given goal, such as 
emissions reduction, the most cost-effective alternative may come from diverse areas (land 
use, highway construction, highway operations, transit construction, or transit operations) 
and thus flexibility to choose an alternative without modal restrictions may be beneficial.  In 
the case study examined, the cost of the “best” alternative was less than one third that of the 
“worst” alternative—but site-specific information is needed to determine which alternative is 
best.  This information is not necessarily available at the time of programming. 

 
• The range of potential policy responses is diverse in that different modes and different 

disciplines are required.  For the case study in Policy Response 3—identify policy initiatives 
to serve persons age 65 and over—included making roadway improvements amenable to 
older drivers and developing techniques, such as physical therapies and carefully targeted 
driver encouragement programs, that require a variety of skills. 

 
• Although DVMT is more sensitive to income than to fuel costs (Pickrell and Schimek, 1998), 

the analysis in this report suggests that changes in fuel cost may have a greater impact on 
fuel-based DVMT than changes in household income.  The explanation is that fuel costs 
between 2010 and 2035 could vary by as much as an order of magnitude (e.g., the high value 
of $10/gal of unleaded gasoline is 10 times the low value of $1/gal) whereas household 
income is not assumed to have quite as large a range.  Historical data suggest that fuel costs 
are more volatile than income. 

 
 
 

RECOMMENDATION 
 
 This report found that four policy responses to the challenges posed by the changes 
facing Virginia by year 2035 have potential merit relative to the do-nothing case.  Because this 
report did not prove that each policy response would be an effective use of resources, the four 
policy responses are only recommended for consideration at this point in time.  These policy 
responses are: 
 

1. Encourage increased density at select urban locations to reduce CO2 emissions.  The 
potential benefit of this response is a reduction in DVMT (a value of 2.6% was 
computed in this report).  The potential disadvantage is that other factors, such as fuel 
price (and, as a consequence, policies based on fuel price), may have a greater impact. 

 
2. Use cost-effectiveness as a criterion to select project-level alternatives for achieving 

a particular goal.  The potential benefit of this response is an increase in cost-
effectiveness (a ratio of about 3.37 to 3.42 between the least and most cost-effective 
project in this report was calculated).  The potential disadvantage is that obtaining 
agreement on a single goal for a particular project can be difficult. 
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3. Identify policy initiatives to serve increased demographic market segments.  The 
potential benefit of this response is identification of creative strategies to increase 
mobility; for example, given the expected doubling of persons age 65 and older by 
2035 and the expected growth in DVMT, the strategy of enabling older drivers to 
continue driving (through traffic engineering and targeted educational campaigns) 
appears to have merit.  The potential disadvantage of this response is that the costs of 
the various components of this strategy have not been assessed to determine which 
components are the most effective. 

 
4. Quantify the economic harm of general aviation airport closures.  The potential 

benefit of this response is that the results of such a study might enable the 
Commonwealth to preserve components of its air transport system.  The potential 
disadvantage of this response is the cost of such a study. 

 
 
 

COSTS AND BENEFITS ASSESSMENT 
 

Four policy responses, selected because they require coordination across two or more 
transportation modes, were presented in this report.  The costs and benefits of each policy 
response are highly variable and thus can be estimated at an accuracy of only an order of 
magnitude. 

 
• For Policy Response 1 (increased density in select urban locations to reduce CO2 

emissions), a rough estimate of the emissions benefits, once the policy is 
implemented, is a reduction of 1.5 million metric tons.  To implement this policy 
response, an MPO would probably want to see a detailed study that quantified 
emissions reductions at a more detailed level of geography, such as that of a 
transportation analysis zone or census tract, than the jurisdiction level of geography 
used herein.  The cost of such a study for each MPO, assuming one full-time 
employee (FTE) taking a full year, might be approximately $100,000.  This cost 
could be raised or lowered depending on the extent to which existing models, such as 
the urban travel demand models, could be tailored to this purpose.  Assuming four 
MPOs, the cost of implementing this policy response could thus be $400,000.  Once 
the policy was implemented, there could be additional benefits (e.g., a reduction of 
necessary infrastructure) and additional costs (e.g., increased congestion levels).  
These ancillary benefits and costs have not been estimated.   

