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EXECUTIVE SUMMARY

The Clean Air Act Amendments of 1990 (CAAA) require metropolitan areas that
do not meet national ozone and/or carbon monoxide (CO) air quality standards to
prepare an emissions budget. These areas are also required to monitor actual
emissions and compare them with the emissions budget to ensure attainment. Since a
significant amount of these pollutants are emitted through automobile exhaust, the
volume of emissions in a metropolitan area is measured and estimated according to
automobile and truck use. More specifically, the volume of mobile source emissions is
linked to the number of vehicle-miles traveled (VMT) in the region.

EPA requires that estimates of VMT for past years be based on Highway
Performance Monitoring System (HPMS) sample traffic counts and/or regional travel
simulation models. In addition to the HPMS sample traffic count method and the
regional travel simulation method, DVRPC estimated VMT using a third method that
was developed in 1993, which involved use of an enhanced round of traffic counts
taken by DVRPC. In July 1995, DVRPC published Estimating and Monitoring 1993
VMT in the Delaware Valley Region. This report detailed the three methodologies used
to estimate VMT in 1993, and also compared the results from the three methodologies.
In 1994 and 1995, the Delaware Valley Regional Planning Commission (DVRPC)
estimated VMT using these three methodologies.

This report, Estimating and Monitoring 1994 and 1995 VMT in the Delaware
Valley Region, performs a similar VMT analysis for 1994 and 1995 to that of the 1993
analysis. DVRPC collected traffic counts from an enhanced sample panel that included
sites on rural minor collector roads, as well as rural and urban local roads. At the end
of a 48-hour recording period during which a continuous 24-hour period was counted,
the data were returned to the office to be processed and entered into a GIS system.

DVRPC stratified the sample panel by county and functional class. Just like the
1993 VMT estimate, the 1994 and 1995 VMT was computed by multiplying the volume
of each sample link by the distance of that sample link, aggregating the results by
county and functional class, and multiplying the aggregate VMT by the stratum
expansion factor (universe distance/sample distance).

The results indicate that since 1993 the regional VMT increased 2.7% in 1994
and an additional 1.1% in 1995, with New Jersey slightly out pacing Pennsylvania for
both years. The results also show that, when compared to DVRPC’s enhanced sample
methodology, both the state HPMS/RMS data and the DVRPC travel simulation VMT
estimates are consistently lower.
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l. Introduction

The Clean Air Act Amendments of 1990 (CAAA) require metropolitan areas not
meeting national ozone and/or carbon monoxide (CO) air quality standards to develop
transportation control measures and prepare an emissions budget. These areas are
also required to monitor actual emissions and compare them with the emissions budget
in order to ensure attainment. Since a significant share of these pollutants are emitted
through automobile exhaust, the volume of mobile-source emissions in a metropolitan
area is measured and estimated according to the number of vehicle-miles traveled
(VMT) in the region.

In 1993, DVRPC fulfilled these federal clean air requirements by estimating VMT
using data from both the federal Highway Performance Monitoring System (HPMS), and
DVRPC'’s regional travel simulation model. In addition, DVRPC developed a third
enhanced method to estimate VMT, which involved a new round of traffic counts taken
by the Commission. DVRPC included local roads in the sample stratification, and
designed the sample size with higher confidence and precision levels than those used
by the states for HPMS. Traffic counts were taken on existing HPMS stations, and
supplemented by additional counts on all functional classes including collectors and
local roads. The results were published in the DVRPC report Estimating and Monitoring
1993 VMT in the Delaware Valley Region, July 1995.

This report presents the estimates of VMT for 1994 and 1995, traveled in the
nine-county Delaware Valley Region, computed by the three methods described above.
It includes a comparison of VMT computed by the state HPMS counts, by the DVRPC
travel simulation model, and by the DVRPC enhanced sample of traffic counts. The
results of these methods are analyzed and compared. :
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Il. VMT Estimation Methods

This section of the report presents the three VMT estimation methods. The .
estimation methods are state HPMS results, the DVRPC travel simulation model, and
DVRPC's enhanced sample of traffic counts.

A. State VMT Estimates using HPMS Method

The first method used to determine regional VMT utilized traffic counts from the
state HPMS. FHWA requires that both Pennsylvania and New Jersey participate in the
federal HPMS, a nationwide inventory system that includes all highway and non-local
road mileage. The HPMS is an ongoing program, with annual reporting requirements
for the states.

