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Disclaimer 
 

This traffic and revenue report has been prepared for the City of Chesapeake to evaluate future 

toll increases on the Chesapeake Expressway.  The projections of traffic contained within this 

document represent Steer Davies Gleave’s best estimates.  While they are not precise forecasts, 

they do represent, in our view, a reasonable expectation for the future, based on the most 

credible information available as of the date of this report.  However, the estimates contained 

within this document necessarily rely on numerous assumptions and judgments.  Circumstances 

may occur over the timeframe of the project that go counter to these assumptions and 

judgments and that affect the project’s realized revenues. 

In addition, it has been necessary to base much of this analysis on data collected by third 

parties.  This has been independently checked whenever possible.  However, Steer Davies 

Gleave cannot guarantee the accuracy of data from third party sources. 
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1 Introduction 

1.1 The Chesapeake Expressway (“Expressway”) is a limited-access highway running 

through Chesapeake, VA from I-64 to the North Carolina state line (see Figure 1-1 

below).  The 16 mile long, four-lane freeway is designated as Virginia State Route 168.  

There is a single barrier toll plaza which, due to ramp configurations, effectively 

creates a 6-mile tolled portion between Hillcrest Road and Gallbush Road.  As shown 

in Figure 1-2, the full length of the tolled portion of the Expressway is paralleled by 

Battlefield Blvd, an untolled two-lane arterial. 

FIGURE 1-1. CHESAPEAKE EXPRESSWAY AREA MAP 

 

Source: Google Maps 
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FIGURE 1-2. CHESAPEAKE EXPRESSWAY CORRIDOR MAP 

 

Source: Google Maps 

1.2 The Expressway is used by two main types of traffic.  First, it serves commuter traffic 

from southern Chesapeake and North Carolina to Hampton Roads area employment 

locations by providing a high-speed, reliable travel route.  Second, the Expressway 

serves tourist travel to the Outer Banks of North Carolina, particularly in the summer 

peak vacation season. 

History of the Expressway 

1.3 The Expressway was opened to traffic in May of 2001.  Since opening, the Expressway 

has realized higher levels of traffic and revenue than was originally forecasted for it.  

Despite the original financing plan calling for toll rates to be increased every five 

years, the initial toll rates are still in effect.  These toll rates are presented in Table 

1-1.  One feature of the current toll schedule is the Expressway’s Commuter Discount 

Program.  By enrolling in this program, 2-axle users receive a 75% discount on tolls, 

which is currently a $1.50 discount.  All other vehicles receive the same $1.50 toll 

discount. 
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TABLE 1-1. CHESAPEAKE EXPRESSWAY TOLL RATES 

Axles Regular Toll 
Discount Program 

Toll 

2 $2.00 $0.50 

3 $3.00 $1.50 

4 $4.00 $2.50 

5 $5.00 $3.50 

6 $6.00 $4.50 

Motorcycles $0.50 N/A 

 

Original Expressway Financial Plan 

1.4 In 1999, the Chesapeake Expressway was financed as a start-up toll facility system 

with no operating revenue base.  In addition to toll revenue bonds, the plan of finance 

also included loans from the Virginia Department of Transportation (VDOT) via its Toll 

Facilities Revolving Account (TFRA), contributions from the City’s Transportation 

Urban Allocation received from VDOT, and funds made available through the 

Transportation Equity Act for the 21st Century (TEA 21).  Pursuant to agreement 

between the City and VDOT, the TFRA Loans are to be repaid by the City from toll 

revenues on a subordinate basis to the Bonds.  The City’s contribution and the VDOT 

TFRA loans (i) allowed the City to minimize its issuance of Bonds for the Expressway 

and (ii) provided bondholders with enhanced debt service coverage from net toll 

revenues. 

1.5 The Expressway’s senior lien Toll Road Revenue Bonds, Series 1999A had an original 

par amount of $21,630,000 consisting of two term bonds with coupons at 5.625%: (1) 

$7,120,000 due July 15, 2019 with mandatory redemptions from 2007 through 2019, 

and (2) $14,510,000 due July 15, 2032 with mandatory redemptions from 2020 through 

2032.  The bonds are callable starting July 15, 2009 at 101%.  Debt service on the 

Bonds is payable solely from and secured by the Net Toll Revenues derived from the 

operation of the Chesapeake Expressway.  The Series 1999A Bonds currently have a 

Moody’s rating of Baa1/Stable (upgraded on December 22, 2004 from the original 

rating of Baa2).  

1.6 As of the end of FY 2008, the principal outstanding on the Series 1999A Bonds was 

$21,245,000, the balance due on the VDOT TFRA Loans and City Contribution was 

$30,105,620, and the balance due on the Urban Allocation Loan was $38,058,346. 

Current Study 

1.7 Steer Davies Gleave (SDG) has been engaged to prepare investment grade traffic and 

revenue forecasts for the toll system of Dominion Boulevard and the Chesapeake 

Expressway.  SDG, continuing the work of CRA International, in conjunction with 

Michael Baker Corporation (Baker), previously developed preliminary traffic and 

revenue forecasts for this toll system, including the preparation of the Chesapeake 

Expressway Traffic and Finance Study.  SDG again worked with Baker to undertake this 
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assignment; the two companies have previously conducted a number of other toll 

traffic and revenue forecasting assignments together in Virginia.  The current effort 

builds upon the traffic and revenue forecasting included in Finance Study and 

interjects additional resolution and accuracy.  In particular, the current study includes 

original research from a travel survey and the use of Economic Development and 

Research Group to perform an independent review of the economic forecasts for the 

study area. 

Report Structure 

1.8 The purpose of this report is to present investment grade traffic and revenue forecasts 

for the Expressway.  This report presents our analysis, structured through seven 

chapters.  In Chapter 2 we evaluate the travel demand for the Expressway and its 

travel corridor; in Chapter 3 we present the travel survey; in Chapter 4 we review and 

discuss the appropriateness of available toll structures; in Chapter 5 we analyze the 

toll sensitivity of demand; in Chapter 6 we present our net revenue forecasts, in 

Chapter 7 we evaluate the sensitivity of the revenue forecasts; and in Chapter 8 we 

provide our recommendations. 
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2 Travel Demand Analysis 

2.1 In order to assess future demand for travel in the corridor, information about 

historical traffic on the Chesapeake Expressway and in the Hampton Roads area was 

examined in great detail.  We examined traffic characteristics on the Expressway and 

in the region as well as factors affecting toll revenues, such as discount program 

enrollment and corridor growth. 

Expressway Analysis 

2.2 Since inputs to our diversion model, discussed later, include traffic characteristics in 

the entire corridor, including the Expressway and Battlefield Boulevard, we undertook 

a thorough analysis of traffic on the Expressway, which was made possible by the 

extensive data collected on toll transactions.  This analysis is described in detail 

below. 

Revenue 

2.3 As shown in Table 2-1 below, transactions have increased every year since opening in 

2001 until the decreases in FY 2008 and FY 2009.  Transactions rebounded in 2010 with 

a 2.5% increase.  Similarly, toll revenues increased every year through FY 2007 before 

decreasing in FY 2008 and FY 2009, then increasing modestly in FY 2010. 

TABLE 2-1. HISTORICAL CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS AND 

REVENUES 

Year Toll Transactions YoY Change Toll Revenues YoY Change 

FY 2001* 481,648  $896,826  

FY 2002 3,381,391  $5,730,298  

FY 2003 3,630,217 7.4% $5,957,145 4.0% 

FY 2004 4,055,268 11.7% $6,505,485 9.2% 

FY 2005 4,256,094 5.0% $6,651,088 2.2% 

FY 2006 4,367,342 2.6% $6,709,803 0.9% 

FY 2007 4,523,548 3.6% $6,970,886 3.9% 

FY 2008 4,465,932 -1.3% $6,807,967 -2.3% 

FY 2009 4,275,071 -4.3% $6,465,168 -5.0% 

FY 2010 4,383,528 2.5% $6,622,988 2.4% 

Revenue figures are calculated based on transaction counts by payment type and vehicle class.  As a result, 

totals may not exactly match toll revenue numbers found in the city’s financial statements. 

Source: Steer Davies Gleave calculations based on traffic and revenue data provided by the Chesapeake 

Expressway 

 

2.4 Comparing the growth in transactions and revenue  from 2002 to 2010 shows that 

transaction counts had a higher compound annual growth rate (CAGR) of 3.3%, 
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compared with 1.8% for revenues.  This difference is due to the increased share of 

Expressway travelers using the discount program, and as a result paying less per 

transaction. 

2.5 Table 2-2 presents the distribution of Expressway traffic by vehicle type for 2007, the 

Expressway’s highest traffic year.  As shown in Table 2-2 below, traffic on the 

Chesapeake Expressway consists predominantly of 2-axle vehicles. 

TABLE 2-2. 2007 CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS BY VEHICLE TYPE 

 

 

 

 

 

 

 

 

Source: Steer Davies Gleave calculations based on Chesapeake Expressway toll transaction data 

Discount Program Enrollment and AVI Usage 

2.6 In order to more closely examine the decrease in revenue per transaction mentioned 

above, we examined historical AVI1 usage on the Expressway, including use of the 

Expressway’s discount program. 

As shown in Figure 2-1 below, AVI usage (both discount and non-discount) has 

increased steadily since the opening of the Expressway in 2001, with an added 

increase in non-discount AVI from the conversion of Virginia’s AVI program to EZPass in 

November 2004.  Growth in the share of discount program transactions has slowed in 

the last few years, while growth in non-discount AVI transactions has continued to 

grow rapidly.  This suggests that the discount program may be nearing saturation 

among travelers who live in or near the Chesapeake area and use the Expressway 

frequently, while E-Z Pass tags continue to become more prevalent in vehicles of 

infrequent Expressway travelers. 

 

 

                                                 

1 Electronic Toll Collection, or ETC, is generally referred to as AVI in Virginia. 

Vehicle Type Transactions Share 

Motorcycle 19,728 0.44% 

2-axle 4,305,212 95.45% 

3-axle 93,163 2.07% 

4-axle 41,864 0.93% 

5-axle 48,116 1.07% 

6-axle 1,839 0.04% 

7+ axle 207 0.00% 

Unclassified 205 0.00% 

Total 4,510,334 100.00% 
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FIGURE 2-1. YEARLY SHARE OF CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS BY 

PAYMENT TYPE 

 

*denotes partial year 

Source: Chesapeake Expressway toll transaction data 

 

2.7 The differences in AVI adoption between types of travelers can be seen more closely 

in Figure 2-2, Figure 2-3, Figure 2-4, Figure 2-5, and Figure 2-6 below.  Figure 2-2 

shows a much larger share of discount transactions on weekdays than occur on the 

weekends.  By comparing peak and off-peak season transactions, we see that cash and 

non-discount AVI transactions make up a much larger share of total transactions in the 

peak season than in the off-peak season.  When comparing between Saturdays and 

Sundays, we see that in recent years, non-AVI transactions have made up a slightly 

greater share of total transactions on Saturdays in the peak season than on Sundays, 

and a slightly greater share of total transactions on Sundays in the off-peak season 

than on Saturdays.  Similarly, non-discount AVI transactions make up a greater share 

of total transactions on Saturdays than on Sundays in the peak season, and a greater 

share of total transactions on Sundays than on Saturdays in the off peak season.   
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FIGURE 2-2 YEARLY SHARE OF CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS BY 

PAYMENT TYPE, WEEKDAY 

 

Source: Chesapeake Expressway toll transaction data 

FIGURE 2-3. YEARLY SHARE OF CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS BY 

PAYMENT TYPE, SATURDAY PEAK 

 

Source: Chesapeake Expressway toll transaction data 
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FIGURE 2-4. YEARLY SHARE OF CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS BY 

PAYMENT TYPE, SUNDAY PEAK 

 

Source: Chesapeake Expressway toll transaction data 

FIGURE 2-5. YEARLY SHARE OF CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS BY 

PAYMENT TYPE, SATURDAY OFF-PEAK 

 

Source: Chesapeake Expressway toll transaction data 
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FIGURE 2-6. YEARLY SHARE OF CHESAPEAKE EXPRESSWAY TOLL TRANSACTIONS BY 

PAYMENT TYPE, SUNDAY OFF-PEAK 

 

Source: Chesapeake Expressway toll transaction data 

2.8 Based on the total number of discount program enrollments and the total number of 

discount program transactions, we determined that the average number of monthly 

transactions per discount program enrollee is twelve, meaning the average enrollee 

saves nearly fifteen dollars per month by participating in the program. 

Seasonality 

2.9 As shown in Figure 2-7 below, weekday traffic on the Chesapeake Expressway remains 
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and a small, spread-out peak in the summer travel season.  Weekend traffic, however, 

experiences a very large sustained peak throughout the summer.  For this analysis, the 
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between May 16 and May 22.  In 2009, Saturday and Sunday daily traffic were each 

approximately five to six times higher at their respective peaks than at their lowest 

points.  This extreme seasonality in weekend traffic is due to the large portion of 

Expressway traffic that is bound for the Outer Banks of North Carolina, which consists 

almost exclusively of vacationers.   
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FIGURE 2-7. 2009 CHESAPEAKE EXPRESSWAY DAILY TRAFFIC BY DAY OF WEEK AND 

DATE 

 

Source: Chesapeake Expressway toll transaction data 

 

2.10 To help understand the effect of seasonality on revenue, we calculated the total 
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peak days, as presented in Figure 2-8 below.  This table further illustrates the high 
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0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

1
/5

1
/1

9

2
/2

2
/1

6

3
/2

3
/1

6

3
/3

0

4
/1

3

4
/2

7

5
/1

1

5
/2

5

6
/8

6
/2

2

7
/6

7
/2

0

8
/3

8
/1

7

8
/3

1

9
/1

4

9
/2

8

1
0

/1
2

1
0

/2
6

1
1

/9

1
1

/2
3

1
2

/7

1
2

/2
1

D
a

il
y 

T
ra

ff
ic

Wednesday

Saturday

Sunday



Draft Chesapeake Expressway Investment Grade Traffic & Revenue Study 

12                                            CONFIDENTIAL                               DRAFT REPORT     

FIGURE 2-8. HISTORICAL CHESAPEAKE EXPRESSWAY TOLL REVENUES BY DAY TYPE 

 

Source: Steer Davies Gleave calculations based on traffic and revenue data provided by the Chesapeake 

Expressway 

Time of Day 

2.11 Figure 2-9 shows average one-hour traffic counts by time of day and day of week for 

the Expressway’s highest traffic year, 2007.  The figure shows that weekday traffic 

peaks in the morning between 6:00 and 8:00, and in the evening between 4:00 and 

6:00.  The time of day pattern for the weekend is different, with traffic increasing 

during the morning and then decreasing throughout the afternoon. 
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FIGURE 2-9. AVERAGE 2007 DAILY 1-HOUR TRAFFIC COUNTS BY SEASON, DAY OF 

WEEK, AND TIME OF DAY, CHESAPEAKE EXPRESSWAY 

 

Source: Chesapeake Expressway toll transaction data 

Regional Analysis 

2.12 In addition to our analysis of traffic on the Expressway, we closely examined traffic 

and socioeconomic trends in the Hampton Roads region, as well as those in 

northeastern North Carolina.  The region-focused analysis is discussed in detail below. 