 
• For Policy Response 2 (choosing alternatives based on cost-effectiveness for a 

specific goal), the benefit is improved cost-effectiveness.  The implementation cost is 
the controversy that may result from focusing on a single or limited number of goals 
without deference to mode. 

 
• For Policy Response 3 (identify policy initiatives to serve older persons), the benefit 

is possibly improved mobility options or safer travel for persons age 65 or over—a 
figure that will double in 2035 from year 2010.  However, the benefit is also possibly 
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nothing if, contrary to the hypothesis offered in this study, such an analysis does not 
result in any additional insights.  The costs of implementing this policy are the costs 
associated with implementing the alternatives, and those costs cannot be estimated at 
this time. 

 
• For Policy Response 4 (quantifying the economic harm of general aviation airport 

closures), the possible benefit is preservation of some of the $3.66 billion in 
economic development contributed by such airports; however, if no airports are at 
risk of closure, there may be no benefit.  The cost of this policy response is the cost of 
conducting the study, but this cost cannot be estimated at this time. 
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APPENDIX A 
 

CALCULATING THE RATIO OF JOBS TO HOUSEHOLDS FOR 2035 
 

The ratio of jobs to households used in this report was calculated by dividing the number 
of wage and salary jobs by the number of households.  Based on the information provided in this 
appendix, wage and salary jobs provided by NPA (2008) are most comparable to wage and 
salary jobs from the Bureau of Economic Analysis (BEA), and the household forecasts are most 
comparable to occupied housing units provided by the Census (2008).  This appendix 
summarizes different approaches for computing jobs to household ratios and explains why the 
particular approach used in the current report was chosen for Virginia 2035 forecasts. 
 
 

Wage and Salary Employment 
 

The BEA defines wage and salary employment as the “average annual number of full-
time and part-time jobs in each area by place-of-work” (BEA, 2008b).  Although nonfarm wage 
and salary employment is also captured by the Bureau of Labor Statistics (BLS), the BLS figures 
are lower than those reported by BEA, in part because the BLS data do not include certain 
employment categories such as forestry, fishing, hunting, the military, “other” (BEA, 2008a), 
and domestic workers (BLS, 2007).  Thus, 2005 Virginia wage and employment data reported by 
BLS are about 7% lower than those reported by BEA. 
 
 

Proprietor Employment 
 

BEA also captures proprietor employment, such as self-employed individuals who file a 
Schedule C with the Internal Revenue Service.  BEA defines proprietor employment as the 
“number of sole proprietorships and the number of individual business partners not assumed to 
be limited partners” (BEA, 2008b).  In Virginia in 2005, such employment accounted for 
approximately 16% of total employment.  These data are not captured by BLS.   
 
 

Summary of Employment Categories 
 

Table A1 summarizes Virginia employment estimates for year 2005 from BLS (upon 
which the Virginia Employment Commission [VEC] figures are based) and BEA (upon which 
the NPA figures are based).  Table A1 also shows farm employment, which is captured by BEA 
but not by BLS.  Consistent with the literature (Evans, 1998; U.S. Department of Transportation, 
2008), a total employment figure obtained from BEA will be higher than a total employment 
figure obtained from BLS. 
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Table A1.  Virginia Employment Data, 2005 
Employment 

Category 
 

BLS (2007) 
 

 BEA (2008c) 
 

NPA (2008) 
Wage and salary (farm) N/A       9,150a        8,690a 
Proprietor (farm) N/A      47,833      47,820 
Wage and salary (nonfarm) 3,664,400 3,937,705b 3,938,160b 
Proprietor (nonfarm) N/A    717,748    734,290 
Total employment N/A 4,712,436 4,728,960 