1. Sample Section Panel Design

The HPMS sample panel is selected from the state's roadway network as a
simple random sample. The state DOTs stratify their highway systems according to
three variables: area type, functional classification, and volume group. The DOT
determines the total number of highway sections in each stratum and finds the sample
size through application of the following mathematical formula:

Z? Cc?d?
1+(1IN ) [(Z? C3d?)-1]

n=

Where: n=  Sample size of highway sections in a stratum;

Z = Value of the standard normal statistics for confidence level, 1.645
and 1.282 for confidence level 90% and 80%, respectively;

C = Coefficient of variation, S, / X,
S, = standard deviation of traffic volumes in a stratum,
X = mean of traffic volumes in a stratum;

d= Desired precision rate, 5% for interstate, expressway, principal and
minor arterials, and 10% for collectors; and

N = Universe stratum size, number of sections in a volume group of
facility.

The state department of transportation allocates the sample sections throughout
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the state, and specifies the location and date of the individual counts. The sample
sections are randomly selected from the universe of arterial and collector roads
(excluding rural minor collector). HPMS does not require states to monitor local roads.

2. Estimation of Annual Average Daily Traffic Volumes
Each section in the HPMS sample panel is counted once every three years.
Daily traffic on the sample section is recorded using an automatic counting machine for

a time period of 48 hours to yield a continuous 24-hour count ("short count").

After the volumes along each sample section are obtained, the raw counts are
factored to determine annual average daily traffic (AADT). The AADT is calculated as:

AADTe = (VOLg) X (Mg, Df) X (Af) X (Gf)

Where: AADTg = ;(_1‘16 annual average daily traffic at location L of functional ciass
VOL =  the 24-hour axle volume at location L of functional class F
Mg, D=  the applicable monthly and/or daily factor for functional
class F
Ac =  the applicable axle-correction factor for functional class F
G =  the applicable growth factor for functional class F

The first two factors adjust the count for the day of week and the month during
which the count is taken. The axle correction factor adjusts the count to correct for
over-counting of vehicles caused by multi-axles vehicles. Growth factors adjust traffic
counts according to the growth in traffic over a certain time period during which actual
counts have not been recorded. If the link volume was counted in the current year, a
growth factor is not applied.

3. VMT Estimation

The states derive VMT from the AADT traffic volume estimates. The formula for
determining daily vehicle miles of travel (DVMT) for a section is:

DVMTg = (AADT; x Lengthg ) x (Stratum Expansion Factor)

The stratum expansion factor is the universe mileage of the volume group
divided by the mileage of the HPMS sample panel within that volume group. The VMT
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for a volume group is the sum of the VMT for the sections in that volume group.
Similarly, the VMT for a given functional class is the sum of the VMT for volume groups
within that functional class.

DVMT,= Y (DVMT)
V=1

To determine the total daily VMT for the region, the VMT figures for each of the
functional classes are added.

DVMTRegion = Z (DVMTF)

F=1

The result of this calculation is the daily VMT for the region. The annuai VMT of
the region can be reached by multiplying regional DVMT by 365. Annual VMT can be
calculated for any sample strata for which average daily traffic figures are available.

NJDOT prepares its VMT estimates at the state level. The sampling procedures
are carried out at the individual Urbanized Area, aggregated Small Urban Areas, and
statewide rural levels. The samples are not valid at the county level.

To determine the number of counts on non-HPMS facilities, NJDOT extends the
proportion of sampled to universe mileage for each functional system to the county
level; evaluates the current sample level; and adds samples to reach the same
proportion of sample to universe mileage for each stratum. Using this sampling
method, NJDOT monitored and estimated approximate VMT at the county level. This
method was used in 1990 and 1991.

PennDOT calculates VMT based on traffic volumes collected over the years on
every section of the highway system. The universe mileage, and volume and length of
every section are included in the database.

B. VMT Estimation using DVRPC's Travel Simulation Model

DVRPC also computed VMT within the region based on the DVRPC travel
simulation model. As part of the FY 1994 Conformity Demonstration, DVRPC
recalibrated and validated its established travel simulation model. 1990 Census data
for population and employment were incorporated and the model outputs were checked
against actual transit and highway counts. A simulation of travel for 1996 was prepared
based on the DVRPC board adopted socio-demographic projections and highway and
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transit networks that incorporate facilities anticipated to be opened to traffic. VMT
estimates for 1993 were then made by interpolating the traffic growth trends established
by the baseline 1990 and 1996 simulations.

1. DVRPC Travel Simulation Process

The travel simulation models at DVRPC follow the traditional steps of trip
generation, trip distribution, modal split, and travel assignment.

Trip Generation

Trip generation is the first step in the modeling process. Person, truck,
and taxi travel is generated from census tract-level estimates of
households and employment through the use of trip rates disaggregated
by trip purpose (home based work, home based non-work, non-home
based), auto ownership, and area type (CBD, fringe, urban, suburban,
rural, and open rural). Estimates of external and through highway and
transit travel are developed from population and employment estimates in
counties surrounding the Delaware Valley region.