Seasonality 

2.13 Similar to our evaluation of the seasonal nature of Expressway traffic, we reviewed 

the seasonal distribution of traffic throughout the Hampton Roads region as presented 
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count stations by day, the figure illustrates that there is much less seasonal variation 

for the region than exists for the Expressway, with only a small sustained peak during 

the late spring and summer.  Additionally, there is generally more traffic throughout 

the region on weekdays than on weekends, which is not the case on the Expressway.  

Note that, although the sum of traffic counts is shown, the magnitude of the traffic 

counts shown is much less important than the variation in counts by time of year and 

the differences in counts between days. 

FIGURE 2-10. SUM OF 2007 TRAFFIC COUNTS BY DAY OF WEEK AND DATE, 

HAMPTON ROADS DISTRICT PERMANENT COUNT STATIONS 

 

Source: Steer Davies Gleave calculations based on Virginia Department of Transportation traffic count data. 

Time of Day 

2.14 By showing the total vehicle counts across all VDOT count stations in the Hampton 

Roads district by 15-minute interval for April 25, 2007, Figure 2-11 below displays the 

time of day distribution of traffic from a typical weekday in 2007 for the Hampton 

Roads District.  When this figure is compared with Figure 2-4, we see that peaking in 

the region as a whole is sharper than that on the Expressway.  This difference is due 

to vacationers making up a much larger portion of traffic on the Expressway than in 

the entire Hampton Roads region.  As with Figure 2-10, the magnitude of the traffic 

counts shown is much less important than the variation in counts. 
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FIGURE 2-11. APRIL 25, 2007 TRAFFIC COUNTS BY TIME OF DAY, HAMPTON ROADS 

DISTRICT 

 

Source: Virginia Department of Transportation traffic count data 

Corridor Growth 

2.15 The growth of travel on the Expressway will be impacted by the growth of the nearby 
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TABLE 2-3. BATTLEFIELD BOULEVARD ANNUAL TRAFFIC AND GROWTH 

Year AADT YoY Growth 

2000 18,000  

2001 20,000 11.1% 

2002 20,000 0.0% 

2003 21,000 5.0% 

2004 22,000 4.8% 

2005 23,000 4.5% 

2006 23,000 0.0% 

2007 24,000 4.3% 

2008 23,000 -4.2% 

2009 24,000 4.3% 

CAGR 3.2% 

Source: Virginia Department of Transportation traffic count data 

Population and Tourism 

2.18 Population growth is a key indicator of growth in travel demand.  While the 

Expressway is located in Chesapeake, Currituck County in North Carolina borders 

Chesapeake, and its residents contribute to Expressway travel.  For this reason, we 

examined population forecasts for Currituck County from a number of sources.  

Additionally, since the Expressway is a key segment in many trips to the Outer Banks 

of North Carolina, with a significant portion of Expressway traffic traveling to or from 

the Outer Banks in the summer, we considered recent tourism trends in the Outer 

Banks area. 

Chesapeake  

We collected and analyzed historical and future projections of City of Chesapeake 

population.  Chesapeake experienced 2.8% annual population growth between 1990 

and 2000, and 1.8% annual population growth between 2000 and 2005, according to US 

Census statistics.  We collected future population projections from two sources: 1) 

State Data Center of the Virginia Employment Commission, and 3)Moody’s Analytics 

(economy.com).2  Figure 2-12 presents these projections which reflect annual growth 

between 1.1% and 1.4%.   

                                                 

2See State Data Center forecasts at 

http://www.alex.vec.virginia.gov/lmi/data/population/popproj.xls,  and Moody’s Analytics 

forecasts at http://economy.com 
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FIGURE 2-12. CITY OF CHESAPEAKE HISTORICAL AND FUTURE PROJECTED 

POPULATION 

 

Source: Steer Davies Gleave, US Census, Virginia State Data Center, Federal Reserve Bank of Richmond, 

economy.com 

Currituck County, NC 

2.19 Currituck is a North Carolina county located south of Chesapeake, whose residents 

contribute a significant portion of Expressway travel. In 2004, Currituck was ranked 

the second-fastest growing county in North Carolina.  This growth is due in part to 

affordable housing and low taxes, making this area particularly attractive to those 

commuting to Hampton Roads., Reflecting the proceeding growth, Currituck County’s 

Land Use Plan includes annual growth forecasts ranging from 1.9% to 3.3% (low and 

high growth scenarios) between 2000 and 2025.  Since 2006, population growth in 

Currituck has slowed somewhat.  In total, Currituck County’s population has grown 

from 18,182 in 2000 to 24,216 in 2009.3 This represents compounded annual growth of 

3.2% for the entire period, with a CAGR of 4.7% from 2000 to 2005 followed by a CAGR 

of 1.5% from 2005 to 2009. 

2.20 Recent population projections prepared by Moody’s Analytics (economy.com)4 reflect 

the recent trend and forecast Currituck County population to grow on average 1.9% 

                                                 

3 According to US  Census data and estimates, found at 

http://quickfacts.census.gov/qfd/states/37/37053.html, last checked October 27, 2010. 

4 See Moody’s Analytics at http:www.economy.com 
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per year for the next 30 years.  Taking into consideration statewide growth trends in 

North Carolina and nearby counties in Virginia (based on their respective state 

demographers’ projections), US and regional GDP trends and projections (Bureau of 

Economic Analysis and Congressional Budget Office), and a review of supply 

characteristics, EDRG found these forecasts to be reasonable in the mid to long-term, 

and made revisions to the near term projections.  The average annual growth rates of 

these forecasts indicate that steady population growth should continue in Currituck 

County, as indicated by the average annual growth rates for each five-year period 

displayed in Table 2-4.  

TABLE 2-4 CURRITUCK COUNTY HISTORICAL AND FUTURE PROJECTED POPULATION 

Year Population Growth Rate 

2000 18,182  

2005 22,857 4.7% 

2010 24,890 1.7% 

2015 27,346 1.9% 

2020 30,237 2.0% 

2025 33,135 1.8% 

2030 36,017 1.7% 

2035 38,903 1.6% 

 

Source: Economic Development and Research Group 

Outer Banks Seasonal 

2.21 Due to the large share of Expressway users traveling to and from the Outer Banks of 

North Carolina, we examined recent trends in visitors to a number of Outer Banks 

attractions, as well as forecasts of future summer seasonal population levels. 

According to a study conducted for the Outer Banks Visitors Bureau5, 59% of visitors 

traveling to the Outer Banks originate from locations to the north, and are therefore 

likely to use the Chesapeake Expressway / Battlefield Boulevard corridor. 

2.22 Figure 2-13 below shows that after peaking in 2002, total visitors to the top four Outer 

Banks attractions declined significantly after 2003, and then remained relatively 

constant through 2006, before increasing in 2007.  It is important to note that 

                                                 

5 Outer Banks Visitors Bureau, Visitor Research Wave 4 – 2006, September 2006 
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Hurricane Isabel caused significant damage in the Outer Banks area in September 

2003, contributing to the reduced traffic seen in the following years.  

FIGURE 2-13. AVERAGE 2001-2007 ANNUAL VISITORS TO SELECTED OUTER BANKS 

ATTRACTIONS 

 

Source: Outer Banks Visitors Bureau 

2.23 Figure 2-14 below illustrates the seasonal distribution of visitors to the top four Outer 

Banks attractions.  Not surprisingly, tourism in the Outer Banks is heavily skewed 

toward the summer season, with approximately eight times as many visitors on 

average in the peak month (July) as in the slowest month (February). 
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FIGURE 2-14. AVERAGE 2000-2008 MONTHLY VISITORS TO SELECTED OUTER BANKS 

ATTRACTIONS 

 

Source: Outer Banks Visitors Bureau 
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TABLE 2-5 CURRITUCK COUNTY SEASONAL POPULATION PROJECTIONS 

Year Vacation Houses 
New Houses 

added 

Persons per 

House 

Seasonal 

Population 

2000 3,393 874 7 23,751 

2005 4,267 312 7 29,869 

2010 4,579 250 7 32,053 

2015 4,829 250 7 33,803 

2020 5,079 250 7 35,553 

2025 5,329 250 7 37,303 

2030 5,579 250 7 39,053 

2035 5,829  7 40,803 

Source: Economic Development and Research Group 

 

2.25 In the Dare County Draft Land Use Plan, seasonal population is calculated using a ratio 

of permanent / seasonal population.  EDRG applied a similar approach using their 

outlook on Dare County permanent population.  The resulting Dare County seasonal 

population projections are presented in Table 2-6.  Table 2-7 combines the Currituck 

and Dare County seasonal population projections and shows the long-term growth of 

Outer Banks seasonal population to average slightly more than 1% per year. 
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TABLE 2-6 DARE COUNTY SEASONAL POPULATION PROJECTIONS 

Year 
Permanent 

Population 

Ratio    Permanent / 

Seasonal 

Estimated Seasonal 

Population 

2000 30,176 6.67 201,274 

2005 33,659 6.67 224,506 

2010 34,918 6.67 232,904 

2015 36,881 6.67 245,999 

2020 39,095 6.67 260,766 

2025 41,342 6.67 275,753 

2030 43,681 6.67 291,351 

2035 45,936 6.67 306,390 

Source: Economic Development and Research Group 

TABLE 2-7 COMBINED OUTER BANKS SEASONAL POPULATION PROJECTIONS  

Year 

Currituck County 

Seasonal 

Population 

Dare County 

Seasonal 

Population 

Combined Outer 

Banks Seasonal 

Population 

CAGR 

2000 23,751 201,274 225,025  

2005 29,869 224,506 254,375 2.5% 

2010 32,053 232,904 264,957 0.8% 

2015 33,803 245,999 279,802 1.1% 

2020 35,553 260,766 296,319 1.2% 

2025 37,303 275,753 313,056 1.1% 

2030 39,053 291,351 330,404 1.1% 

2035 40,803 306,390 347,193 1.0% 

Source: Economic Development and Research Group 
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Travel Demand Summary 

2.26 Through our review of the travel demand for the Expressway and its travel corridor, 

we identified several key findings summarized below.  We relied upon these findings 

and other analysis in the development of our Expressway forecasting model. 

I The Expressway’s traffic and revenue has grown since opening, but there was a 

decrease in traffic and revenue in 2008 and 2009, consistent with what has been 

observed on many other highways and toll roads in the US. 

I Growth in the share of trips made by discount program travelers has slowed down, 

but the share of trips made by AVI users continues to grow. 

I Expressway traffic on weekday and weekend days have different profiles: 

� Weekend days exhibit large seasonal effects; 

� Weekdays have little seasonality with increased traffic in the AM and PM peak 

periods, but not nearly as pronounced peak periods compared to the Hampton 

Roads region as a whole. 

I The weekend peak season accounts for roughly 25% of the Expressway’s revenues 

despite only representing 10% of the days. 

I The socioeconomic forecasts suggest modest growth levels for the locations likely 

to impact corridor growth. 
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3 Travel Survey 

Introduction 

3.1 SDG conducted a behavioral survey to develop data and forecasting model inputs 

needed for the traffic and revenue study.  This chapter discusses the work done in this 

area.  The first part describes the survey goals, administration and results; including 

sample socio-economic profiles, respondents’ behavioral characteristics and trip 

statistics.  The second part focuses on the quantitative behavioral analysis of road 

travelers and derives values of time to be used in the modeling, based on both stated 

preferences from the survey and on observed (revealed) market behaviors. 

3.2 Travel survey and analysis work covered both the Dominion Boulevard and the 

Chesapeake Expressway.  Because of commonalities in the approach and method used 

to develop and analyze data for the two roadways, on occasion the discussion here 

will of necessity refer to both. 

3.3 More complete details regarding the survey work and analysis can be found in 

Appendix B to this report. 

Travel Surveys 

3.4 In order to provide additional behavioral information on the markets served by 

Dominion Boulevard and the Expressway and to establish key forecasting parameters – 

such as willingness to pay and vehicle occupancy - a behavioral and trip pattern survey 

was conducted by Steer Davies Gleave. 

3.5 The goals of the behavioral and trip pattern survey were as follows: 

i) To collect trip pattern information in the markets served by the roads under 

investigation and gain insight on road user profiles 

ii) To quantify driving behavior and route choice decision-making to obtain an 

understanding of driving behavior in the region 

iii) To collect value of time information based on stated preference scenarios  

iv) To gain insight into how people make choices between using a toll road and 

alternative untolled routes based on revealed preferences and on attitudinal 

questions 

3.6 SDG prepared a revealed preference (RP) and stated preference (SP) survey 

questionnaire that was administered through an online survey to selected panels of 

respondents. 

Recruitment 

3.7 Respondents consisted either of travelers intercepted on the roadway during the 

survey period (April 2010), or of residents in the study area who had used the roadway 

in the previous 6 months.  Respondents were recruited using the following methods: 
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i) Internet market research panel of residents 

ii) Direct email to EZ-Pass customers enrolled in the Chesapeake Discount program 

iii) Direct intercept at the Expressway main toll plaza  

iv) Direct intercept on Dominion Boulevard 

v) Email to people in the Outer Banks Visitor’s Bureau mailing database 

Sampling Plan 

3.8 SDG set a target of 1,250 returns or complete questionnaires, a very large sample that 

enable detailed segmentations of road users6. One main questionnaire was designed 

and customized for each road and for different segments within each market.  

Questionnaires collected detailed data on trip purpose, income categories, and 

attitudinal statements, to allow further segmentation. 

3.9 For the Chesapeake Expressway, the questionnaire was customized by market 

segments, allowing different behaviors and value of time sensitivity for each group: 

I  Chesapeake Expressway users enrolled in the discount program and paying a toll of 

$0.50 per trip, segmenting for commuting and non-commuting trips, 

I  Chesapeake Expressway users paying the full $2 toll; segmenting for leisure trips 

(including Outer Banks visitors) and work related trips. 

3.10 Travelers were recruited using several methods: 1) a pre-recruited market research 

panel of residents, 2) intercepts conducted on the road inviting travelers to take the 

online survey by means of postcard invitation, and 3) direct emailing to road users, as 

follows: 

I Households were recruited in the City of Norfolk, City of Virginia Beach and City of 

Chesapeake (VA);, and in the counties of Camden, Currituck, Pasquotank and 

Perquimans (NC).  Households were screened based on having taken a trip on the 

subject roadways in the past 6 months. 

I Postcard invitations to enter the online survey were given out on Dominion 

Boulevard at a signalized intersection.  Approximately 8,000 postcards were handed 

out at traffic lights on Dominion during the month of April 2010. 