BLS = Bureau of Labor Statistics; BEA = Bureau of Economic Analysis; NPA = NPA Data Associates, Inc. 
aFarm wage and salary employment is derived by subtracting farm proprietor employment from total farm 
employment. 
bNonfarm wage and salary employment is derived by subtracting farm wage and salary employment from total wage 
and salary employment 
 
 

Choosing an Employment Category for the Jobs to Household Ratio 
 

To compute a jobs to household ratio, this report uses wage and salary employment rather 
than total employment; thus proprietor employment was not used in the jobs to household ratio 
provided in this report.  The location of the wage and salary employment is the jurisdiction in 
which the job is located.  Thus, if a worker lives in Region A and works in Region B, the 
worker’s place of employment is listed as Region B. 
 

By contrast, the location of the proprietor employment is “largely” the place of residence 
rather than the place of work of the individual (BEA, 2008b).  This definition of location does 
not necessarily mean a proprietor works at home but rather reflects “limitations in source data” 
(BEA, 2008b).  The implication, therefore, is that if a self-employed individual who files a 
Schedule C lives in Region A and works in Region B, then that individual’s place of 
employment is listed as Region A.   
 

The decision to use wage and salary employment, rather than total employment, has both 
a strength and a weakness when determining a jobs to household ratio.  The advantage is one of 
data integrity:  one can be reasonably confident that the place of employment used in the ratio is 
accurate.  The disadvantage is one of data completeness: for 2005 in Virginia, about 16% of jobs 
were excluded from the computation. 
 
 

Extent to Which Excluding Proprietor Employment Affects the Jobs/Household Ratio 
 
 Table A2 shows, for a hypothetical region and state, jobs to household ratios based on 
wage and salary employment only and on total employment.  An examination of this table shows 
the extent to which excluding proprietor employment affects the jobs to household ratio provided 
in this report.  
 

As an example, just the 30 proprietor employment jobs shown for Region A in the table 
may be considered.  The location of these jobs is Region A, regardless of whether the individuals 
performing the jobs physically work in Region A (e.g., at home) or in another region (e.g., a 
contract employee who travels to a publishing office in Region B to work).  Whether a  



 69

Table A2. Jobs to Household Ratios For a Hypothetical Year Based on Wage and Salary Employment Only 
and on Total Employment for a Hypothetical Region and State 

Employment (jobs) Calculated Jobs/Household Ratio Based on  
 

Location 
Wage and 

Salary 
Employment 

Proprietor 
Employment 

 
 

Households 
Wage and Salary 

Employment 
Total 

Employment 

Region A 90 30 67 90/67 = 1.34 120/67 = 1.79 
Entire State 1,500 300 1,000 1,500/1,000 = 1.5 1,800/1,000 = 1.8 
 
jobs/household ratio based on wage and salary employment is more accurate than one based on 
total employment depends on where these 30 jobs are physically located.  
 

• If all 30 proprietor employment jobs are physically located within Region A, Region 
A has 120 jobs and 67 households, for a ratio of 1.79 comparable to the statewide 
average of 1.8.  Therefore, the ratio based on total employment gives a more accurate 
measure of the jobs to household ratio, with the interpretation being that 
jobs/household ratio for Region A is comparable to that for the state. 

 
• If none of the 30 proprietor employment jobs is physically located in Region A, in 

reality, Region A has only 90 jobs relative to 67 households, for a ratio of 1.34.  
Therefore, the jobs/household ratio for Region A is below that for the state.  In that 
sense, therefore, the ratio based on wage and salary employment is more accurate.  

 
 

Estimation of Households 
 
 This report estimates the denominator in the jobs/household ratio as the number of 
households, which is defined as the number of occupied housing units (U.S. Census Bureau, 
n.d.a).  The reason for this decision is that forecasts of households, as opposed to housing units, 
are available to year 2035. 
 
 An alternative approach would be to estimate the denominator as the total number of 
housing units, which in 2005 were approximately 10% higher than the number of occupied 
housing units (households), as shown in Table A3. 
 