Trip Distribution

Travel from census tracts within the region is allocated to destinations
within the region with a gravity model. This model assumes that the
propensity to travel to a destination tract increases with the attractiveness
of the destination (as measured by employment) and decreases as the
difficulty of traveling between zones increases. This travel impedance is
measured by travel time and cost for both the highway and transit modes.

Modal Split

The modal split model divides the travel between census tracts within the
region into transit and highway components. Generally, the propensity to
use public transit increases with the relative transit-to-highway service
levels. The relative service levels are estimated through highway and
transit out-of-vehicle time and in-vehicle time; highway operating costs
and parking charges; and transit fares. In addition, auto ownership, transit
submode, household income, trip purpose, and the consumer price index
further define the trip-maker's choice between highway and transit. The
auto occupancy model determines the average number of persons per
automobile. This value is used to convert auto person trips to auto vehicle
trips. Auto occupancy is estimated by trip purpose and trip length.
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Highway Assignment

The final step in the process is to assign the estimated highway vehicle
interchanges to specific facilities. This is accomplished by determining
the best route (minimum time and cost) route through the highway
network and on this basis allocating highway travel to individual links.
Congestion levels are considered in determining the best route.

The procedure for the highway assignment is based on a minimum time
path subject to the "equilibrium" capacity restraining method. In an
equilibrium assignment, the trips between zones are allocated to alternate
paths in such a way that the travel time over each path is equal, and
therefore, no faster path can be found given prevailing congestion levels.
Once route assignments are made, link volumes needed for VMT
calculations are available.

2. Travel Simulation Model Assumptions

The travel simulation model requires a series of inputs that reflect the magnitude
and distribution of socio-economic activity within the region and the transportation
facilities that are assumed to be open to traffic.

Highway Network

The highway network used to estimate VMT contains all freeways and
arterial roadway segments within the nine-county area currently opened to
traffic. The network is very large, covering the 9,886 square kilometer
(3,817 square mile) DVRPC region at an average density of about 12.2
one-way links per square mile. Overall, the network contains over 1400
traffic centroids, 12,500 nodes, and more than 34,000 network links for
purposes of minimum path building and highway assignment.

This network contains more than 6,700 miles of highways, which
constitute virtually all freeways and arterial facilities, and about 11 percent
of the local roads. These local facilities are mostly minor streets within
local communities, industrial parks, and residential subdivisions.
Significant amounts of vehicular travel also occur on local streets not
included in DVRPC's regional highway network. For purposes of VMT,
this off-network VMT was estimated by county, based on the mileage of
missing streets and an average off-network link traffic volume. Local
roads usually carry small traffic volumes and, in total, are thought to
contribute 12 to 18 percent of VMT, despite comprising about two thirds
of the region's highway mileage.



10 Estimating and Monitoring 1994 and 1995 VMT in the Delaware Valley Region

Projected Socio-economic Trends

The results of the 1990 and 1996 simulations show a continuing growth of
travel in the region. Population is projected to grow almost 3% in the 6
years between 1990 and 1996 to about 5.3 million persons. Over this
time period, the number of households and auto ownership is expected to
continue to grow faster than population (4.7 and 11.5% respectively).
Employment across the region will also increase faster than population,
reflecting a continuation of the current trend toward two-earner
households. The regional employment increase is estimated to be about
5%. Growth rates are substantially larger in New Jersey than they are in
Pennsylvania. These population and employment projections were
interpolated from projections for the year 2000 adopted by DVRPC in
June 1993. They are available in the July 1995 report Estimating and
Monitoring 1993 VMT in the Delaware Vailey Region.

3. 1990 and 1996 Travel Simulations

In total, about 17.6 million person-trips are projected within the Delaware Valley
region on an average weekday in 1996. Of these, 4.1 million will be home-based work
trips. Average trip times and distances are projected to increase slightly as a result of
disproportionate increases in travel in the suburban and rural parts of the region.
Generally, regional vehicle trip origins are growing faster than either population or
employment - almost 8% between 1990 and 1996. This growth results from declining
household size, a significant projected increase in the number of multi-car households,
and ongoing decentralization of regional residential and commercial activities from
urban into suburban and rural areas.

The simulations project a slight decline in public transit's share of regional trips,
from 5.3% in 1990 to 5.1% by the year 1996, primarily as a result of projected growth in
residential and commercial activity in suburban and rural areas with little or no transit
service. Actual transit ridership is projected to increase by 1.4% to slightly more than
885,000 trips on an average weekday, but total trip demand is expected to increase by
7.8%. Most of this increase in demand will be accommodated by private automobiles.
The average automobile moving on the region's highways now carries 1.43 persons,
and this is expected to change little over the planning period. Residents are most likely
to drive alone when traveling to or from work, averaging an occupancy of 1.14. When
traveling between home and non-work destinations, however, the vehicle occupancy
rate increases to 1.68 persons per vehicle. According to DVRPC's travel assignment
model, regional VMT is projected to grow by about 10.2% over this six year period to
about 97.3 million VMT during an average weekday. VMT estimates for 1993 were
made by interpolation. For each municipality within the region, the simulated VMT from
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the highway assignment was tabulated for 1990 and 1996. A fixed percentage of the
VMT difference between 1996 and 1990 was added to the 1990 estimate to produce
the 1993 estimate for that municipality. The resulting VMT estimates were then added
to produce county, state, and regional totals.