I Postcard invitations to enter the online survey were given out at the Chesapeake 

Expressway toll plaza.  Approximately 7,000 postcards were handed out at the toll 

plaza during April 2010. 

I Emails inviting respondents to enter the online survey were sent to Chesapeake 

Expressway discount program members.  Approximately 5,000 email invitations 

were sent to Chesapeake Discount Program enrolled customers in April 2010. 

                                                 

6 Representative sample sizes are achieved with a minimum of 150 to 200 respondents for each 

segment of the population under investigation  
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I To increase the sample size of leisure travelers, emails were also sent to the Outer 

Banks Visitor Bureau database.  About 10,000 emails were sent. 

Questionnaire Contents 

3.11 The survey instrument was designed to collect data on trips made on the study roads, 

travelers’ knowledge of alternatives to the study roads, price sensitivity, perceptions 

of congestion and perception of differences in travel time, attitudes about 

transportation issues such as congestion and tolling, and relevant socioeconomic data. 

3.12 The questionnaire was 20 minutes in length, with about 50 questions per respondent, 

including screener questions and the choice exercise.  It was structured as follows: 

i) Questions about trips in the last 6 months by Origin-Destination areas and 

purpose 

ii) Detailed questions about a typical recent trip including: 

Trip purpose, time and day 

Route used (time, toll cost) 

Next best alternative route (time, toll cost) 

Travel party, who paid, payment method. 

iii) Stated Preference exercise (10 trade-off questions) 

iv) Attitudinal questions about travel choices and changes over time in travel 

behavior 

v) Socio-economic questions (income, occupational status, monthly expenditure on 

gas and tolls) 

3.13 The stated preference (SP) exercise was included with a view to collect value-of-time 

information for the corridor. In the exercise, respondents were offered choices 

between alternative routes – one route which was slower and untolled vs. a faster 

route with a toll. In addition to time and cost, the type of road (limited access 

expressway or highway with signalized intersections) for each route was varied in the 

SP design.  Respondents were asked to make the trade-offs necessary to choose 

between the two alternatives in the context of a typical trip on the road they had 

earlier described. 

Sample Profile 

3.14 The total number of respondents was 1,933, as displayed in Table 3-1. All targets for 

each recruiting method were exceeded. 
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TABLE 3-1. SURVEY RESPONSE RATE  

Chesapeake survey Outgo Target 
Assumed 

Incidence 

Actual 

Incidence 
Completes 

1.0 Online panels of residents 3,050 500 11% 10.8% 556 

2.1 Chesapeake Expressway toll 

booth postcards 
7,000 500 3% 2.9% 200 

2.2 Dominion Boulevard postcards 8,000   6.1% 488 

3.1 Chesapeake Expressway 

discount program emails 
5,000 250 5% 13.1% 657 

3.2 Outer Banks Visitor Bureau 

emails 
10,000 N/A N/A 0.3% 32 

Total  1,250   1,933 

 

3.15 The total number of Chesapeake Expressway respondents was 1,013 ; composed as 

follows: 

i) Chesapeake Expressway Discount Users: N=558 

ii) Chesapeake Expressway Full Toll Users: N=455 

Respondents’ Profile 

3.16 Profile data for both the Chesapeake Expressway and the Dominion Boulevard markets 

are presented here. The Chesapeake market is further segmented into 2 sub-markets: 

discount users and the full toll users.   

3.17 The estimated median household income in 2009 was $67,8827 (it was $48,705 in the 

2000 Census) for the Virginia Beach-Norfolk-Newport News Metropolitan Statistical 

Area (MSA).  

3.18 Figure 3-1 presents the income distribution for the three markets under investigation.  

Note that our results are not directly comparable to Census data as they come from a 

sample of road users.  

3.19 Figure 3-2 presents the employment status for each market. Figure 3-3 shows with 

more details the breakdown by trip purpose of the three markets under investigation. 

                                                 

7 http://virginiascan.yesvirginia.org/CommunityProfiles/Profiles/MSA47260.  
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FIGURE 3-1. SAMPLE INCOME DISTRIBUTION 

 

 

FIGURE 3-2. SAMPLE EMPLOYMENT STATUS 
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FIGURE 3-3. TRIP PURPOSE 

 

3.20 Table 3-2 presents a comparison of key indicators across the three markets. 

3.21 Chesapeake Expressway discount users report lower vehicle occupancy (1.66 persons 
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TABLE 3-2. KEY TRIP STATISTICS 

Key Statistics 
Chesapeake 
Expressway - 
Discount Toll 

Chesapeake 
Expressway - 
Full Toll 

Dominion 
Boulevard 

Mean vehicle occupancy 1.66 2.40 1.61 

Average expenditure in the last 30 days on 
tolls 

$24 $15 $10 

Average expenditure in the last 30 days on 
fuel 

$176 $132 $155 

Average inbound travel time (min) 96 min 215 min 82 min 

Median inbound travel time (min) 60 min 135 min 45 min 

% of trips starting on a weekday 84.1% 60.4% 78.4% 

% of trips commuting to or from work 39.6% 4.8% 36.3% 

% of respondents always choosing the toll 
road 

24.7% 23.5% 3.9% 

% of respondents always choosing the 
alternate free road 

2.9% 18.5% 29.6% 

% of respondents who report more than 
two trips per month 

80.5% 13.4% 65.3% 

Trip started in North Carolina 56.3% 14.9% 20.8% 

Trip started Virginia 40.0% 64.6% 72.5% 

Residence in North Carolina 56.3% 13.8% 22.7% 

Residence in Virginia 42.5% 65.3% 74.1% 

 

3.26 Table 3-3 provides a more detailed trip travel time distribution from the sample of 

respondents. 50% of the trips made by discount users on the Expressway were less than 

60 minutes in duration, while the median travel time for full toll users is more than 

twice as much (135 minutes). The larger mean travel times (reported in Table 3-2) 

imply that there are a few longer trips that drive the average upward. 
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TABLE 3-3.TRAVEL TIME DISTRIBUTION IN MINUTES 

Sample cumulative 
distribution of inbound 

travel time (min)  

Chesapeake 
Expressway - 
Discount Toll 

Chesapeake 
Expressway - 
Full Toll 

Dominion 
Boulevard 

5% 25 30 15 

25% 45 90 30 

50% 60 135 45 

75% 110 300 75 

90% 200 500 165 

95% 300 720 300 

 

3.27 The survey also asked a number of travel-related attitudinal questions to obtain an 

understanding of driving behavior in the region and to gain insight into users’ profiles.  

Detailed results and discussion are provided in Appendix B, and salient results 

regarding Chesapeake expressway users are summarized below. 

3.28 Expressway discount users show the most familiarity with the local road networks. 

While almost all of the discount users are aware of alternatives to the tolled 

Expressway (more than 80% report that they would use Battlefield Boulevard), more 

than 30% of the full toll users are unaware of alternates to the tolled Expressway. This 

captive market is to be taken into account when estimating the shares of the current 

Expressway market that can be diverted to the alternate free road. Also, the fact that 

almost a third of the full toll users didn’t know of any alternative road to the 

Chesapeake Expressway suggests a large ‘captive’ market. 

3.29 Although both markets tend to have similar levels of positive agreement to the 

statements on regularly reviewing household spending on driving costs and on looking 

for ways to economize, they have different reactions to statements about toll 

avoidance: Expressway discount users generally prefer to get to their destination as 

quickly as possible, even if it costs more in tolls, while Expressway full toll users are 

more likely than discount users to avoid tolls even when the risk of arriving late is 

higher. 

3.30 The vast majority of Chesapeake users paid tolls out of their own pocket. Even 

discount users didn’t report employer-paid tolls as much as might have been 

expected. 

3.31 Finally, the overall evaluation of each road by its respective users shows that while 

90% of Chesapeake Expressway discount users generally consider the roadway to be 

good or better, more than 25% of the full toll users consider the roadway to be 

average, poor or very poor. 
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Route Choice and Value of Time 

3.32 The present section presents a quantitative analysis of the survey data.  It describes 

the stated preference data and the route choice models that were developed to 

derive value of time distributions. It analyzes revealed preferences to obtain value of 

time distributions that are anchored in reality for use in the modeling work.  

Stated Preference Data 

3.33 The multiple choice scenarios for each survey respondent (10 trade-off choices) 

described in the previous section made it possible to estimate market level values of 

time based on stated preferences when faced with varying travel time and cost. The 

stated preference choices were first modeled using a binary logit model, a 

probabilistic model based on random utility theory. Choice models were estimated 

that reflect the key variables influencing the choice of toll road for a trip: the trip’s 

out-of-pocket cost difference (toll amount only8) and travel time difference.  

3.34 The estimated values of time by market segment, while internally consistent, were 

quite low.  Implied values of time were on average $5.50/hr and $2.20/hr on the 

Expressway for full toll and discount users respectively. These values were not 

satisfactory as they differ considerably from the exhibited behavior of Expressway 

traffic.  Further segmentations by income, trip purpose and origin-destination, while 

consistent, did not display expected variations. 

3.35 The Chesapeake Expressway market is not typical of other US road markets. In most 

American metropolitan areas, commuters and work-related travelers exhibit 

statistically significant higher values of time than travelers with other trip purposes. 

However, this is not necessarily the case on the Chesapeake Expressway, where high 

income travelers are more likely to have a higher value of time while traveling for 

leisure than for their regular commuting trips. Many of these leisure travelers use the 

road for travel to a vacation destination, and paying the toll is a non-significant 

expense relative to the overall vacation cost.  Similarly, leisure trips on the 

Expressway may originate from higher income groups while commuting trips may 

originate from slightly lower income categories, further explaining disparities in the 

value-of-time ranges by income and trip purpose. Even considering all income 

categories together, leisure trips on the Expressway are often long distance trips 

where the cost of staying on the main highway is relatively small compared with the 

total trip cost, so even lower income leisure trips may well display similar patterns 

with higher VOT while on vacation than during regular commuting trips. 

3.36 As a result, it was decided to base market segmentation on the value of time 

distribution itself (with different segments corresponding to different quantiles of the 

distribution), rather than on other variables in the data.  We estimated mixed logit 

models for this purpose. 

                                                 

8 Auto operating cost and fuel cost were not modeled as they do not vary significantly between 

a toll road and an untolled alternative road of similar length, and so do not affect the choice 

between the two.  
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3.37 The ordinary logit model is a special case of the mixed logit model, the latter being 

much more general and flexible: among other things, it allows estimation of 

individual-level parameter values.  

Logit:
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3.38 Figure 3-4, Figure 3-5, and Figure 3-6 show the distribution of the value of time for 

Chesapeake Expressway discount users, Chesapeake Expressway full toll internal-

external trips (originating or ending in Virginia), and Chesapeake Expressway full toll 

external trips (trips going through Virginia), respectively. 

3.39 Chesapeake Expressway full toll internal-external trips (trips originating or ending in 

Virginia) have - on average - lower VOTs than Chesapeake Expressway full toll external 

trips. Chesapeake discount median VOT is much lower than full toll medians. 

3.40 In terms of variability within market segments, the Chesapeake full toll users display 

much larger VOT variations than the Chesapeake discount users. This shows that there 

are broad taste variations among Chesapeake Expressway full toll users; whereas 

Chesapeake Expressway discount users – mostly locals to the area – show fewer 

variations within their distribution. 

FIGURE 3-4. DISTRIBUTION OF VALUE-OF-TIME (SP DATA) FOR CHESAPEAKE 

DISCOUNT USERS 
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FIGURE 3-5. DISTRIBUTION OF VALUE-OF-TIME (SP DATA) FOR CHESAPEAKE FULL 

TOLL USERS (INTERNAL – EXTERNAL TRIPS) 

 

FIGURE 3-6. DISTRIBUTION OF VALUE-OF-TIME (SP DATA) FOR CHESAPEAKE FULL 

TOLL USERS (EXTERNAL TRIPS) 
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quartiles of interest. These SP values of time are internally consistent and the 
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than Chesapeake discount trips. Again, these variations and differences confirm a 

priori beliefs and expectations of these markets.  

TABLE 3-4. STATED PREFERENCE VALUE OF TIME DISTRIBUTION ($/HR) 

Quartile Chesapeake 

 
Discount Full Toll 

25% $4 $13 

Median (50%) $6 $21 

75% $19 $45 

95% $20 $65 

 

3.42 Chesapeake discount users show lower values of time than might have been expected 

from similar markets, while the Chesapeake Expressway full toll distribution seem, on 

the other hand, rather high.  

3.43 More specifically, the median VOTs of $6/hrs for Chesapeake discount users is below 

what is generally observed across the country. As a rule of thumb in transport studies, 

it is common practice to estimate VOT as a percentage of the hourly wage.  Although 

there has been a wide range of estimates, many published surveys have found travel 

time values around 50% of the wage rate (Small, 1992; Walters, 1992; Lam and Small, 

2000). The mean hourly earnings for full-time and part-time workers in Virginia Beach-

Norfolk-Newport News (VA-NC) as of July 2009 was $18.00/hr9. Thus, based on this 

method, a value of time of around $9/hr would have been expected for this market.  

3.44 On the other hand, the VOT inferred from the stated preference survey for the 

Chesapeake Expressway full toll users are quite high, with median values as high as 

$20/hr and $39/hr for Internal-External trips and External trips, respectively.  

3.45 Therefore, although these SP values of time make sense and are consistent within and 

across markets, they are nonetheless at odds with industry rules of thumb. For this 

reason we supplemented the stated preference results with an analysis of revealed 

preference data. The section below provides a summary of our analysis. 

Revealed Preference Data 

3.46 It was decided to investigate observed VOTs in the area and to compare them with the 

stated values obtained through the survey (Table 3-4). The Chesapeake Expressway 

corridor provides users a choice between toll and untolled facilities.  

                                                 

9 Bureau of Labor Statistics, http://www.bls.gov/ro3/ncsvb.htm Table 1. Civilian workers: Mean 

hourly earnings for full-time and part-time workers, Virginia Beach-Norfolk-Newport News, VA-

NC, July 2009 
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3.47 In general terms, travel time differences between the Expressway and its untolled 

alternative road - Battlefield Boulevard - were estimated. By comparing these travel 

time differences with the cost difference incurred by using the Expressway, estimates 

of travelers’ willingness to pay to save time on these roads were obtained. 

3.48 To this end, travel times were collected at different times of day on each route, 

between 6am and 6pm. Differences of up to 5 minutes were observed in the 

northbound direction in the peak hour (at 8am), while on average and across a typical 

week-day, the travel time difference between the untolled and toll road was 2-3 

minutes. 

Traffic counts 

3.49 Traffic count data was also obtained for the study area. Counts were conducted on 

weekdays in the spring of 2010 on Battlefield Boulevard before Indian Creek Road.  For 

the Chesapeake Expressway, transaction information was used. 

3.50 Volumes on each competing route were compared. Figure 3-7 shows the volumes on a 

typical week-day. 