 Examples can be found in the literature that use population, households (occupied 
housing units), and total housing units as the denominator in the jobs/household ratio, and in 
some cases, the terms are used synonymously.  Bento et al. (2003) noted the need to assess “the 
location of employment relative to population, or jobs-housing balance,” which they computed 
by tracking jobs and population.  By contrast, the King County Budget Office (2004) used 
 

Table A3.  Households and Housing Units in Virginia in 2005 
Data Source U.S. Census U.S. Census NPA 
Units Total Housing Units Households Households 
Value 3,178,385a or 3,174,708b 2,889,688c 2,869,790d 
 a U.S. Census Bureau (2008).  
 b U.S. Census Bureau (2006). 
c U.S. Census Bureau (n.d.b). 
d NPA Data Services, Inc. (2008). 
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housing units in the denominator (and stated that there is not a “benchmark target for the ‘right’ 
ratio of jobs to housing”).  Occupied housing units (e.g., households) were used to yield a 
jobs/housing ratio in the Los Angeles Area (Singa et al., 2004) and are reported elsewhere as 
“the most common” indicator of the ratio of jobs to housing (California Planning Roundtable, 
2008).  However, it has also been noted that total housing units may be used instead of occupied 
housing units (households) because some communities may find it easier to track total housing 
units rather than the ones that are vacant (California Planning Roundtable, 2008). 
 

 
Summary 

 
Returning to Table A1 and Table A3, the methodology used in this report yields the 

following jobs to household ratio for the year 2005 as follows: 
 

1. Wage and salary employment for 2005 (not including proprietor employment) is 
approximately 3.946 million.  

 
2. Households (not including vacant housing units) for 2005 is approximately 2.890 

million. 
 
3. The ratio of jobs to households for 2005 therefore, is 3.946/2.890 = 1.37. 

 
Thus, when considering the ratios forecasted in this report for the year 2035, the 

following should be noted.  Lower jobs to household ratios than those computed in this report 
may be expected if total dwelling units rather than occupied dwelling units are used for 
“household” or if BLS data, which exclude certain employment categories such as forestry, are 
used.  Higher jobs to household ratios than those computed in this report may be expected if 
proprietor employment rather than only wage and salary employment is included in “jobs.” 
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APPENDIX B 
 

DOES THE POPULATION OF A PLANNING DISTRICT COMMISSION PREDICT ITS 
SHARE OF DAILY VEHICLE MILES TRAVELED? 

 
This report forecast daily vehicle miles traveled (DVMT) at the state level and then used 

the population of each planning district commission (PDC) to determine its share of DVMT.  To 
test the accuracy of the assumption that DVMT is proportionate to population, Figure B1 
compares the proportion of measured DVMT in each PDC (on the horizontal axis) to the 
proportion of population attributed to each PDC (on the vertical axis).  If DVMT were perfectly 
proportional to population, a horizontal line would result.  Instead, there is some discrepancy; for 
example, four PDCs—George Washington, Hampton Roads, Northern Virginia, and Richmond 
Regional— had 59.8% of the statewide measured DVMT and 64.2% of the statewide population.  
(This comparison has two known imperfections.  First, the total DVMT in towns, which 
represents approximately 4% of the total DVMT, had to be estimated on the basis of other 
DVMT rather than directly measured.  Second, and of less significance, there is a 0.002% 
difference [two one thousandths of 1 percent] between two estimates of total Virginia 2006 
DVMT [VDOT, 2007; Schinkel, 2008].  Differences can arise due to rounding, and the latter 
value was chosen because it has been used by FHWA and thus adopted by VDOT as an official 
estimate [Schinkel, 2008].  As a consequence, this discrepant DVMT was distributed to PDCs on 
the basis of other DVMT.) 
 

The Lenowisco PDC may be considered as an example.  It was assumed that this PDC 
would have 1.22% of the state’s DVMT since it has 1.22% of the state’s population (see the 
vertical axis of Figure B1).  Instead, it has 1.05% of the state’s DVMT as measured from traffic 
counts (see the horizontal axis of Figure B1).  In year 2035, this discrepancy will be about 0.54 
million DVMT.  The difference between the high DVMT growth and low DVMT growth 
projected for this PDC (see Table 5) is larger at 1.3 million DVMT.  The error added by the 
population-based simplification of Eq. 6 does not mask the impact of the scenarios studied.  