C. DVRPC Enhanced Sample of Traffic Counts

DVRPC developed an enhanced HPMS sample to estimate VMT in the
Delaware Valley Region. The first step in the VMT estimation was to design the
sampling procedures. The sampling plan consisted of the random selection of a panel
of road sections. These procedures followed the FHWA guidelines."

The DVRPC procedure varies from the HPMS field manual in three respects.
First, samples were taken on rural minor collector, rural local, and urban local roads.
The federal monitoring system does not require that rurai minor coliector and iocai
roads undergo the stratification process; nor does the manual even require that counts
be taken on such roads. DVRPC included these functional classes in order to
determine the amount of VMT traveled on local roads, based on ground counts.

Second, counts were taken in the same year. HPMS requires that the sample
panel be counted in three years; one-third of the facilities are counted every year.
Growth factors are applied to those roads that were not counted in the current year.
DVRPC counted all roads in the sample panel in the same year. '

Finally, the DVRPC sampling method varies from the HPMS procedure in the
sample size. The sample size was designed with a higher confidence level and
precision level than those required by HPMS. These requirements increased the size
of the sample panel, and enhanced the accuracy of the results.

1. Sample Size Design for VMT Estimation

DVRPC estimated the length and number of highway sections (links) by
functional class, area type, and volume group based on the current highway system in
each county, state, and in the region as a whole. The total road mileage in the region is
20,411. These roads were divided into two categories, urban or rural, depending on the
area in which they are located. For this project, DVRPC counted traffic along six
functional classes in rural areas and six functional classes in urban areas. Table 1
shows the sample mileage for each functional class.

IFHWA Order M 5600.1A , "Highway Performance Monitoring System: Field Manual for
the continuing analytical and statistical database”, FHWA, August 1993.
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Table 1
Functional Classifications and Mileage

Code | Functional Class Mileage

Rural Areas
01 Principal Arterial -- Interstate 23.4
02 Principal Arterial -- Other 162.7
06 Minor Arterial 85.7
07 Major Collector 101.3
08 Minor Collector 66.8
09 Local 84.9

Subtotal 524.8

Urban Areas
11 . Principal Arterial -- Interstate 101.6
12 Principal Arterial -- Other Freeways 73.9
14 Other Principal Arteriai 237.6
16 Minor Arterial 227.6
17 Collector 109.2
19 Local 31.0

Subtotal : 780.9

TOTAL 1,305.7

The sample was designed to yield a desired precision rate of 4.2% with a 90%
confidence level at the regional level. The sample size was compared to the existing
HPMS samples. Additional locations were selected to supplement the states' existing
samples. The additional samples, in effect, represented an enhanced HPMS for the
Delaware Valley region. Table 2 shows the sample design and the actual number of
counts used in the study.

Sample Design for Estimating

Major Highway Traffic | Confidence | Precision

Functional Class Counts Level Rate
Interstate/Expressway 129 90% 5.6%
Other Principal Arterial 555 90% 4.7%
Minor Arterial 447 90% 6.4%
Collector 415 80% 4.6%
|Local 235 80% 7.6%
PA Total 1,061 90% 5.4%
NJ Total 720 90% 6.6%

Regional Level 1,781 90% 4.2%
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2. Selection of the Sample

Once the sample requirement was determined at the state and county levels,
DVRPC determined the sample requirement by area type (urban or rural) for each
functional class, based on the miles of road by area type for each functionai class. it
was also necessary to consider the sample requirement based on the area type of the
county as a whole -- for example, Philadelphia is a totally urban county, so rural
samples could not be chosen from it. Thus, rural samples had to be selected from
those counties that contain rural areas; in Pennsylvania, this essentially limited rural
samples to Bucks, Chester, and Montgomery counties. In the sample selection
process, it was also desirable to select facilities which were locally owned and
maintained, as well as State-owned routes. This selection was not available for all
functional classes of roads, such as interstate and arterial roads.

Using road and functional classification maps and taking into account the 1990
urban boundaries for each county and state, the candidate facilities were determined.
The samples were randomly chosen to yield the required number of sections for each
state, county, functional class, and area type. The selected samples were then located
and identified by functional class on the appropriate county map. A listing of the
selected samples was prepared for each county by functional class and area type.
(See Appendix A.)