FIGURE 3-7. HOURLY VOLUMES ON THE CHESAPEAKE EXPRESSWAY AND ON 

BATTLEFIELD BOULEVARD 

 

 

Note: Average on 4 consecutive weekdays (Tuesday to Friday) of hourly traffic taken from 4/13/2010 to 

4/16/2010 (Chesapeake) and 4/20/2010 to 4/23/2010 (Battlefield) 

3.51 The market share of the Chesapeake Expressway was computed from this data, as 

shown in Figure 3-8 below. 

0

100

200

300

400

500

600

700

800

900

H
o

u
rl

y
 V

o
lu

m
e

Northbound

0

100

200

300

400

500

600

700

800

900

H
o

u
rl

y
 V

o
lu

m
e

Southbound

0

H
o

u
rl

y
 

V
o

lu
m

e

Time of day

Battlefield Boulvard Chesapeake Expressway



Draft Chesapeake Expressway Investment Grade Traffic & Revenue Study 

CONFIDENTIAL                                              DRAFT REPORT    37 

FIGURE 3-8. CHESAPEAKE EXPRESSWAY MARKET SHARE 
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values are consistent and more anchored in reality than stated values as they reflect 
actual behaviors. In general, the scales of the values of time based on the RP data are 

more realistic, as they are based on people’s actual route choices.  

TABLE 3-5. MEDIAN REVEALED PREFERENCE VOT ON THE CHESAPEAKE EXPRESSWAY 

($/HR) 

Median RP VOT on the Chesapeake Expressway ($/hr) 

Discount toll 

users ($0.50 

toll) 

Full toll users 

Assuming the full 

$2.00 toll goes 

toward travel time 

savings 

Full toll users  

Assuming a $0.90 

freeway bias and a 

$1.10 effective 

toll 

$9.60 $32.10 $12.50 

 

Values of Travel Time for Modeling 

3.56 It was decided for modeling purposes to combine aspects of the values of time derived 

from the two data sources to develop the final values of time for use in the modeling. 

This was done by rescaling the distributions of individual values of time obtained from 

the SP analysis so that the adjusted distributions would have the same scale as the RP 

value of time estimates. 

3.57 The Chesapeake Expressway discount users RP value of time ($9.60/hr, in Table 3-5) is 

50% higher than the SP values ($6.30/hr, in  Table 3-4). These results are consistent 

with the literature on the topic, with SP VOTs typically lower than RP VOTs. 

Accordingly, the discount users median values were scaled-up by a factor of 50% to 

match the revealed median value of time. The final values of time for 4 quartiles are 

presented in Table 3-6. 

3.58 Concerning the full toll users, the RP median value of time ($12.50/hr) when using a 

freeway bias is 40% lower than the median SP value ($21/hr). Hence, the median 

values obtained from the SP for each group (Internals-Externals and Externals) were 

high: $20/hr and $39/hr for Internals-Externals and Externals, respectively. 

Nevertheless, they did not take into account the bias toward freeway that was 

included in the revealed value of time of $12.50/hr. In fact, when the freeway bias is 

not included, the value of time derived from the revealed data, $32/hr, is of the same 

order of magnitude than the SP values. It is believed that full toll users favor freeways 

for attributes that are not captured by travel time savings, and the SP values of time 

were scaled down to the RP values that take into account the freeway bias. As a 

result, the median SP value of each distribution (I-E and EE) for full toll users were 

scaled down by 40% to match the revealed median. This scaling reflects the freeway 

bias underlying full toll users preference for freeways. While this scaling was 

appropriate for the median SP values (and the SP values below the medians), this 

scaling does not necessarily hold for VOT values above the median, as segments of the 
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population with higher VOTs may exhibit a higher freeway bias. As a result, a more 

conservative scaling scheme was adopted for SP values above the median VOT. More 

specifically, SP values were scaled down by 45% and 50% in the I-E cases, and by 50% 

and 55% in the EE cases.  

3.59 Table 3-6 shows the values of time for quartiles after scaling the stated preference 

VOT distribution to the median revealed preference VOT. Table 3-6 was derived by 

scaling the VOT distribution obtained with the SP data (Table 3-4) to the median VOT 

obtained with the RP data (Table 3-5).  

TABLE 3-6. RP VALUE-OF-TIME FOR QUARTILES ($/HR) 

Quartile Discount Toll 
Full 

Toll IE 

Full 

Toll EE 

25% $7 $8 $8 

Median 50% $10 $12 $23 

75% $29 $24 $37 

95% $31 $31 $39 

 

3.60 Table 3-7 shows the same VOT distributions, but this time reflecting the median VOT 

for 4 equal groups representing each 25% of the population. 



Draft Chesapeake Expressway Investment Grade Traffic & Revenue Study 

40                                            CONFIDENTIAL                               DRAFT REPORT     

TABLE 3-7. FINAL VALUE OF TIME DISTRIBUTION FOR MODELING ($/HR) 

Group 

Percentage 

of the 

population 

Chesapeake 

Discount  

VOT (/hr) 

Chesapeake 

Full Toll 

Internals / 

Externals 

VOT (/hr) 

Chesapeake 

Full Toll 

Externals 

VOT (/hr) 

1 25% $5.60 $5.20 $6.50 

2 25% $7.70 $10.00 $12.50 

3 25% $14.00 $16.50 $29.60 

4 25% $30.20 $30.60 $38.50 

 

Conclusions 

3.61 Values of time for modeling are recommended based on consideration of both RP and 

SP data.  These values of time have the same scale as the RP values of time but the 

distribution and the relative values of time for different road types are taken from the 

SP data.  Market segments used in modeling can be defined in terms of quantiles of 

this distribution rather than by reference to exogenous characteristics.  

3.62 Drivers show considerable sensitivity to the cost of tolls, mentioning their desire to 

avoid tolls as an important reason for using the Expressway less over the last year.  

The attitudinal data suggests that the majority of drivers have a high sensitivity to 

price.  Toll avoidance is stated as a high priority, although in reality revealed 

preference studies show that it is not as clear whether this is the case.   

3.63 The revealed preference choice modeling produced higher values of time than those 

suggested by the stated preference choice data for the Chesapeake discount users.  

Two reasons may explain the lower stated values of time: actual underestimation of 

one’s willingness to pay; and policy bias, with road users deliberately answering in a 

way that they think will avoid an untolled road becoming tolled or to keep tolls from 

increasing.  

3.64 Evidence from other recent studies in the US has shown similar results: RP values of 

time tend to be higher than SP values of time drawn from the same sample. The 

values of time produced by the present survey are within the range of values produced 

by other studies using similar data sources. 

3.65 Although SP VOTs differ from RP VOTs, SP VOT distributions can be extracted and used 

in the analysis. Median VOTs have been inferred from observed choices of current 

Chesapeake Expressway users and the SP VOT distributions were scaled to the actual 

choices more closely.  
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4 Toll Schedule Candidates 

4.1 When the Expressway was built, simple toll structures prevailed in the industry.  Most 

toll schedules varied toll rates by the number of axles, with some additionally offering 

discounts to commuters using electronic toll collection (ETC, AVI in Virginia).  Since 

the opening of the Expressway, the increasing popularity of ETC is providing toll 

operators additional options for varying toll rates.  Now there are several toll roads 

that vary rates by time of day, and some, such as the I-15 Express Lanes, have toll 

rates that change based upon the level of traffic congestion.  This trend makes more 

candidate toll structures available to the Expressway. 

4.2 From our discussions with Expressway staff, we have learned that the Expressway’s 

Commuter Discount Program has been a source of confusion for some travelers. This 

confusion stems from an enrollment process that requires first opening an E-ZPass 

account through Virginia Department of Transportation, and then registering the 

E-ZPass transponder in the Chesapeake Expressway Discount Program.  As part of this 

project, we set out to explore the possibility of removing the enrollment requirement 

of the discount program.   

4.3 In this chapter, we discuss the candidate toll schedules that we considered in the 

study. 

Candidate Structures  

4.4 With the increasing use of ETC, and travelers’ increasing familiarity with rates that 

vary by certain attributes, there are new candidate toll structures available for use by 

the Expressway.  In the following paragraphs, we describe structures that we consider 

reasonable alternatives to the existing structure. 

Structure 1: Constant Toll Rates with Discount Program 

4.5 The first structure is the structure currently used on the Expressway.  It includes a 

single toll rate for travelers enrolled in the discount program and another for travelers 

paying by cash or AVI but not enrolled in the discount program.  

Structure 2: Constant Toll Rates with Discount Program to all AVI users 

4.6 Due to the confusion associated with enrollment in the Expressway’s discount 

program, we identified an alternate toll structure that would remove the enrollment 

requirement and instead charge the discounted toll rate to all AVI users. 

Structure 3: Vary Toll Rates between Weekday and Weekend by Season 

4.7 Another candidate toll structure would be to vary the toll rate by season between 

weekday and weekends  (defined as Saturdays and Sundays only).  As presented in our 

travel demand discussion, the Expressway experiences its highest demand during the 

summer weekend days.  This candidate toll structure would modify the existing 

structure by setting the toll rate during the summer weekend at a higher level than for 

weekdays and weekends during the off-peak season. 
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Structure 4: Vary Toll Rates between Weekday and Weekend by Season and Time 

of Day 

4.8 This candidate toll structure would further diverge from the existing structure by also 

varying the toll rate by the time of day.  This type of toll schedule is used for many 

toll roads that serve heavy traffic during peak periods to both increase revenue and 

help manage traffic congestion since the higher toll level may incentive some 

customers to travel during the off-peak period when toll rates are lower.  This toll 

structure would thus have toll rates that vary by time of day for weekdays, and 

another set of toll rates during the summer weekend days, potentially further splitting 

weekend days into peak and off-peak time periods with higher tolls during the peak 

period. 

Discussion of Structures 

4.9 In order to limit the number of toll alternatives that we evaluated with the forecasting 

model, we first assessed the merits of each candidate toll structure.   

4.10 Structure 1 has the advantage of being familiar to Expressway travelers and is 

relatively straightforward, with the possible exception of the requirement to enroll in 

the discount program.   

4.11 Structure 2 would remove the confusion associated with enrollment in the discount 

program, but would likely do so by lowering the toll revenue because under this 

structure, all travelers who use AVI would receive the discounted tolls.  To establish a 

frame of reference, we reviewed the details of several other frequent use toll 

discount programs.  While several types of discount programs exist, such as 

carpooling, green, and senior citizen discounts, we focused on discounts offered to 

ETC users and commuters.  We compiled the findings of our review in Table 4-1 with 

columns presenting information about the magnitude of ETC discount, commuter 

discount, and the requirements of the commuter discount program.  As the table 

indicates, both forms of discount are currently offered by toll organizations.  

However, the commuter programs generally provide a larger discount, closer to the 

discount provided by the Expressway’s program.  The majority of the referenced 

commuter programs require enrollment in the program, and several of them require 

the customer to purchase a specific amount of trips and use them within a specific 

time period.   
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TABLE 4-1. ETC AND FREQUENT USE DISCOUNT PROGRAMS 

System 
ETC discount 

(vs Cash) 
Frequent ETC Use 

Discount 
Frequent ETC Use  

Requirements 

George P. Coleman 
Bridge 

yes; for commuters 58% off cash rate minimum 3 trips per 90 days 

Dulles Greenway on some exits 
discount starts at 5% 

rebate 

increasing rebate with minimum 
200 trips over 12 months; program 

enrollment required 

The Maryland  
Transportation 

Authority 
No 60-85% off cash rate 

requires 25 trips within 60 days; 
enrollment required 

Delaware River Bay  
Authority 

No 67-75% off cash rate 

75% off requires 25 trips during 30 
day period & 67% off requires 20 

trips during 90 day period; 
enrollment required 

Delaware River Port  
Authority 

No 
$12 credit (10-15% off 

cash rate) 
minimum of 18 trips per month; 

enrollment required 

South Jersey 
Transportation 

Authority 
No 

From -30% to -40% off 
the ETC/Cash rate  

minimum 30 trips over 35-day 
timeframe; enrollment required 

New Jersey Turnpike 
25% off for ETC use 
in off-peak periods; 
enrollment required 

No  

Port Authority of New 
York and New 

Jersey 

25% off for ETC use 
in off-peak period 

50% off cash rate for 
select bridges 

minimum 20 trips over 35 day 
period (tolls only collected in one-

direction); enrollment required 

Tappan Zee Bridge No 50% off cash rate 
minimum 20 trips per month; 

enrollment required 

New York State 
Bridge Authority 

No 50% off cash rate 
minimum 17 trips per month; 

enrollment required 

Massachusetts 
Turnpike Authority 

from 7% to 33% off 
the Cash Toll cost for 

eastern segment 
No  

Illinois Tollway 
50% off Cash Toll 

rates 
No  

The Toll Roads  
(Orange County, CA) 

from 15% to 30% off 
the cash toll 

No  

Florida’s Turnpike ~20% off cash rate No  

Source: Steer Davies Gleave 
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4.12 Our review of other toll road frequent use discount programs indicates that it is a 

standard procedure to require enrollment in the program with some upfront 

payment.10  So in this regard, the Expressway’s existing discount program approach is 

within the industry norm and would not seem to require a structural change.  While 

implementation of Structure 2 would simplify the administration of the discount, there 

would likely be a significant revenue impact as only the most toll-sensitive travelers 

would switch from Battlefield to the Expressway, while the revenue from all current 

AVI non-discount users would be reduced substantially.  For this reason, we eliminated 

Structure 2 from further consideration. 

4.13 Given the large amount of Outer Banks vacation traffic served by the Expressway, 

Structure 3 appears to be a promising tolling approach.  As discussed in Chapter 2, 

weekends during the peak season account for roughly 25% of the Expressway’s annual 

revenue despite constituting less than 10% of total days.  A facility with this usage 

pattern is ideal for a tolling approach like Structure 3 which would impose a higher 

toll during this high demand period. 

4.14 Structure 4 would be the logical extension of Structure 3 for facilities that also have 

weekday peak periods with high demand.  But despite the high peak period weekday 

demand of the overall Hampton Roads region, the Expressway does not appear to have 

sufficient demand during the peak periods to justify higher toll levels.  A further 

argument against using Structure 4 is that it would counter the effects of the toll 

discount of which many weekday peak travelers take advantage. 

4.15 In summary, we recommend considering toll alternatives that follow the Structure 3 

framework with higher toll rates for weekend days during the summer peak period. 

                                                 

10 Generally in the form of purchase of a given number of trips to be used over a set period of 

time. 
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5 Toll Rate Sensitivity 

5.1 We performed toll sensitivity analyses to determine the toll structure and rates 

required to produce the desired stream of toll revenue.  We developed a route choice 

model to evaluate Chesapeake Expressway demand, and used it to evaluate toll 

sensitivity for years 2010, 2020, and 2030. 