 
During a presentation of similar results to the VTrans2035 Multimodal Advisory 

Committee on October 14, 2008, it was noted that inclusion of transit with DVMT might 
eliminate some of the discrepancy shown in Figure B1.  Because transit demand was measured 
as the number of unlinked passenger trips whereas auto demand (private vehicular travel) was 
measured as the number of DVMT, auto and transit demand are not immediately comparable.  
However, it is possible to convert transit trips to DVMT under the assumption that one transit 
passenger mile traveled (PMT) is equivalent to one auto VMT.  Although the relationship 
between transit trips and transit PMT will vary by transit type and transit system, a weighted 
average based on sampling four bus systems using 2006 data (WMATA in Northern Virginia, 
Greater Richmond Transit in Richmond, Blacksburg Transit, and Lynchburg Transit) suggests 
that each transit trip accounts for 3.08 PMT and that each heavy rail trip accounts for 5.74 PMT 
(Federal Transit Administration, 2008b).   
 
 Data from the Virginia Department of Rail and Public Transportation (Hill, 2008) give 
transit trips for FY 2005 and FY 2006 by transit agency.  Transit trips for calendar year 2006 
were  
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Figure B1.  Proportion of Statewide Population vs. Proportion of Statewide DVMT for year 2006.   

Based on data obtained from Schinkel (2008), VDOT (2007), and Weldon Cooper Center for Public Service (2008).   
 

estimated by averaging the FY 2006 (i.e., July 1, 2005, through June 30, 2006) and FY 2007 
(i.e., July 1, 2006, through June 30, 2007) values.  Transit trips were assigned to modified PDCs 
on the basis of where the PDC was located, and literature was used as necessary to determine 
these locations (American Public Transportation Association, 2003).  In cases where the transit 
service encompassed two PDCs, the transit ridership was split between those PDCs.  The transit 
trips were converted to DVMT by multiplying each transit trip by 3.08, except for the case of 
WMATA heavy rail where each trip was multiplied by 5.74.  For example, Bay Transit had 
132,614 trips in FY 2006 and 137,149 trips in FY 2007, for an average of 134,882 trips in 
calendar year 2006.  Bay Transit serves the counties of Essex, Gloucester, King and Queen, King 
William, Mathews, and Middlesex (in PDC 18, the Middle Peninsula) as well as the counties of 
Lancaster, Northumberland, Richmond, and Westmoreland (in PDC 17, Northern Neck).  Thus 
each of these PDCs is given ½ of 134,882 = 67,441 transit trips, which is equivalent to 
(67,441)(3.08) = 207,718 PMT.  These annual PMT are then divided by 365 to convert to them 
to a daily estimate of PMT. 
 

When the PMT from the transit calculations are added to the auto DVMT, Figure B1 
changes slightly to Figure B2.  For example, Northern Virginia still had 27% of the state’s 
population, and its travel share increased from 22.3% (of the state DVMT) to 22.8% (of the 
state’s combined PMT and DVMT).  The four PDCs of George Washington, Hampton Roads, 
Northern Virginia, and Richmond Regional, which had 64.2% of the statewide population, saw 
their travel share increase from 59.8% (of the state DVMT) to 60.2% (of the state’s combined 
PMT and DVMT). 
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Figure B2.  Proportion of Statewide Population vs. Proportion of Statewide DVMT and DPMT in 2006. 