3. Collecting and Processing of Traffic Counts

DVRPC used automatic recorders to collect traffic counts. This is the most
common type of count collected by DVRPC when only the total number of vehicles is
sought for the purposes of traffic analysis. It consists of a counting unit installed by a
field technician at a predetermined location and anchored to a fixed object, such as
utility pole, tree, sign pole, etc.

At the end of a typical forty-eight hour recording period, the data were delivered
to the office for verification and processing. Paper tape counts were entered into a
spreadsheet program, while electronic counter data were downloaded into a personal
computer (PC).

Once the "raw" counts of the chosen samples were available in a standard and
readable format, they were processed to derive estimates of average annual daily traffic
(AADT) representative of any day throughout the year. Factors representing route type,
month of the year, and/or day of the week were applied to the 24-hour "raw" count total
to adjust for daily and seasonal variations. Axle correction factors were also applied.
Table 3 shows the axle correction factors used in the process.
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Table 3
Axle Correction Factors

for Adjusting 24-Hour Counts

Rural Areas Factors
Principal Arterial -- Interstate 0.91
Principal Arterial -- Other 0.93
Minor Arterial 0.95
Major Collector 0.97
Minor Collector 0.99
Local 1.00

Urban Areas Factors
Principal Arterial -- Interstate 0.92
Principal -- Other Freeways 0.94
Other Principal Arterial 0.96
IMinor Arterial 0.98
Collector 0.99
Local 1.00

After the counts were factored, an edit was performed to check each count for
reasonableness. Any count that failed this edit was rejected from further analysis or
processing. All of the functional classes sampled were edited.

A geographic information system (GIS) using TransCAD software on a PC was
used to facilitate data analysis. The volume counts had been geo-coded for the 1993
VMT estimation project, and were now updated with the 1994 and 1995 counts. This
GIS database is part of an on-going DVRPC project to develop a comprehensive GIS
for transportation applications including travel monitoring, travel demand forecasting,
transit planning, and congestion and facility management.?

4. Vehicle Miles of Travel Estimation
DVRPC estimated VMT through the following steps:

1. Determine the estimated VMT for every sample count by multiplying the
AADT times the link distance by functional class.

2. Aggregate the estimated VMTs and link distances for each volume group
by functional class.

2Delaware Valley Regional Planning Commission. “Geographic Information System for
Transportation Planning.” Publication No. 95007. Philadelphia, May 1995.
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3. Divide the universe distance by the sample distance by functional class to
obtain the sample expansion factor.

4. Estimate the total VMT by multiplying the aggregated VMTs for each
functional class by the expansion factor.

Tables 4 and 5, on pages 16 and 17 respectively, show the estimated VMT
grouped by county, area type, and functional class for 1994 and 1995. Table 4 shows
the estimated VMT for the five counties in Pennsylvania and Table 5 shows the
estimated VMT for the four counties in New Jersey.

In Pennsylvania, Chester County has the largest share of VMT in rural areas,
and Philadelphia County has the largest share of VMT in urban areas. By functional
class, roads labeled “Principal Arterial-Other” have the greatest share of VMT in rural
areas, and roads labeled “Other Principal Arterial” have the greatest share of VMT in
urban areas.
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18 Estimating and Monitoring 1994 and 1995 VMT in the Delaware Valley Region

In New Jersey, Burlington County has the largest share of VMT in rural areas,
and Camden County has the largest share of VMT in urban areas. An analysis by
functional class reveals similar patterns as those in Pennsylvania: in rural areas,
“Principal Arterial-Other” has the largest share of VMT, and in urban areas “Other
Principal Arterial” has the largest share of VMT.
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lll. Comparison of VMT Data Computed Based on Three Estimation
Methodologies

DVRPC compared the VMT estimates based on traffic counts and the estimates
based on DVRPC's travel simulation model.

Table 6 compares estimated VMT based on the three methodologies for
Pennsylvania. The difference between VMT estimates based on 1994 DVRPC
enhanced traffic counts and those based on the DVRPC travel simulation ranges from
-8.7% in Chester County to 11.5% in Delaware County. The table indicates that the
percent of difference in 1994 was lower for every county when compared to 1993, with
the exception of Chester County (-1.5% difference in 1993 to -8.7% difference in 1994).

The difference between 1995 VMT estimates based on the travel simulation
model and traffic counts ranges from -8.5% in Chester County to 11.9% in Delaware
County. Table 6 shows that the change in percent of difference from 1994 to 1995 for
these estimates range from a low of -0.3 percentage points in Bucks County to a high of
0.4 percentage points in Delaware County.