Description of Route Choice Model  

5.2 To develop the traffic and revenue forecasts, we required a model capable of 

accurately representing traffic conditions on the Expressway and forecasting future 

traffic levels under different conditions, including adjustments to toll rates.  We 

originally planned to adapt the HRPDC regional travel demand model to serve as the 

forecasting tool.  But after a careful review of the HRPDC model, we decided to 

develop a new route choice model for this study.  There were two reasons for this 

decision: 1) the Expressway is located at the edge of the HRPDC model network, which 

means that the Expressway trips will be represented in the model as external trips and 

not based on HRPDC socioeconomic forecasts, and 2) the primary toll decision of 

potential Expressway travelers is between the tolled portion of the Expressway and 

the six-mile stretch of parallel Battlefield Boulevard, and the HRPDC’s highway 

assignment approach would require significant adaptation to accurately predict the 

trips on each facility.  Instead of using the HRPDC model, we developed a 

spreadsheet-based route choice model that implemented the route choice decision in 

a logit model framework.   

5.3 While developing the route choice model, we drew upon attributes of the HRPDC 

model and integrated characteristics of travel demand determined during our analysis 

and presented in Chapter 2.  To support the inclusion of HRPDC model characteristics, 

we adapted the HRPDC model for several model years, and relied on it to provide 

inputs to and guidance in the development of our route choice model. 

5.4 In the following paragraphs, we present highlights of the major components of the 

model; please see Appendix A for additional details on the route choice model. 

Limitations of Route Choice Model 

5.5 The spreadsheet format afforded us greater flexibility in representing the route choice 

decision while providing an efficient way to evaluate many toll alternatives.  However, 

there are limitations to the route choice model we developed:  As we represent 

traveler’s decisions as a choice between using the Expressway or Battlefield 

Boulevard, we do not fully capture how some future travel patterns may change.  This 

is particularly important with consideration of US 17.  For Outer Banks travelers, US 17 

is an alternate route with a significantly longer travel time than the Expressway.  

While the travelers we represent in our model have already exhibited their preference 

for the Expressway or Battlefield Boulevard, a large enough toll increase could cause 

some of them to switch to the US 17 alternative.  In order to reflect this situation, we 

have limited the maximum toll rate that we will evaluate on the Expressway, capping 
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the toll at $5 in 2000 dollars.  This corresponds to the conversion of the 20 minute 

additional travel time on US 17 into an equivalent cost, using a representative average 

value of time of $15 / hour per vehicle.  It is worth noting that the HRPDC model 

would not be able to account for the route choice decision between the 

Expressway/Battlefield Boulevard and US 17 either, because these routes are 

represented as separate external stations. 

Route Choice Model 

5.6 A route choice model is a common approach used to forecast toll facility demand.  It 

predicts the fraction of users who would select a particular route from among a set of 

candidate choices, given the characteristics of the users and of the different routes in 

the choice set.  We used a binary logit model to predict the share of travelers that 

would choose the Expressway or Battlefield Boulevard, given those two options.  Our 

route choice model uses the following specification. 
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5.8 As can be inferred from the model specification, there are several key parameters 

used in the route choice model.  The Value of Time (VOT) is the monetary equivalent 

of a unit of time spent traveling.  Research has found that VOTs vary based upon the 

purpose of travel, and accordingly we altered VOTs used in the model by trip purpose 

and by income level.  Correspondingly, we segmented trips by willingness to pay using 

four sets of values of time that are each applied to 25% of corridor travelers.  Based 
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upon our analysis of stated preference and revealed preference data, we used the 

VOTs displayed in Table 5-1 (also displayed in Table 3-7) in the route choice model. 

TABLE 5-1. ROUTE CHOICE MODEL VALUES OF TIME 

Group Discount Toll Full Toll I-I/I-E Full Toll E-E 

1 $5.60 $5.20 $6.50 

2 $7.70 $10.00 $12.50 

3 $14.00 $16.50 $29.60 

4 $30.20 $30.60 $38.50 

Source: Steer Davies Gleave 

5.9 The Vehicle Operating Cost (VOC) is used to convert travel distance into cost terms, 

and we used a $0.13 / mile (2000 $) VOC parameter which is consistent with the 

HRPDC model.  The Freeway Bias parameter is intended to represent the benefit that 

travelers place on using a freeway (the Expressway) instead of an arterial (Battlefield 

Boulevard).  This bias reflects both the greater travel time reliability of freeways and 

the preference of unfamiliar travelers to use freeways.  For weekend peak travelers 

with one trip end in the Hampton Roads region, we set this parameter at $1.20, and 

for travelers external to the region, we set the parameter at $1.80 (2000 $) to reflect 

their greater unfamiliarity with the Battlefield Boulevard arterial. 

5.10 Recognizing the distinct travel characteristics identified in Chapter 2, we developed 

the route choice model to separately evaluate different travel periods and to account 

for different trip purposes.  Specifically, we developed the model with three distinct 

types of travel days: weekdays, summer weekends, and off-peak weekends.  For the 

purposes of this study, we have defined weekends as Saturdays and Sundays only, and 

the summer peak season as the 17 week period starting each year on the Monday 

between May 16 and May 22.  For weekdays, we further separated the model into four 

analysis time periods: AM peak, Mid-day, PM peak, and Nighttime.  We preserved some 

consistency with the HRPDC model’s trip purpose breakdown by maintaining the Home 

Based Work (HBW) and Home Based Other (HBO) trip purposes for internal-internal 

trips.  We further tried to capture the differences between these trip purposes by 

adding the segmentation to internal-external / external-internal trips.  We maintained 

external-external trips as their own purpose. 

5.11 We included two features in our model to account for traffic congestion.  First, we 

recognized that there are travelers who may use portions of Battlefield Boulevard but 

are unable to use the Expressway because of the Expressway ramps.  We pre-loaded 

this background traffic, as predicted by the HRPDC model, onto Battlefield Boulevard.  

Second, we iteratively ran the route choice model and updated route travel times on 

the Expressway and Battlefield Boulevard to reflect the forecast traffic levels.  We 

updated the travel time of each route based on its predicted traffic volume and using 

the corresponding HRPDC volume-delay curves which we refined based on observed 
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traffic volumes and travel times.  We checked for convergence by comparing the 

updated travel times to a weighted average of the prior iterations’ travel times.  If 

the process had not converged, it continued to the next iteration, computing the 

volume on each route by running the route choice model with the updated travel 

times. 

5.12 To improve the accuracy of the travel time calculation, we developed free-flow travel 

times from travel time data that was collected during weekdays in March and April 

2010. 

5.13 For each analysis year, the combined traffic level on the two routes is the primary 

input to the route choice model.  We developed the base year levels of combined 

traffic for each forecast period by processing disaggregate VDOT traffic count data for 

Battlefield Boulevard and the Expressway’s traffic data.  For future analysis years, we 

established growth levels to input into the model based on our travel demand analysis 

presented in Chapter 2.  These annual growth rates varied between 1% and 2%, with 

the smaller rates occurring further into the future. 

Results 

5.14 In order to examine the sensitivity of toll revenues to changes in the toll schedule, we 

calculated toll revenues for each day type (weekday, weekend peak, and weekend off-

peak) using a range of discount and non-discount toll rates for fiscal years 2020 and 

2030.  The results of this sensitivity analysis are described in detail below. 

2020 Toll Rate Sensitivity Analysis 

5.15 Examining sensitivity to toll rates in the year 2020, we find that weekday and weekend 

off-peak toll revenues reach maximum values near non-discount 2-axle tolls of $3-4 

and $4-5 respectively; at those points, toll revenues are highest when discount tolls 

are a 50-75% of non-discount tolls (see Figure 5-1 and Figure 5-3 below).  Figure 5-2 

shows that weekend peak toll revenues rise as tolls rise throughout the range of non-

discount tolls that was deemed reasonable for the year 2020.  For all day types, the 

number of transactions is inversely related to the toll rates, with changes in the ratio 

of discount tolls to non-discount tolls generally having the greatest impact on 

weekdays and off-peak weekends. 
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FIGURE 5-1. 2020 WEEKDAY TOLL RATE SENSITIVITY RESULTS 

 
Source: Steer Davies Gleave 

FIGURE 5-2. 2020 WEEKEND PEAK TOLL RATE SENSITIVITY RESULTS 

 
Source: Steer Davies Gleave 
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FIGURE 5-3. 2020 WEEKEND OFF-PEAK TOLL RATE SENSITIVITY RESULTS 

 

Source: Steer Davies Gleave 

2030 Toll Rate Sensitivity Analysis 
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FIGURE 5-4. 2030 WEEKDAY TOLL RATE SENSITIVITY RESULTS 

 
Source: Steer Davies Gleave 

FIGURE 5-5. 2030 WEEKEND PEAK TOLL RATE SENSITIVITY RESULTS 
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Source: Steer Davies Gleave 

FIGURE 5-6. 2030 WEEKEND OFF-PEAK TOLL RATE SENSITIVITY RESULTS 

 

Source: Steer Davies Gleave 
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6  Revenue Forecasts 

6.1 Using the toll sensitivity results as a guide, we prepared revenue forecasts.  This 

chapter describes the methodology we employed to convert the route choice model 

outputs into a gross revenue stream.   

Traffic and Revenue Forecasts 

6.2 We used the route choice model to forecast Expressway traffic for each year from 

2011 through 2035.  As described above, traffic forecasts were prepared for each 

Expressway vehicle payment type (Discount AVI, Non-Discount AVI, and Non-AVI) and 

day type (weekday, weekend peak, weekend off-peak).  We then converted the traffic 

forecasts into toll revenue by multiplying the average toll rate for the corresponding 

payment and day type.  After we computed toll transaction revenues for each 

payment type-day type combination, we aggregated revenues by day type.  We then 

computed annual toll revenue by multiplying the total toll transaction revenue of each 

day type by the number of days of that type in a year.  We then summed the revenue 

values to obtain the total annual toll transaction revenue.  We annualized the number 

of toll transactions in the same manner. 

6.3 We then calculated the discount program enrollment revenue by dividing the total 

number of annual discount transactions by the average number of annual transactions 

per discount program enrollee and multiplying the resulting value by the discount 

program annual enrollment fee.  We added this to the toll transaction revenue to 

obtain the total annual revenue. 

6.4 Using the toll sensitivity results described in Chapter 4, we identified the 

recommended toll rates.  As we established the toll schedule, we used three guiding 

principles: 

1. Cash tolls remain in whole dollar increments.  This principle will keep the 

Expressway’s operations simpler, especially for toll collectors. 

2. Discount program tolls set at 50% of cash tolls.   

3. Tolls for vehicles with more than 2 axles are applied on a per axle basis 

calculated from the 2-axle toll rate.  The one exception is for more than 2 axles 

discount users, who will continue to receive the same discount as 2-axle 

discount users. 

6.5 Table 6-1 presents the 2-axle toll rate schedule.  The same toll rates are charged to 

motorcycles, while the toll rates are increased proportionally by the number of axles 

above 2.  Table 6-2 presents the forecasted gross revenue schedule.   
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TABLE 6-1 RECOMMENDED 2-AXLE TOLL RATE SCHEDULE 

 Weekend Peak Season Weekend Off-Peak Season Weekday 

Year Cash 
Discount 
Program 

Cash 
Discount 
Program 

Cash 
Discount 
Program 

2011 $5.00 $2.50 $3.00 $1.50 $3.00 $1.50 

2012 $6.00 $3.00 $3.00 $1.50 $3.00 $1.50 

2013 $6.00 $3.00 $3.00 $1.50 $3.00 $1.50 

2014 $6.00 $3.00 $3.00 $1.50 $3.00 $1.50 

2015 $8.00 $4.00 $4.00 $2.00 $3.00 $1.50 

2016 $8.00 $4.00 $4.00 $2.00 $3.00 $1.50 

2017 $8.00 $4.00 $4.00 $2.00 $3.00 $1.50 

2018 $8.00 $4.00 $4.00 $2.00 $3.00 $1.50 

2019 $8.00 $4.00 $4.00 $2.00 $3.00 $1.50 

2020 $9.00 $4.50 $5.00 $2.50 $3.00 $1.50 

2021 $9.00 $4.50 $5.00 $2.50 $3.00 $1.50 

2022 $9.00 $4.50 $5.00 $2.50 $4.00 $2.00 

2023 $9.00 $4.50 $5.00 $2.50 $4.00 $2.00 

2024 $9.00 $4.50 $5.00 $2.50 $4.00 $2.00 

2025 $10.00 $5.00 $6.00 $3.00 $4.00 $2.00 

2026 $10.00 $5.00 $6.00 $3.00 $4.00 $2.00 

2027 $10.00 $5.00 $6.00 $3.00 $4.00 $2.00 

2028 $10.00 $5.00 $6.00 $3.00 $4.00 $2.00 

2029 $10.00 $5.00 $6.00 $3.00 $4.00 $2.00 

2030 $11.00 $5.50 $8.00 $4.00 $4.00 $2.00 

2031 $11.00 $5.50 $8.00 $4.00 $5.00 $2.50 

2032 $11.00 $5.50 $8.00 $4.00 $5.00 $2.50 

2033 $11.00 $5.50 $8.00 $4.00 $5.00 $2.50 

2034 $11.00 $5.50 $8.00 $4.00 $5.00 $2.50 

2035 $11.00 $5.50 $8.00 $4.00 $5.00 $2.50 

Source: Steer Davies Gleave 
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TABLE 6-2 FORECASTED REVENUE SCHEDULE (FUTURE YEAR DOLLARS) 

Year Gross Toll Revenue 
2011 $9,601,875  

2012 $10,246,086  

2013 $10,770,365  

2014 $11,309,534  

2015 $12,326,911  

2016 $12,993,795  

2017 $13,675,374  

2018 $14,371,377  

2019 $15,081,837  

2020 $16,160,791  

2021 $16,848,975  

2022 $17,622,525  

2023 $18,438,379  

2024 $19,274,446  

2025 $20,584,493  

2026 $21,420,417  

2027 $22,275,649  

2028 $23,151,101  

2029 $24,047,496  

2030 $25,585,152  

2031 $26,596,382  

2032 $27,669,887  

2033 $28,771,857  

2034 $29,903,522  

2035 $31,066,023  

Source: Steer Davies Gleave 

6.6 A major impact of increasing toll rates on the Expressway will be diversion of traffic 

onto Battlefield Boulevard.  Table 6-3 presents the level of service (LOS) along 

Battlefield Boulevard, first for 2009 prior to the toll change, and then after the toll 

increase in 2011, 2020 and 2030.  The table shows that for weekdays, the toll increase 

(change from 2009 to 2011) will lead to the LOS decreasing from D to E southbound 

during the PM peak period, while remaining at LOS C on average throughout the day.  