Based on data obtained from Department of Rail and Public Transportation (Hill, 2008); Federal Transit Association 
(2008b); Schinkel (2008); VDOT (2007); and Weldon Cooper Center for Public Service (2008). 
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APPENDIX C 
 

ANNUAL VEHICLE MILES TRAVELED (AVMT) REDUCTIONS ATTRIBUTABLE 
TO INCREASED DENSITY 

 
Table C1.  Summary of How Modifying Density May Affect Annual Vehicle Miles Traveled (AVMT) 

Reductions in Four Planning District Commissions ( PDCs) 
 
 

Modified PDC 
(PDC No.)a 

 
 
 

Jurisdictions 

 
2035 

Population 
Base Case 

2035 
Population 
Increased 
Density 

% 
Difference 

in 
Population 

 
Difference 
in AVMT 
(millions) 

Caroline County 36,967 28,030 24% 94 
King George County 35,861 23,830 34% 127 
Spotsylvania County and 
Fredericksburg City 

299,150 304,479 2% –52 

Stafford County 266,320 281,959 6% 215 

George 
Washington RC 
(16) 

Total 638,298 638,298 b0%, 7% 384 
Arlington County and Alexandria 
Cityc 

401,171 650,380 62% –34 

Fairfax County, Fairfax City, and 
Falls Church City 

1,615,394   2,050,129 27% –3,403 

Loudoun County 694,305 325,570 53% 2,694 
Prince William County, 
Manassas City, and  Manassas 
Park City 

773,828 458,620 41% 2,666 

Northern Virginia 
Regional 
Commission (8) 

Total 3,484,698 3,484,698 b0%, 39%  1,924 
Charles City County 8,377 7,270 13% 12 
Chesterfield County 579,255 542,786 6% 308 
Goochland County 29,070 21,280 27% 82 
Hanover County 163,176 108,010 34% 452 
Henrico County and Richmond 
City 

556,299 687,606 24% –1,111 

New Kent County 29,335 18,640 36% 113 
Powhatan County 51,039 30,960 39% 212 

Richmond 
Regional (15) 

Total 1,416,551 1,416,551 b0%, 19% 69 
Isle of Wight County 46,686 36,350 22% 109 
James City County and 
Williamsburg City 

113,127 77,660 31% 346 

Southampton County and 
Franklin City 

28,004 26,340 6% 18 

York County, Hampton City, 
Newport News City, and 
Poquoson City 

476,151 609,023 28% –1,124 

Chesapeake City, Norfolk City, 
and Portsmouth City 

600,538 549,630 8% 431 

Suffolk City 107,029 84,450 21% 153 
Virginia Beach City 689,071 677,153 2% 101 

Hampton Roads  
(23) 

Total 2,060,607 2,060,607 b0%, 13% 34 
Total AVMT Reduction in the Four PDCs 2,411d 
a PDC boundaries were modified as indicated in Table 1.  
b The regional population is unchanged by the two scenarios; thus, the regional population percentage difference is 
zero.  However, the individual jurisdiction populations differ.  For example, for George Washington RC, the 
magnitude of these differences are 8,937 (Caroline, computed as 36,967 – 28,030); 12,031 (King George); 5,329 
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(Spotsylvania and Fredericksburg); and 15,639 (Stafford), for a total of 41,936, which is about 7% of the region’s 
population of 638,298.   
c One modification to the scenario to place only one fourth of Northern Virginia’s new growth in the highest density 
jurisdiction (Alexandria plus Arlington)—and to place the remaining three fourths in the next highest density 
jurisdiction (Fairfax and Falls Church).  The reason for this change is that placing one half of the growth in 
Arlington and Alexandria would yield a density of 23,358 people/mi2 in 2035—which is technically possible but 
that would yield a density comparable to that of New York City at present.  (If this were done, Northern Virginia 
alone would see a 10.04% reduction in AVMT, which translates to a savings of 11.06 million DVMT for Northern 
Virginia.  Multiplying these 11.06 million DVMT by 365 days/year and 452.92 g / DVMT of CO2 emissions yields 
about 1.83 million metric tons of CO2 for Northern Virginia, a value higher than that shown in Table 10.) 
d The 2,411 difference represents about 3.72% of the total AVMT for these four PDCs, based on population data 
projected from NPA Data Services, Inc. (2008).  Had population data projected from the Virginia Employment 
Commission (2008) been used, the AVMT reduction would have been estimated to be 2,432, which is about 4.06% 
of the total AVMT under these scenarios. 
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APPENDIX D 
 

ASSUMPTIONS FOR THE CASE STUDY IN POLICY RESPONSE 2 
AND THE FEASIBILITY OF COMPARING ALTERNATIVES 

 
 

Assumptions for Computing Costs and Benefits 
 

Comparison of the seven alternatives for the scenario in the case study for Policy 
Response 2 requires several assumptions regarding the costs and benefits of each alternative.  
These assumptions are noted here and may vary from one specific situation to the next.   
 