Table 6 also compares VMT estimates based on the DVRPC enhanced traffic
counts and VMT estimates based on the Pennsylvania HPMS data. The differences
between the estimates range from -13.8% (Chester County) to 11.1% (Delaware
County) for 1994. The 1995 VMT estimates are fairly similar, with differences ranging
from -11.8% (Chester County) to 10.4% (Delaware County).

As the table indicates, the difference between VMT estimates based on the
DVRPC enhanced traffic counts, the DVRPC travel simulation, and Pennsylvania
HPMS data is relatively small. The difference between 1994 VMT estimates based on
the DVRPC travel simulation and estimates based on the enhanced traffic count
procedures is -1.3%. The difference for these same estimates in 1995 is also -1.3%.

The total difference between 1994 VMT estimates based on Pennsylvania HPMS
data and estimates based on the enhanced traffic counts is about -4.5%. The total
difference between 1995 VMT estimates for the same comparison, is around -4.4%,
reflecting very minimal differences between the VMT estimates.

This comparison is not possible for NJ counties due to the unavailability of the
state's HPMS data at this time.
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Table 7 compares VMT estimates based on the three methodologies by area
type for Pennsylvania and New Jersey. In 1994, the percent of difference between
VMT estimates based on DVRPC travel simulation and VMT estimates based on
DVRPC enhanced traffic counts by area type is larger in New Jersey (-7.8%) than in
Pennsylvania (-1.3%). Similarly, this percent of difference for the 1995 VMT estimates
is -7.5% in New Jersey and -1.3% in Pennsylvania.

The enhanced counts method for the rural and urban areas of the Pennsylvania
side of the region estimated a higher VMT than the one estimated by the simulation
method for 1994 and 1995. For both of these years, the travel simulation in
Pennsylvania is -4.5% lower in rural areas and -0.7% lower in urban areas than the
enhanced counts. On the New Jersey side of the region, the 1994 VMT estimate
determined by the travel simulation is lower than VMT reached by the enhanced counts
method by -5.1% in the rural area, and by -8.4% in the urban area. The 1995 VMT for
the same comparison in New Jersey is lower by -4.7% in the rural area, and by -8.1% in
the urban area.

Under the Pennsylvania HPMS method, VMT in the rural area is underestimated
by -22.7% in 1994, and by -23.2% in 1995. VMT estimates for Pennsylvania urban
areas are underestimated by -1.1% in 1994, and by -0.8% in 1995. VMT estimates for
New Jersey urban areas are underestimated by -8.0% in 1994, and by -10.6% in 1995.

A comparison of the difference in VMT estimates for rural areas based on
DVRPC enhanced traffic counts and VMT estimates based on New Jersey HPMS data
could not be made due to the unavailability of the data.
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IV. Findings and Conclusions

A comparison of 1993, 1994, and 1995 VMT estimates for the Delaware Valley

Region indicate the following findings:

Regional VMT increased by 2.7% between 1993 and 1994, and by 1.1%
between 1994 and 1995.

Pennsylvania VMT grew 2.4% between 1993 and 1994, and 1.1% between 1994
and 1995. New Jersey VMT grew 3.3% between 1993 and 1994, and 1.2%
between 1994 and 1995.

As expected, the majority of VMT in both states occurred in urban areas, with
most derived from non-freeway principal arterials and minor arterials (functional
classes 14 and 16). Less than 20% of the total VMT occurred in the rural areas
of the region.

The growth from 1993 to 1994 VMT in rural areas out paced the growth in VMT
in urban areas in both the Pennsylvania side (3.8% growth in rural areas, 2.1%
growth in urban areas), and the New Jersey side (6.0% growth in rural areas,
2.7% growth in urban areas).

The growth in 1995 VMT from the 1994 VMT of the rural areas is slightly higher
than the growth in VMT in urban areas in Pennsylvania, while the New Jersey
side shows a slightly higher growth in 1995 VMT for the urban areas as
compared to the rural areas in 1994.

The enhanced sample methodology generally estimated a higher VMT than the
ones derived from the travel simulation and HPMS/RMS data.

The VMT was underestimated more significantly by state HPMS or RMS data
than by the DVRPC travel simulation. The underestimation of VMT by the travel
simulation and state data may be caused by the lack of local links in those
methodologies. The travel simulation contains only about 10% of the region’s
local roadway mileage, while the state data contains an even lower percentage
of local links.