During the 17 peak summer Saturdays, the LOS will drop from D to F during the peak 

period (4 hours of late morning / early afternoon), and from C to D for the day on 

average due to the toll increase.  There will be a further deterioration of the daily LOS 

to E by 2020.  During off-peak Saturdays, the LOS decrease due to the toll increase 

will be from C to D during the peak period and B to C for the day on average.   
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TABLE 6-3. BATTLEFIELD BOULEVARD FORECASTED LEVEL OF SERVICE, 

SOUTHBOUND 

Year 

Weekday Peak Season Saturday 
Off-Peak Season 

Saturday 

PM Peak 

Hour 
Daily Peak Hour Daily Peak Hour Daily 

2009 
LOS D C D C C B 

Traffic 603 6,060 675 6,006 594 5,290 

2011 
LOS E C F D D C 

Traffic 803 8,241 1,272 11,320 737 6,555 

2020 
LOS D C F E E C 

Traffic 761 8,343 1,498 13,329 881 7,842 

2030 
LOS E D F E F D 

Traffic 828 9,836 1,581 14,075 1,056 9,399 

Source: Steer Davies Gleave 

6.7 Since Battlefield Boulevard traffic levels will be an indication of the levels of diversion 

due to the toll increase, they should be monitored, in conjunction with Expressway 

traffic, to gauge the response to the toll change.  This will be particularly important 

following the 2011 toll increase since this will be the first toll increase for the 

Expressway, and will provide Expressway users’ first revealed response to toll change. 
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7 Forecast Sensitivity Analysis 

7.1 Forecasting traffic and revenue levels can be a difficult exercise where reality does 

not always materialize as expected.  The current downturn in the economy and 

concerns about fuel price increases further increase the uncertainty associated with 

traffic and revenue forecasts.  We conducted a forecast sensitivity analysis to better 

understand the impact of such events.   

Identification of Sensitivity Scenarios 

7.2 We identified five major uncertainty concerns and combined them into eight 

sensitivity scenarios.  The concerns are: 1) economic downturn, 2) high fuel prices, 3) 

unexpected corridor growth levels, 4) willingness to pay at higher toll rates, and 5) 

performance of Battlefield Boulevard if a large amount of diversion occurs.   

Economic Downturn 

7.3 According to the National Bureau of Economic Research, the US economy has officially 

been in a recession since December 2007.  As the Expressway serves a high leisure 

segment which travels to the Outer Banks, it may be susceptible to a traffic decrease 

because of less travelers journeying to the Outer Banks. 

High Fuel Prices 

7.4 While fuel prices have returned to lower price levels after the high prices of summer 

2008, some expect future fuel prices to be similar to those of that summer.  Based 

upon the decrease in travel corresponding to the high fuel prices of early 2008, new 

research into short-term fuel price elasticity is now being undertaken.  But in absence 

of findings from the new research, there have been informal calculations indicating 

that freeway and toll road traffic has decreased about 5%.11   

Unexpected Corridor Growth Levels 

7.5 We established the levels of corridor growth in the model to reflect the socioeconomic 

forecasts of nearby areas.  It is not uncommon for actual socioeconomic growth to 

materialize at a different rate than forecasted.  While we included moderate corridor 

growth rates, it would not be extraordinary for the actual corridor growth to occur at 

either higher or lower levels than we represent in the model. 

Performance of Battlefield Boulevard at Higher Traffic Levels 

7.6 Higher Expressway toll rates will cause vehicles to divert to Battlefield Boulevard.  

While we analyzed existing traffic volumes and the corresponding travel times along 

Battlefield Boulevard in order to establish a volume-delay relationship for Battlefield 

Boulevard, there were a limited number of observations of high traffic volumes.  We 

established a Battlefield Boulevard volume-delay relationship that fits the data well, 

                                                 

11 For example, please see http://www.tollroadsnews.com/node/3767 
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however if large volumes of traffic are diverted to Battlefield Boulevard, the actual 

travel times may evolve differently than the current relationship predicts. 

Willingness to Pay at Higher Toll Rates 

7.7 We conducted stated preference surveys and revealed preference analysis to identify 

values of time that reflect travelers’ willingness to pay a toll to save travel time.  

However, the Expressway presents an interesting case.  Many of the travelers who use 

the Expressway during the peak summer season are not aware of the Battlefield 

Boulevard alternative and pay the full toll on the Expressway even though it provides 

only a modest travel time savings, demonstrating a large value of time.  This raises 

the question of whether these travelers will change their behavior after the toll is 

increased.  There may be a toll rate that acts as a tipping point, causing more of the 

out-of-region travelers to learn about and use Battlefield Boulevard.  Their new 

behavior may then represent a new, lower value of time, even if the travel time 

increases on Battlefield Boulevard due to the diverted traffic. 

Sensitivity Scenarios 

7.8 We developed eight sensitivity scenarios to combine these concerns: 

1. 5% Traffic Decrease – this scenario represents the situation in which the 

combination of uncertainty concerns combine to produce a relatively small 

decrease in travel demand. 

2. 10% Traffic Decrease – this scenario represents the situation in which the 

combination of uncertainty concerns combine to produce a moderate decrease 

in travel demand. 

3. 25% Traffic Decrease – this scenario represents the situation in which the 

combination of uncertainty concerns combine to produce a large decrease in 

travel demand. 

4. 5% Traffic Increase – this scenario represents the situation in which 

unexpected corridor growth produces a relatively small increase in travel 

demand. 

5. 10% Traffic Increase – this scenario represents the situation in which 

unexpected corridor growth produces a moderate increase in travel demand. 

6. 25% Traffic Increase – this scenario represents the situation in which 

unexpected corridor growth produces a large increase in travel demand. 

7. High VOT Scenario: this scenario considers the situation where travelers’ 

values of time, representing their willingness to pay tolls, are 25% higher than 

in the base scenario. 

8. Low VOT Scenario: this scenario considers the situation where travelers’ 

values of time, representing their willingness to pay tolls, are 25% lower than 

in the base scenario. 
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FIGURE 7-1. CHANGE IN DAILY EXPR

Source: Steer Davies Gleave

FIGURE 7-2. CHANGE IN DAILY EXPR

Source: Steer Davies Gleave

5% Traffic Decrease

7.10 In this scenario, we examined the impacts of a 5% decrease in traffic.  In order to 

implement this scenario, we decreased the number of total trips on the 

Expressway/Battlefield corridor by 5% in each of the years examined.
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Figure 7-2 present the results of the sensitivity testing, comparing the 

traffic and revenue forecasts against the recommended toll schedule 

evenue forecasts for the corresponding year.  In the following paragraphs, we discuss 

the results of each sensitivity scenario. 

CHANGE IN DAILY EXPRESSWAY TRAFFIC FOR SENSITIVITY SCENARIOS

Source: Steer Davies Gleave 

CHANGE IN DAILY EXPRESSWAY REVENUE FOR SENSITIVITY SCEN

Source: Steer Davies Gleave 

5% Traffic Decrease 

In this scenario, we examined the impacts of a 5% decrease in traffic.  In order to 

implement this scenario, we decreased the number of total trips on the 

Expressway/Battlefield corridor by 5% in each of the years examined. 
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the results of the sensitivity testing, comparing the 

recommended toll schedule 

he corresponding year.  In the following paragraphs, we discuss 
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FOR SENSITIVITY SCENARIOS 

 

In this scenario, we examined the impacts of a 5% decrease in traffic.  In order to 

implement this scenario, we decreased the number of total trips on the 
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7.11 Figure 7-1 shows that with this modest decrease in trips, traffic levels would decrease 

by 9% in both forecast years. The 9% decrease in traffic on the Expressway is greater 

than the overall 5% reduction in traffic because as traffic volumes are reduced the 

time savings of using the Expressway are also reduced so drivers will be less likely to 

pay to use the Expressway and may instead use Battlefield Boulevard.    

7.12 Figure 7-2 shows a corresponding revenue decrease of 11% in both forecast years. The 

11% reduction in revenue is greater than the 9% reduction in Expressway traffic 

because a higher percentage of non-discount users than discount users will switch to 

Battlefield Boulevard.   

10% Traffic Decrease 

7.13 In this scenario, we examined the impacts of a 10% decrease in traffic.  In order to 

implement this scenario, we decreased the number of total trips on the 

Expressway/Battlefield corridor by 10% in each of the years examined. 

7.14 Figure 7-1 shows that with this decrease in trips, Expressway traffic levels decrease by 

17%.  Figure 7-2 shows that Expressway revenues decrease by 21-22%. As seen in the 

5% traffic decrease scenario, the 17% reduction in traffic on the Expressway is greater 

than the overall 10% reduction in traffic because of reduced time savings and the 21-

22% reduction in revenue is greater than the 17% reduction in traffic because a larger 

proportion of non-discount users will switch to Battlefield Boulevard. 

25% Traffic Decrease 

7.15 In this scenario, we examined the impacts of a 25% decrease in traffic.  In order to 

implement this scenario, we decreased the number of total trips on the 

Expressway/Battlefield corridor by 25% in each of the years examined. 

7.16 Figure 7-1 shows that with this decrease in trips, Expressway traffic levels decrease by 

40%.  Figure 7-2 shows that Expressway revenues decrease by 48-49% lower than the 

reference case. As seen in the other traffic decrease scenarios, the 40% reduction in 

traffic on the Expressway is greater than the overall 25% reduction in traffic because 

of reduced time savings and the 48-49% reduction in revenue is greater than the 40% 

reduction in traffic because a larger proportion of non-discount users will switch to 

Battlefield Boulevard. 

5% Traffic Increase 

7.17 In this scenario, we examined the impacts of a 5% increase in traffic.  In order to 

implement this scenario, we increased the number of total trips on the 

Expressway/Battlefield corridor by 5% in each of the years examined. 

7.18 Figure 7-1 shows that with this increase in trips, Expressway traffic levels increase by 

9%.  Figure 7-2 shows that revenues would be 12% higher than the reference case.  

Comparing this scenario with the 5% traffic decrease scenario, we see that increasing 

total corridor traffic by 5% had an impact on Expressway traffic that was similar in 

magnitude to decreasing traffic by 5%.  As with the traffic reduction scenarios the 

magnitude of the change in revenue is greater than the change in traffic because more 

corridor traffic causes higher volumes on Battlefield, and as Battlefield becomes more 
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congested, the time savings offered by the Expressway become more attractive to 

drivers. 

10% Traffic Increase 

7.19 In this scenario, we examined the impacts of a 10% increase in traffic.  In order to 

implement this scenario, we increased the number of total trips on the 

Expressway/Battlefield corridor by 10% in each of the years examined. 

7.20 Figure 7-1 shows that with this increase in trips, Expressway traffic levels increase by 

19% in 2020 and 2030.  Figure 7-2 shows that revenues would also be 24% higher than 

the reference case in both forecast years.  Comparing this scenario with the 10% 

traffic decrease scenario, we see that increasing total corridor traffic by 10% had an 

impact on Expressway traffic that was larger in magnitude than decreasing traffic by 

10%.  This is because more corridor traffic causes higher volumes on Battlefield, and 

as Battlefield becomes more congested and reach the capacity of the road, the time 

savings offered by the Expressway become more attractive to drivers. 

25% Traffic Increase 

7.21 In this scenario, we examined the impacts of a 25% increase in traffic.  In order to 

implement this scenario, we increased the number of total trips on the 

Expressway/Battlefield corridor by 25% in each of the years examined. 

7.22 Figure 7-1 shows that with this increase in trips, Expressway traffic levels increase by 

52-53% in 2020 and 2030.  Figure 7-2 shows that revenues would also be 67-68% higher 

than the reference case in both forecast years.  Comparing this scenario with the 25% 

traffic decrease scenario, we see that increasing total corridor traffic by 25% had an 

impact on Expressway traffic that was larger in magnitude than decreasing traffic by 

25%.  This is because more corridor traffic causes higher volumes on Battlefield, and 

as Battlefield becomes more congested and reach the capacity of the road, the time 

savings offered by the Expressway become more attractive to drivers. 

Low VOT Scenario 

7.23 The Low VOT scenario reflects the case where the base model overstates travelers’ 

willingness to pay a toll to use the Expressway.  This scenario reflects that situation 

where the VOTs identified from the SP and RP data overstate actual VOTs by 25%. A 

review of VOT surveys found VOTs as high as 72% of the gross wage rate and others 

with VOTs as low as 20%.  As our VOT estimates are around the middle of that range, a 

25% decrease in VOTs is a possibility.   

7.24 We implemented the Low VOT scenario by decreasing VOTs for all travel segments by 

25%.  The results in Figure 7-2 show substantial decreases in revenue of 11% for 2020 

and 2030.  

High VOT Scenario 

7.25 The High VOT scenario reflects the case where the base model underestimates 

travelers’ willingness to pay a toll to use Dominion Boulevard. This scenario could 

occur if current VOTs, or the rate at which they will grow in the future, were 

underestimated. As discussed in Chapter 4, direct stated preference survey results, 
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before being combined with revealed preference data, provided lower VOTs for 

discount users than would have been expected from industry rules of thumb.  Possible 

reasons include underestimation of one’s own willingness to pay or policy bias.  While 

we utilized revealed preference data to bring the discount users VOTs in line with the 

common practice of estimating the mean VOT as 50% of the mean wage rate, it is 

possible that our VOTs are still lower than actual VOTs. Studies have found VOTs that 

are as high as 72% of the gross wage rate, which is a 44% increase over our estimate of 

50% and makes this scenario of a 25% increase a realistic but unlikely possibility. 

7.26 We implemented the High VOT scenario by increasing VOTs for all travel segments by 

25%.  The results in Figure 7-2 show substantial increases in revenue of 9% for both 

2020 and 2030.  

Additional Sensitivity Analysis 

7.27 In addition to the sensitivity scenarios detailed above, we examined sensitivity to the 

relationship between Battlefield Boulevard volume and travel time used in the model, 

and we examined the impact on yearly revenue of increasing toll rates more gradually 

than recommended.  The sensitivity of revenue to these factors is discussed in detail 

below. 

Volume-Delay Relationship for Battlefield Boulevard 

7.28 The route choice model uses parabolic curves to define relationship between volume 

and delay for each facility.  As total corridor traffic increases, this relationship 

becomes extremely important on Battlefield Boulevard, since it directly impacts the 

difference in travel time between the two facilities, which helps determine the 

relative attractiveness of each of the two respective facilities.   Since severe 

congestion is currently very rare on Battlefield, there is a significant amount of 

uncertainty associated with fitting a curve to the available data.  However, in the 

future, it is likely that Battlefield will reach severe congestion more often, and if the 

model misrepresents the actual relationship, this may reduce the accuracy of the 

forecast revenues. 

7.29 To examine the revenue impact of a misrepresentation of the Battlefield volume-delay 

relationship, we tested increasing and decreasing the values of each of the parameters 

used to define the relationship by 20%, and found that the change in revenues ranged 

from -5% to +4% for 2020 and 2030. 