• There are 250 commuting days per year.  During those commuting days, there is a 
total of 5 peak hours, with 10% of the DVMT occurring during each of those peak 
hours.  Thus, one half of the vehicle miles traveled (VMT) occurs during these 5 peak 
hours and the other one half occurs under uncongested conditions. 

 
• All capital investments have a service life of 20 years, and an annualized cost is 

determined based on this 20-year service life and a discount rate of 4%. 
 
• National data sources, such as the Environmental Protection Agency (2007) for 

estimating emissions, Sinha and Labi (2005) for estimating costs, and Evans (2004) 
for determining transit elasticity, are appropriate. 

 
• Alternative 1 (support transit-oriented demand [TOD]) assumes that the agency cost 

is the capital cost of providing bridges and lighting to make an area where existing 
transit service is available more suitable for residential development, as was noted 
elsewhere (Cottrell, 2007).  Under this alternative, eventually some persons who 
presently drive along this arterial might choose to live in the area made accessible to 
transit and use transit. 

 
• Alternative 2 (increase bus service) and Alternative 3 (reduce fares) assume that 1 

vehicle hour is required for each bus, at a cost of $108.67 (in 2007 dollars).  With 20 
passengers per bus and a $2 fare, the agency cost per rider is $3.43. 

 
• Alternative 4 (parking subsidy for carpoolers) assumes that the agency pays for 

parking ($10/day shared among three carpoolers) and that 1,000 of the 3,000 auto 
drivers are given an opportunity to participate in the subsidy program.  (As with the 
preceding alternatives, not all who are given the opportunity choose to participate.) 

 
• Alternative 5 (construction of an HOV/HOT lane allowing trucks) assumes that the 

extra lane is reversible based on peak flow, will increase speeds on that lane from 20 
to between 30 and 40 mph, and that one half of the cost will be covered by toll-paying 
users. 
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• Alternative 6 (construction of an HOV/HOT lane prohibiting trucks) assumes that the 
loss of trucks means that only 35%, rather than 50%, of the cost will be covered by 
tolls. 

 
• Alternative 7 (construct frontage roads) assumes that 8 lane miles (4 miles in each 

direction) are constructed for businesses, thereby eliminating most access points on 
the arterial, which may increase speeds by between 5 and 10 mph. 

 
 

Feasibility of Comparing Alternatives 
 
 The seven alternatives differ in fundamental ways, which precludes a decision based 
solely on cost-effectiveness of emissions reduction.   
 

• The transit-based alternatives are scaleable: they can implemented for a short period 
of time (e.g., a peak hour or just a few years), whereas the infrastructure investments 
can be purchased only in long-term (usually 20 year) increments.   

 
• The proportion of costs paid by the agency relative to users varies by alternative: the 

agency pays the full cost for the access management alternative, whereas users pay a 
substantial portion of the cost for the HOT lane alternative.   

 
• Some alternatives have benefits during off-peak periods, such as the access 

management alternative, which reduces arterial access points. 
 
• The agency generally has full authority (although not necessarily the resources) to 

implement the transit-based alternatives but not the encouragement of TOD, which 
relies on a willing private sector participant.   

 
Thus, because the alternatives have different levels of risk, there are reasons in addition 

to cost-effectiveness to consider their implementation.  That said, a cost-effectiveness 
comparison for a given situation has merit to the extent that limited resources force the 
Commonwealth to consider carefully just one goal, or a limited number of goals, and the ability 
of an alternative to achieve that goal. 
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