Appendix A
HPMS Field Manual’'s Prescribed Volume Groups and Precision Levels
Universal Mileage for New Jersey
Universal Mileage for Pennsylvania
Sample Size for Estimating State and Regional VMT
Regional Highway Links and Sample Traffic Counts for Estimating VMT






'0dyAQ Agq padojensp a1em sdnolb swnjoA [gooT ,

0008 =10 < 00000} = 1o < 00000} = 10 < 000GLL = 0 < 000'GEL = Jo < €l
666, - 000°. 666'66 - 000°06 666'66 - 000'06 666'7LL - 000°00L |666vEL - 000°0Z} ¢l
6669 - 0009 66668 - 000°08 666'68 - 00008 66666 - 000°G8 666'6LL - 000°SOL b
666'G - 000°S 666'6. - 000°0L 666'6. - 000°0L 6668 - 000°0L 666'¥0L - 000°06 ol
666 - 000'Y 666'69 - 000'09 66669 - 000°09 66669 - 00009 66668 - 000°08 6
666°C - 000°€ 666'6G - 000°0S 666'6G - 000°0S 666'6S - 000°0S 666'6. - 000°0.L 8
666'C - 000°C 66667 - 000°0Y 666'67 - 000'0¥ 666'6Y - 000°0% 666'69 - 00009 L
666 L - 000°L 666'6€ - 000'0€ 666'6€ - 000°0€ 6666 - 000°0€ 66665 - 000°0S 9
666 - 00§ 666'6C - 000°0C 666'6C - 0000 666'62 - 00002 666'67 - 000°'0F g
66V - 00¢ 666'6L - 000°0} 666'6L - 0000} 666'6L - 000°Gl 666'6E - 000°0€ 4
66¢ - 002 666'6 - 000°G 6666 - 000°S 666'vL - 0000} 666'6C - 000°0C €
661 - 001 666V - 00S°C 666'% - 00S°C 666'6 - 000°G 666'6L - 0000} [4
66 -0 66Y'C -0 66%'C -0 666V -0 6666 -0 }
(01-08) (01-06) (s-06) (5-06)

10}29]109 el Yy |leualy aje)siaju|

Joflepy Jouip jedisuild J19Yy30

SVYIHV TviNd

(e661 ‘0€ Isnbny ‘g1°009G IN 48PIO YMHA)
S|aAe] uoIsioald pue sdnoic) swn|o ajdwes plepuels

ST3A3T NOISIOTdHd ANV SdNOAD FNNTOA d3d1I40S3dd

A-1



*0d¥Ad Aq padojanap aiem sdnoib swnjon [eooT ,

000'0L = 10 < 00000} = 10 < 00000l =10 < 00000l = 10 < 00000 = J0 < 00000 = J0 < €l
666'6 - 0058 666'66 - 000'G8 666'66 - 000'G8 666'66 - 000'G8 666'66¢ - 000'GLZ |666'66C - 000'G.Z cl
66¥'8 - 0002 666'¥8 - 000'0Z 666'¥8 - 000°0.L 666'¥8 - 000°0.L 666'¥.2 - 000'0S¢ |666'¥.C - 000'0SC L
666'0 - 00S'G 666'69 - 000'GS 666'69 - 000'GS 666'69 - 000'GS 666'6¥C - 000'GZZ |666'6¥C - 000'GZC ol
66¥'S - 00S'V 666'¥S - 000'Gy 666'vS - 000°GY 666'vS - 000°GY 666'vZZ - 000'00C |666'v2Z - 000'00C 6
66¥'vy - 00G'E€ 6667y - 000°GE 666'vy - 000°GE 666'vy - 000'GE 666'66L - 000'G.L |666'66L - 000°GLL 8
66¥'€ - 00S'C 666'P€ - 000'GZ 666'v€ - 000'SZ 666 - 000°GZ 666'7.L - 000'0SL |666%.L - 000°0SL L
66¥'c - 00G'L 666'¥C - 000'GL 666'¥C - 000'02 666'¥C - 000°02 666'6¥L - 000'Gcl |666'6¥L - 000°GClL 9
66¥'L - 000l 666'vL - 000°0} 666'6L - 000'GL 666'6L - 000'SL 666'¥2L - 000'00L |666'¥2L - 00000} G
666 - 009 6666 - 000'G 666'¥L - 000°0L 66671 - 000°0L 666'66 - 000'GL 666'66 - 000'GL 4
66V - 00C 666t - 0002 666'6 - 000°'S 6666 - 000G 666'7. - 000'0S 666'¥. - 000'0S €
661 - 00l 666'L - 000°L 66617 - 0062 666'Y - 00§°C 6666y - 000°GZ 666'6F - 000'G¢C [4
66 -0 666 -0 667'C -0 661'C -0 6667 -0 666'7C2 -0 l

(s-06)
leually
fediduiid 18y30

(oL-06)
leLiajy

(01-08)
10199||0)

(5-06)
sAemssaidxg pue
sAemaald 18410

(s-06)
ajelsialu|

Joul

SVYIAV Nvadn

(c661 ‘0¢ 1snbny ‘gL°"009S W 49PIO VAMHAL)
s|eAaT uoisioald pue sdnols) swnjoA sjdwes piepuels