Willingness to Pay at High Toll Rates 

7.30 In order to examine the issue of willingness to pay at high toll rates, we estimated 

annual toll revenues using a toll schedule that includes more gradual increases than 

the recommended toll schedule.  In the toll schedule examined, weekend peak 2-axle 

tolls start at $3.00 in 2011, and increase to $4.00 in 2015, $6.00 in 2020, $8.00 in 

2025, $9.00 in 2030, and $10.00 in 2035.  Weekend off-peak 2-axle tolls start at $3.00 

in 2011, and increase to $4.00 in 2020, $5.00 in 2025, and $6.00 in 2030.  Weekday 2-

axle toll rates remain the same as in the recommended schedule, starting at $3.00 in 

2011, and increasing to $4.00 in 2022, and $5.00 in 2031.  A comparison of the revenue 
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stream produced by this schedule and that produced by the recommended schedule is 

presented in Figure 7-3 below. 

FIGURE 7-3. ANNUAL REVENUE COMPARISON OF RECOMMENDED TOLL SCHEDULE 

AND MORE GRADUAL INCREASE TOLL SCHEDULE 

 

7.31 We see in the figure that the gradual increase toll schedule produces between 90-97% 

of the revenue of the recommended toll schedule.  Revenues start out fairly close in 

2011, diverge, then come significantly closer together near 2025. 

Truck Toll Rates 

7.32 Vehicles with more than 2 axles are currently charged a higher toll than the base 2-

axle toll and as of 2007 these vehicles comprised 4.1% of the traffic on the 

Expressway. We examined the impacts of replacing the existing toll structure based on 

the number of axles with a uniform toll structure that charged the same toll to all 

vehicles with at least 2 axles. Eliminating the existing toll structure and charging all 

vehicles the 2-axle toll rate reduced revenue by 5% in both 2020 and 2030.  
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8 Recommendations 

8.1 In this study, we reviewed several factors that impact Expressway traffic and revenue, 

and used that review to help develop a forecasting model and conduct an analysis of 

toll schedule alternatives.  For the purposes of our study, weekends are defined as 

Saturdays and Sundays only.  Based upon our analysis, we provide a set of 

recommended toll rates. 

8.2 Specifically, we recommend the following immediate actions: 

• Impose a weekend summer peak season toll premium.  The weekend summer peak 

season is the highest demand time of the Expressway, and thus higher toll rates are 

appropriate.  Increase the weekend 2-axle toll rates to $5 for cash and $2.50 for 

discount program vehicles for the summer peak season beginning in FY 2011. 

• Increase toll rates in 2011 for weekday and weekend off-peak season.  Increase 
the weekday and weekend off-peak season 2-axle toll rates to $3 for cash and $1.50 

for discount program vehicles in FY 2011. 

8.3 After implementing the 2011 toll increases, Expressway traffic needs to be monitored 

closely so the revealed behavior of Expressway travelers can be used to refine the 

forecasting models.  The Expressway travel market is somewhat unique, and thus the 

first observed response to toll change will provide insight into whether these travelers 

continue to place a high value on the travel time savings offered by the Expressway.   

8.4 Beyond 2011, there are a number of toll rate increases that should be implemented:  

• Increase toll rates in 2012 for weekend summer peak.  Increase the weekend peak 
season 2-axle toll rates to $6 for cash and $3 for discount program vehicles in FY 

2012. 

• Increase toll rates in 2015 for weekend peak and off-peak.  Increase the weekend 
peak season 2-axle toll rates to $8 for cash and $4 for discount program vehicles and 

weekend off-peak 2-axle toll rates to $4 for cash and $2 for discount program 

vehicles in FY 2015. 

• Increase toll rates in 2020 for weekend peak and off-peak seasons.  Increase 
weekend peak season 2-axle toll rates to $9.00 for cash and $4.50 for discount 

program vehicles and weekend off-peak season 2-axle toll rates to $5.00 for cash and 

$2.50 for discount program vehicles in FY 2020. 

• Increase toll rates in 2022 for weekday and weekend peak and off-peak seasons.  
Increase the weekday 2-axle toll rate to $4.00 for cash and $2.00 for discount 

program vehicles in FY 2025. 

• Increase toll rates in 2025 for weekend peak and off-peak seasons.  Increase the 
weekend peak season 2-axle toll rates to $10.00 for cash and $5.00 for discount 

program vehicles and weekend off-peak season 2-axle toll rates to $6.00 for cash and 

$3.00 for discount program vehicles in FY 2025. 
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• Increase toll rates in 2030 for weekday and weekend peak and off-peak seasons.  
Increase the weekday 2-axle toll rate to $5.00 for cash and $2.50 for discount 

program vehicles, weekend peak season 2-axle toll rates to $11.00 for cash and $5.50 

for discount program vehicles and weekend off-peak season 2-axle toll rates to $8.00 

for cash and $4.00 for discount program vehicles in FY 2030. 

• Increase toll rates in 2031 for weekday.  Increase the weekday 2-axle toll rate to 
$5.00 for cash and $2.50 for discount program vehicles in FY 2031. 
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A1 INTRODUCTION 

A1.1 To develop the traffic and revenue forecasts, we required a model capable of 

accurately representing traffic conditions on the Expressway and forecasting future 

traffic levels under different conditions, including adjustments to toll rates.  We 

originally planned to adapt the HRPDC regional travel demand model to serve as the 

forecasting tool.  But after a careful review of the HRPDC model, we decided to 

develop a new route choice model for this study.  There were two reasons for this 

decision: 1) the Expressway is located at the edge of the HRPDC model network, which 

means that the Expressway trips will be represented in the model as external trips and 

not based on HRPDC socioeconomic forecasts, and 2) the primary toll decision of 

potential Expressway travelers is between the tolled portion of the Expressway and 

the six-mile stretch of parallel Battlefield Boulevard, and the HRPDC’s highway 

assignment approach would require significant adaptation to accurately predict the 

trips on each facility.  Instead of using the HRPDC model, we developed a 

spreadsheet-based route choice model that represented the route choice decision in a 

logit model framework.   

A1.2 While developing the route choice model, we drew upon attributes of the HRPDC 

model and integrated characteristics of travel demand determined during our analysis 

and presented in Chapter 2.  To support the inclusion of HRPDC model characteristics, 

we adapted the HRPDC model for several model years. 

A1.3 In this appendix, we provide details on the forecasting model we developed. 

A2 LIMITATIONS OF ROUTE CHOICE MODEL 

A2.1 The spreadsheet format afforded us greater flexibility in implementing the route 

choice decision while providing an efficient way to evaluate many toll alternatives.  

However, there are limitations to the route choice model we developed:  Because we 

represent travelers’ decisions as a choice between using the Expressway or Battlefield 

Boulevard, we do not fully capture how some future travel patterns may change.  This 

is particularly important with consideration of US 17.  For Outer Banks travelers, US 17 

is an alternate route with a significantly longer travel time than the Expressway.  

While the travelers we represent in our model have already exhibited their preference 

for the Expressway or Battlefield Boulevard, a large enough toll increase could cause 

some of them to switch to the US 17 alternative.  In order to reflect this situation, we 

have limited the maximum toll rate that we will evaluate on the Expressway, capping 

the toll at $5 in 2000 dollars which corresponds to the conversion of the 20 minute 

additional travel time on US 17 into a cost using a representative average value of 

time of $15 / hour per vehicle.  It is worth noting that the HRPDC model would also 

not be able to account for the route decision between the Expressway/Battlefield 

Boulevard and US 17 because of its representation of these routes as separate external 

stations. 

A3 ROUTE CHOICE MODEL 

A3.1 A route choice model is a common approach used to forecast toll facility demand.  It is 

a choice type model that predicts the percentage of users who would select each of 
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the candidate choices.  We implemented the route choice model to predict the share 

of travelers that would use the Expressway or Battlefield for different travel periods 

and by accounting for different trip purposes. 

Inclusion of HRPDC Model Characteristics 

A3.2 While not directly applicable for this study, the HRPDC travel demand model can still 

be used to provide useful information in the development of our route choice model.  

The Study Team developed a new version of the HRPDC model reflecting a base year 

of 2007.  The 2011 plan network provided by the MPO and VDOT was modified to 

remove projects implemented after 2007.  We developed the 2007 land use for trip 

generation and mode choice by linearly interpolating socioeconomic activity between 

year 2000 and 2011 magnitudes, and the resulting activity compared favorably to 2007 

Census estimates.  We adjusted the 2007 external trip table to meet 2007 targets and 

accommodate the renumbering of zones from 1990 base year to 2000 base year 

versions of the HRPDC model.  Future year models for 2011, 2018, 2020, and 2030 

correspond exactly to land use activity and network assumptions released by the MPO 

and VDOT and were not modified. 

A3.3 We updated the HRPDC model assignment process for base and future year models to 

improve accuracy.  We stratified trip tables into 4 annual income classes by four time 

of day periods, consistent with the income levels and weekday time periods used in 

our Expressway route choice model as described below.  We also incorporated a select 

link procedure into the assignment to extract trip information from the HRPDC model 

on the Expressway and Battlefield Boulevard.  In particular, this select procedure 

allowed us to determine the amount of background traffic on Battlefield Boulevard. 

Route Choice Model Function 

A3.4 We developed a route choice model of the binary logit form.  The binary logit model 

calculates the shares of travelers that will use each of two options; in this case, the 

options are the Expressway and Battlefield.  Our route choice model uses the following 

specification. 
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A3.5 The route choice model utility function uses the following specification: 
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Key Parameters 

A3.6 We discuss key model parameters below. 

A3.7 Vehicle Operating Cost (VOC) is used to convert travel distance into cost terms.  We 

used a $0.13 / mile (2000 $) VOC parameter that is consistent with the HRPDC model. 

A3.8 The Freeway Bias parameter is intended to represent the benefit that travelers place 

on using a freeway (the Expressway) instead of an arterial (Battlefield Boulevard).  

This bias reflects both the greater travel time reliability of freeways and the 

preference of unfamiliar travelers to use freeways.  For weekend peak season 

travelers with one trip end in the Hampton Roads region, we set this parameter at 

$1.00 (2000 $), and for travelers external to the region, we set the parameter at $1.20 

for weekday and off-peak weekend travelers and $1.80 for weekend peak season 

travelers.  This reflects the fact that a higher share of weekend peak travelers are 

unfamiliar with the local highways. 

Stated Preference Survey 

A3.9 A stated preference survey was used to estimate the values of time used as inputs to 

the model.  A detailed discussion of the survey and related processing is presented in 

Appendix B. 

Trip Purposes 

A3.10 The HRPDC model uses three trip purposes that it further splits between simple and 

complex commuting: Home Based Work (HBW), Home Based Other (HBO), and Non 

Home Based (NHB), in addition to external trips. For the modeling of the Expressway, 

we decided to maintain some of the trip purpose segmentation, but concentrated on 

three main travel segments for applying future travel growth: 1) internal-internal (I-I), 

2) external-internal / internal-external (E-I/I-E), and 3) external-external (E-E).  Given 

the Expressway’s location near the southern edge of the HRPDC network, there are a 

very limited number of I-I trips that would use Battlefield Boulevard or the tolled 

portion of the Expressway, and thus we only maintained the HBW and HBO purposes.  

For E-I/I-E trips, the HRPDC model does not provide information on their trip purpose.  
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We reviewed HRPDC model HBW and HBO splits for nearby areas and estimated the 

split of trips displayed in Table A-8-1.  This trip purpose segmentation allows us to 

associate an appropriate value of time with each type of trip. 

TABLE A-8-1. E-I/I-E TRIP PURPOSE SPLIT 

Time of Day HBW HBO 

AM 70% 30% 

PM 70% 30% 

MD 40% 60% 

NT 30% 70% 

Source: Steer Davies Gleave 

Forecast Periods 

A3.11 Based on our analysis of Expressway travel conditions presented in Chapter 2, we 

developed the model with three distinct types of travel days: weekdays, summer 

weekends, and off-peak weekends.  For weekdays, we further separated the model 

into four analysis time periods.  Table A-8-2 presents the trip periods and the 

directional split we calculated from disaggregate traffic count data. 

TABLE A-8-2. TIME OF DAY HOURS AND SPLIT OF TRIPS 

Time of Day Hours NB SB 

AM 6:00 a.m. – 8:30 a.m. 9.4% 4.3% 

PM 3:30 p.m. – 6:00 p.m. 5.8% 10.2% 

MD 8:30 a.m. – 3:30 p.m. 23.4% 21.0% 

NT 6:00 p.m. – 6:00 a.m. 11.6% 14.2% 

Source: Steer Davies Gleave 

A3.12 We segmented weekend days between the peak and off-peak seasons using the 

Expressway’s definition of peak season, which is roughly from the week before 

Memorial Day through the week after Labor Day.  We also separated the model 

between Saturdays and Sundays since our analysis found Saturdays to provide higher 

traffic and revenue than Sundays. 

Incorporation of Traffic Congestion 

A3.13 It is a well established principle of transportation modeling to represent travel times 

that reflect traffic congestion.  This is particularly important when modeling the 
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choice between two routes, since the number of travelers who choose each route will 

impact the travel time of that route.  We included two features in our model to 

account for traffic congestion.  First, we recognized that there are travelers who may 

use portions of Battlefield Boulevard that are parallel to the tolled portion of the 

Expressway but who, because of the Expressway ramps, are unable to use the 

Expressway.  Despite not being eligible for the route choice we are modeling, they do 

contribute to the background traffic on Battlefield Boulevard.  Therefore, we 

imported the traffic levels on Battlefield Boulevard as predicted by the HRPDC model 

after separating all trips that are eligible for the choice.  We received these HRPDC 

traffic volumes for forecast years of the base year, 2011, 2018, 2020, and 2030, and 

we interpolated to develop the background traffic levels for non-HRPDC model years. 

A3.14 The second feature of the model we included was to iteratively run the route choice 

model and then update route travel times on the Expressway and Battlefield Boulevard 

to reflect the forecast traffic levels.  We updated the travel times of each route by 

feeding the predicted traffic volumes into the same volume-delay curves used in the 

HRPDC model for each route.  To help with the accuracy of these travel times, we 

developed free-flow travel times based on travel time data collection conducted 

during a weekday in October, described in the next section.  After calculating the 

updated travel times, we checked for convergence by comparing to a weighted 

average of the prior iterations’ travel times computed using exponential smoothing. 

We considered travel times converged when they differed by less than 0.0002 minutes 

for each route for each model time period. 