ST13A3T NOISIOFdd ANV SdNOYO FNNTOA d3g140S3dd



mo.”mcae |38 414! 00°0s€T 00° 1281 6°6ErT

CTovee ov'vS9 S9EVS CL9STI S¥°'686 [e007] :UueqlIf)
L9"8SY 61°L6 6T 1L ¥8°CLI SELIT 10309710D ‘UBQIN)
LOLTS IyLl LTOV] 08°SLT 65°9CC [eLIoMY JOUTN -ueqif)
£9°50¢€ (427 L1°9¢ y0°S8 06'68 [ereuy [edioulid 10y ‘ueqI()
EULL S8 ¥l 96°6¢ 1eve Iv'Cl ToO-[ereuy fedroulid :ueqin
YO'LL Ly'6C 676 06°L1 8¢0¢ aeIsIou-[eLoNy [edioulld :ueqin)
68 V1Tl 9 1€l 00°0%¢ LSy IL°L69 [e007] eIy
01°s6 ceee 8TLI 1) orsy 10103[J0D) JOUIN -[elry
9L716C eL'eS 8E¥6 LS'TI 80°¢eEl 10300][0D) oA :Teny
¥6'89 $8T 98°'S¢ ce9 16'¢€ [BLISMY IOUTN ‘el
L0'8C1 96'8 YL'8¢ 8¢Sl 6679 ToyiQ-[erepy [edioutid :[einy
IS°0¢ S6'6 IS°L 000 SOEl ore)sIU]-[eLIMY edroulld :Jeiny

[e10L BERRET T 19)$39n0[ D) wpwe)) uoysSulIng sse[) [euonIunj

ISRIIA] [BSIdAIU[)

Aasiap map 10} abes|IN _mm._u>_=3

A-3



9 90s€ 1

0bTIFT

20°sSTE

89°€ILI

8ST'L8IE

0°LS99
$69101
Iv'168
oT€LL
£1'801
8ISyl

00°€ELT
€S LTy
16'1LC
18°8¢C
96'CET
0101

00'018°T
Socvl
60°10C
89°81¢
LO9
(K43

00°0
000
000
00°0
000
00°0

00'SL8T
6T796C
LO'¥8C
67881
yIve
SL'8E

009t¢
Ge8¢E
98°LE
19'vy
99'1L
000

00°€0T°1
8CC81
12414
c0cel
ILy
09°6¢

00°¢¢
000
96'1
000
L9C
000

20919
LSLIT
S8°0T11
SYLL
8¢°6¢
09°S1

00°685°1
€0°581
IT¥ST
SI'v6
79°18
0101

81°8¢€67

00°€ST°l
9L'8L1
96'991
CL9S1
£8°¢€C
cLoe

00°69L
ST'¥0T
86°LL
S0°001
10°LL
000

[e007 :ueqin)

10309[[0)) :UBQIN)

[eLIOWY JOUIJA UBQI()

ey Jediounid 1oq1Q ueqIn)|
IoyQ-Terelry [edoung ueqin
djeisIoul-[erIoly [edound ueqin)|

[e00T :JeImy
10309[[0D) IOUTJA] :[eIny
10309[[0D) IofeJN TeIny

[eLIONY JOUTJA :[eIny
IoylQ-[eneny [edoun eIy
SjeIsIoUl-[eLIOMY [edourid ey

aremep(

19)83Y)) sse[) [euonduny

[elol enjdppepiyd  A19woS)uoy

ﬁ 3BIIAl [BSI2AIUN
|

elueAjAsuuad 1o} abea|i|\ [esidA1UN



Sample Size for Estimating State and Regional Vehicle Miles of Travel

(Number of Traffic Counts)
Highway Functional Class

Expressway/ | Other Principal Minor
County Freeway Arterial Arterial |Collectors| Local TOTAL

Bucks 14 70 62 61 27 234
Chester 13 76 61 63 26 239
Delaware 14 44 34 28 24 144
Montgomery 15 75 60 62 28 240
Philadelphia 17 66 53 38 30 204
|

Burlington 13 68 64 62 27 234
|Camden 14 56 37 33 25 165
Gloucester 15 53 39 38 24 169
Mercer 14 47 37 30 24 152

Major Highway

Regional

Sample Traffic Counts

Percent of Total Links

Functional Class Links Design Actual Design Actual
Expressway/Freeway 337 129 107 38.3% 31.8%
Other Principal Arterial 3,641 555 536 15.2% 14.7%
Minor Arterial 4,032 447 445 11.1% 11.0%
Collector 5,124 415 389 8.1% 7.6%
Local 27,890 235 198 0.8% 0.7%







Appendix B
Sample Traffic Counts by County and by Functional Class
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