Travel Time Survey 

A3.15 The relative travel times of the tolled portion of the Expressway and Battlefield 

Boulevard are an important factor in travelers’ choices between these facilities.  For 

approximately 6 miles between Hillcrest Parkway and Battlefield Boulevard / Gallbush 

Road, Battlefield Boulevard parallels the Chesapeake Expressway and serves as the 

local north/south roadway in the area, with access points for schools, retail 

development, and residential development.  Traffic signals on Battlefield Boulevard 

were observed at the following locations in the survey area: 

• Hillcrest Parkway at Chesapeake Expressway SB Ramps 

• Hillcrest Parkway at Chesapeake Expressway NB Ramps 

• Battlefield Boulevard at Hillcrest Parkway 

• Battlefield Boulevard at Hickory Road 

• Battlefield Boulevard/Gallbush Road at Chesapeake Expressway 

A3.16 To help establish the relative travel times of each route, the project team conducted 

travel time runs along select roadways in Chesapeake, Virginia.  Travel times were 

observed on off-peak season weekdays in March and April 2010 along Battlefield 

Boulevard, Hillcrest Parkway, and the Expressway.  Multiple travel time runs were 

logged for the AM, Mid-day, and PM peak in order to calculate average speeds along 

the roadways and determine potential time savings of using the Expressway versus 
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Battlefield Boulevard and Hillcrest Parkway.  The “Floating-Car” technique was 

utilized for the travel time runs, in which the data collection vehicle passes one 

vehicle for every vehicle that passes it. 

A3.17 It should be noted that Route 168 (Battlefield Boulevard / Chesapeake Expressway) is 

the major direct route between the Hampton Roads area and the Outer Banks of North 

Carolina.  Large traffic volumes during the summer months could lead to much greater 

traffic using the Chesapeake Expressway instead of using Battlefield Boulevard. 

A3.18 Tables A-3 through A-5 below show survey results for the AM, Mid-day, and PM peak 

periods respectively.  Note that these periods do not correspond exactly with the peak 

periods as defined in the route choice model. 
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TABLE A-8-3. AM PEAK (6AM–9AM) TRAVEL TIMES AND SPEEDS 

 

Source: Michael Baker Jr. 

Average Segment Travel Time (min) Average Segment Speed (mph)

30-Mar-10 30-Mar-10

From To Length (mi) 6AM 7AM 8AM Avg 6AM 7AM 8AM Avg

22-Apr-10 22-Apr-10

Gallbush Road South of Toll Plaza 2.1 2.1 2.2 2.0 2.1 58.6 56.4 62.0 59.0

South of Toll Plaza North of Toll Plaza 0.6 0.7 0.5 0.6 0.6 52.7 67.5 58.4 59.5

North of Toll Plaza Hillcrest Parkway 3.3 3.3 3.2 3.4 3.3 60.0 60.9 58.8 59.9

6.0 6.1 59.4

Hillcrest Parkway North of Toll Plaza 3.1 2.9 3.3 3.0 3.1 64.1 56.6 62.0 60.9

North of Toll Plaza South of Toll Plaza 0.6 0.7 0.8 0.6 0.7 55.4 48.0 61.7 55.0

South of Toll Plaza Gallbush Road 2.1 2.2 2.2 2.4 2.3 58.6 56.8 52.5 56.0

5.8 6.0 58.2

Gallbush Road Indian Creek Road 2.7 3.3 3.0 2.9 3.1 48.6 53.7 55.5 52.6

Indian Creek Road Centerville Turnpike 1.5 1.9 1.8 1.8 1.8 47.8 49.5 49.1 48.8

Centerville Turnpike Hillcrest Parkway 1.9 2.0 2.8 5.8 3.5 56.1 41.0 19.7 38.9

6.1 8.5 43.2

Hillcrest Parkway Centerville Turnpike 2 2.7 2.9 2.8 2.8 45.3 41.1 42.1 42.8

Centerville Turnpike Indian Creek Road 1.5 2.1 2.0 1.8 2.0 42.9 45.0 50.9 46.3

Indian Creek Road Gallbush Road 2.7 2.7 2.9 3.2 3.0 58.9 55.5 50.6 55.0

6.2 7.7 48.2

Hillcrest Parkway WB Battlefield Blvd NB Expressway Ramp 0.2 0.6 0.7 0.5 0.6 20.0 18.0 25.7 21.2

Hillcrest Parkway EB SB Expressway Ramp Battlefield Blvd 0.4 0.4 0.5 1.1 0.7 53.3 51.4 21.8 42.2

Battlefield Blvd NB

Battlefield Blvd SB

Chesapeake Expy SB

Segment
DirectionRoadway

Chesapeake Expy NB
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TABLE A-8-4. MID-DAY (9AM – 4PM) TRAVEL TIMES AND SPEEDS 

 

Note: highlighted cells indicate manual toll collection  

Source: Michael Baker Jr. 

Average Segment Travel Time (min) Average Segment Speed (mph)

3/29/2010 through 3/30/2010 3/29/2010 through 3/30/2010

From To Length (mi) 9AM 10AM 11AM 12PM 1PM 2PM 3PM Avg 9AM 10AM 11AM 12PM 1PM 2PM 3PM Avg

Gallbush Road South of Toll Plaza 2.1 2.0 2.1 2.1 2.3 2.1 2.1 2.0 2.1 62.0 59.5 60.0 56.0 59.1 60.5 63.5 60.1

South of Toll Plaza North of Toll Plaza 0.6 0.9 1.1 1.1 0.6 1.3 0.6 0.7 0.9 39.3 34.3 31.8 58.4 28.4 58.4 49.1 42.8

North of Toll Plaza Hillcrest Parkway 3.3 3.3 3.2 3.0 3.3 2.8 3.2 3.2 3.0 59.7 62.5 66.7 59.1 72.0 61.2 62.5 63.4

6.0 6.0 60.1

Hillcrest Parkway North of Toll Plaza 3.1 3.0 3.1 3.0 3.3 2.5 3.1 3.1 2.9 62.0 61.0 62.0 55.8 73.9 60.0 61.0 62.2

North of Toll Plaza South of Toll Plaza 0.6 1.4 0.7 1.2 0.8 1.4 0.9 1.4 1.2 25.7 54.0 29.6 44.1 25.7 41.5 25.7 35.2

South of Toll Plaza Gallbush Road 2.1 2.2 2.2 2.0 2.2 2.2 2.2 2.2 2.2 56.0 58.2 62.0 58.6 58.2 57.3 57.3 58.2

5.8 6.3 55.2

Gallbush Road Indian Creek Road 2.7 3.2 2.9 2.9 3.6 3.3 3.3 2.8 3.1 50.9 55.5 54.9 44.6 49.8 49.6 57.9 51.9

Indian Creek Road Centerville Turnpike 1.5 1.7 2.0 1.7 1.9 1.8 1.8 2.2 2.0 51.9 45.0 51.4 47.0 48.6 48.6 41.2 47.7

Centerville Turnpike Hillcrest Parkway 1.9 2.5 2.5 2.6 2.8 2.5 2.7 3.2 2.8 45.3 46.5 44.1 40.0 45.3 42.5 35.3 42.7

6.1 7.9 46.5

Hillcrest Parkway Centerville Turnpike 2 2.5 3.0 2.7 2.5 2.9 2.8 2.9 2.8 47.7 40.0 43.6 47.7 42.1 42.9 41.4 43.6

Centerville Turnpike Indian Creek Road 1.5 1.7 1.8 2.0 1.8 1.9 2.0 2.0 2.0 51.9 50.9 45.8 49.1 46.6 44.6 44.3 47.6

Indian Creek Road Gallbush Road 2.7 3.1 2.9 3.1 3.2 3.4 2.9 3.3 3.2 51.7 55.2 52.0 51.4 47.9 55.2 49.6 51.9

6.2 8.0 46.3

Hillcrest Parkway WB Battlefield Blvd NB Expressway Ramp 0.2 0.3 0.8 0.3 0.6 0.5 0.9 1.3 0.9 45.0 15.3 34.3 21.2 24.0 13.8 9.6 23.3

Hillcrest Parkway EB SB Expressway Ramp Battlefield Blvd 0.4 0.6 0.5 0.5 0.7 0.7 0.5 0.8 0.7 37.9 45.0 51.4 35.1 35.1 48.0 31.3 40.6

Battlefield Blvd SB

Chesapeake Expy SB

Battlefield Blvd NB

Segment
DirectionRoadway

Chesapeake Expy NB
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TABLE A-8-5. PM PEAK (4PM–7PM) TRAVEL TIMES AND SPEEDS  

 

Note: Highlighted cells indicate manual toll collection 

Source: Michael Baker Jr. 

Average Segment Travel Time (min) Average Segment Speed (mph)

29-Mar-10 29-Mar-10

From To Length (mi) 4PM 5PM 6PM Avg 4PM 5PM 6PM Avg

Gallbush Road South of Toll Plaza 2.1 2.2 2.1 2.1 2.1 58.2 60.5 59.5 59.4

South of Toll Plaza North of Toll Plaza 0.6 0.6 1.3 0.7 0.9 58.4 27.7 54.0 46.7

North of Toll Plaza Hillcrest Parkway 3.3 3.6 2.6 3.3 3.1 55.3 76.6 60.9 64.3

6.0 6.1 58.8

Hillcrest Parkway North of Toll Plaza 3.1 3.1 2.5 3.0 2.9 60.0 74.4 62.7 65.7

North of Toll Plaza South of Toll Plaza 0.6 0.9 1.4 2.3 1.5 41.5 24.8 15.4 27.3

South of Toll Plaza Gallbush Road 2.1 2.1 2.1 2.2 2.1 60.0 58.6 58.2 58.9

5.8 6.5 53.2

Gallbush Road Indian Creek Road 2.7 3.3 3.1 3.4 3.3 48.4 52.5 47.4 49.4

Indian Creek Road Centerville Turnpike 1.5 1.8 1.8 1.8 1.8 50.0 50.5 49.1 49.9

Centerville Turnpike Hillcrest Parkway 1.9 3.0 2.9 2.5 2.8 38.2 39.3 45.6 41.0

6.1 7.9 46.4

Hillcrest Parkway Centerville Turnpike 2 3.2 3.1 2.3 2.9 37.7 38.7 51.4 42.6

Centerville Turnpike Indian Creek Road 1.5 2.0 2.0 1.9 2.0 45.0 45.8 47.4 46.0

Indian Creek Road Gallbush Road 2.7 3.3 3.0 3.1 3.1 49.8 54.3 51.7 51.9

6.2 8.0 46.8

Hillcrest Parkway WB Battlefield Blvd NB Expressway Ramp 0.2 0.4 0.9 1.0 0.8 34.3 13.1 12.2 19.9

Hillcrest Parkway EB SB Expressway Ramp Battlefield Blvd 0.4 0.4 0.7 0.5 0.6 57.6 34.3 43.6 45.2

Battlefield Blvd SB

Chesapeake Expy SB

Battlefield Blvd NB

Segment
DirectionRoadway

Chesapeake Expy NB
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Combined Traffic and Growth 

A3.19 The combined traffic level on the two facilities for each year is the primary input to 

the route choice model.  We developed the base year levels of aggregate traffic for 

each forecast period by processing disaggregate VDOT traffic count data for 

Battlefield Boulevard and the Expressway’s traffic data.  For future years, we 

established growth levels to input into the model based on the analysis presented in 

Chapter 2.  Table A-8-6 displays the traffic growth rates we used. 

TABLE A-8-6. FUTURE TRAFFIC GROWTH RATES 

Year 
Weekday 
Traffic  

Weekend I-I 
& E-I/I-E  

E-E  Weekend 

2011 1.90% 1.90% 1.10% 

2012 1.90% 1.90% 1.10% 

2013 1.90% 1.90% 1.10% 

2014 1.90% 1.90% 1.10% 

2015 1.90% 1.90% 1.10% 

2016 2.03% 2.03% 1.15% 

2017 2.03% 2.03% 1.15% 

2018 2.03% 2.03% 1.15% 

2019 2.03% 2.03% 1.15% 

2020 2.03% 2.03% 1.15% 

2021 1.85% 1.85% 1.10% 

2022 1.85% 1.85% 1.10% 

2023 1.85% 1.85% 1.10% 

2024 1.85% 1.85% 1.10% 

2025 1.85% 1.85% 1.10% 

2026 1.68% 1.68% 1.08% 

2027 1.68% 1.68% 1.08% 

2028 1.68% 1.68% 1.08% 

2029 1.68% 1.68% 1.08% 

2030 1.68% 1.68% 1.08% 

2031 1.55% 1.55% 1.00% 

2032 1.55% 1.55% 1.00% 

2033 1.55% 1.55% 1.00% 

2034 1.55% 1.55% 1.00% 

2035 1.55% 1.55% 1.00% 

2036 1.55% 1.55% 1.00% 

2037 1.55% 1.55% 1.00% 

2038 1.55% 1.55% 1.00% 

2039 1.55% 1.55% 1.00% 

2040 1.55% 1.55% 1.00% 

Source: Steer Davies Gleave 

A4 MODEL VALIDATION 

A4.1 In order to validate the diversion model, we produced estimates of FY 2009 toll 

transactions and toll revenue using current toll rates as inputs to the model.  We then 
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compared the resulting values with actual Expressway toll transactions and toll 

revenue to ensure the model produced reasonable results.  A comparison of the actual 

annual values and model annual values for FY 2009 is shown in Table A-8-7 below.  

This table displays how the model validates well for most travel segments and very 

well at the aggregate level for both transactions and toll revenue. 

TABLE A-8-7. COMPARISON OF ACTUAL AND MODEL FY 2009 TOTALS USED IN 

DIVERSION MODEL VALIDATION 

Category Actual 
Diversion 

Model 
% Difference 

Weekday Toll Transactions    

     Discount 1,274,685 1,313,767 +3.1% 

     Non-Discount AVI 385,527 400,003 +3.8% 

     Non-AVI 1,045,836 1,097,657 +5.0% 

Subtotal: Weekday 2,706,048 2,811,427 +3.9% 

    

Weekend Peak Toll Transactions    

     Discount 88,293 83,891 -5.0% 

     Non-Discount AVI 242,366 256,354 +5.8% 

     Non-AVI 551,526 532,617 -3.4% 

Subtotal: Weekend Peak 882,185 872,862 -1.1% 

    

Weekend Off-Peak Transactions    

     Discount 200,805 204,039 +1.6% 

     Non-Discount AVI 124,370 128,478 +3.3% 

     Non-AVI 361,663 348,677 -3.6% 

Subtotal: Weekday 686,838 681,194 -0.8% 

    

Grand Total Transactions 4,275,071 4,365,482 +2.1% 

    

Weekday Toll Revenues $3,675,450 $3,833,196 +4.3% 

Weekend Peak Revenues $1,677,405 $1,663,479 -0.8% 

Weekend Off-Peak Revenues $1,112,313 $1,095,738 -1.5% 

    

Grand Total Revenues $6,465,168 $6,592,413 +2.0% 

Source: Steer Davies Gleave 

A5 EXECUTION OF THE MODEL 

A5.1 After having developed the model and validated its base year forecasts to historical 

Expressway traffic and revenue levels, we were ready to use the model to evaluate 
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toll alternatives.  We executed the model for each year from 2010 to 2035.  For each 

year, we first entered the toll rates to evaluate.  Based on these toll rates, each 

year’s traffic was split between the Expressway and Battlefield Boulevard using the 

iterative process that predicted route traffic shares and volumes, updated the route 

travel times, and checked for convergence. 
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