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EXECUTIVE SUMMARY

Federal regulations require that areas with severe air quality problems, measure and
monitor the number of occupants in vehicles using the highway network. Currently, the
Philadelphia area is classified as an ozone non-attainment area. In FY 1996, the New Jersey and
Pennsylvania Departments of Transportation (NJDOT and Penn DOT), as required by federal
regulations, requested that the Delaware Valley Regional Planning Commission (DVRPC)
undertake a study to determine the average vehicle occupancy (AVO) rates found in the region.
The region comprises Burlington, Camden, Gloucester, and Mercer counties in New Jersey;
and Bucks, Chester, Delaware, Montgomery, and Philadelphia counties in Pennsylvania. The
AVO rate is derived by dividing the total number of observed occupants, including the driver,
by the number of vehicles surveyed.

A total of 109 locations was sampled, 54 in New Jersey and 55 in Pennsylvania, which
is sufficient to provide statistical validity to the study at the state level, with the recommended
95 percent confidence level and +3 percent sampling error. The survey was conducted for a
classification of eight vehicle types that included passenger cars, vans, trucks, and buses. The
survey also recorded additional parameters (e.g., functional class, area type, time interval) that
provided supplementary information needed for detailed analyses.

The analysis of the field data provided the following important conclusions:

° On a typical day, the average vehicle occupancy rate for all vehicles in the New Jersey
portion of the region was 1.30, with the rate ranging from 1.24 in Mercer County to
1.41 in Camden. In Pennsylvania, the rate was somewhat lower and ranged from 1.17
in Delaware County to 1.24 in Bucks, for an average of 1.21. This interstate difference
was observed across all vehicle types and highway functional classes, although for
trucks the difference was statistically insignificant.

° The class of vehicles with the lowest occupancy rate was represented by trucks with a
rate of 1.06 in New Jersey and 1.05 in Pennsylvania. The combined rate for
automobiles, pick ups, and vans was 1.22 persons per vehicle in New Jersey and 1.17
in Pennsylvania, and that for buses was 9.30 and 8.51, respectively. The largest
variance occurred in this last class, which ranged from 8.05 in Chester County to 10.08
in Camden County. In contrast, the largest variation among the nine counties found for
any other vehicle type was 0.15 person per vehicle.

° The aggregate rate for all vehicles shows an inverse relation with functional class, i.e.,
the higher the functional class of a road the lower the rate. In New Jersey, the rates
ranged from 1.22 for interstate highways to 1.33 for minor arterials, collectors, and
local roads; and in Pennsylvania, from 1.17 for interstates to 1.28 for local roads.

] Average vehicle occupancy rates tend to be lowest during the morning peak hour, rising
during the day, reaching a peak in midafternoon, falling somewhat for the afternoon
peak, and then rising into the evening. In New Jersey, the combined rate for autos,

v



pickups, and vans rose from 1.15 persons per vehicle before 8:00 a.m. to a peak of
1.26 in the afternoon, falling to 1.18 after 4:00 p.m., and then climbing back to 1.29
after 6:00. In Pennsylvania, the rates rise from 1.13 in the morning peak to 1.22 in
early afternoon, fall to 1.17 in the afternoon peak. In this case, no recovery from the
minimum was observed by 6:30, when counting was discontinued. This diurnal
variation is correlated to the field observations that reflect different trip purposes on the
roads in the morning peak (home to work), during midday (business, shopping,
recreation, etc.), and in the evening peak (a mix of work to home with other trip
purposes).

A comparison of the results of this study with the results of previous surveys, shows
shown that AVO rates are decreasing. This conclusion is supported by the ongoing growth in
vehicle ownership, decreases in family size, and rising income that the region has been
experiencing in the past few decades.

vi
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I. INTRODUCTION

Federal regulations to implement the 1990 Clean Air Act Amendments (CAAA) and the
Intermodal Surface Transportation Efficiency Act (ISTEA) call for a cooperative effort among
the states, metropolitan planning organizations, and transit operators to collect data on the
average number of persons occupying vehicles traveling on regional highways. In addition,
the results of such a study will be used to update and support various projects in the DVRPC
work program dealing with transportation management systems, travel monitoring, and travel
simulation. Average vehicle occupancy (AVO) rates are derived from surveys. The federal
guidelines governing ozone non-attainment areas, such as the Philadelphia region, leave the data
collection method, duration, and extent of geographic coverage to the discretion of the data
collector. To monitor this characteristic, vehicle occupancy data should be updated every three
years. To comply with this federal requirement, the Pennsylvania and New Jersey Departments
of Transportation (PennDOT and NJ DOT), have requested the Delaware Valley Regional
Planning Commission (DVRPC) to undertake a study of vehicle occupancy in the Delaware
Valley Region, comprised by Bucks, Chester, Delaware, Montgomery, and Philadelphia counties
in Pennsylvania; and Burlington, Camden, Gloucester, and Mercer counties in New Jersey.

This two-phase project started in Fiscal Year 1996 with Phase 1 covering the collection
and processing of data for the New Jersey portion of the DVRPC region, and Phase 2 in FY 1997
covered the Pennsylvania portion.

This report on average vehicle occupancy describes the study, the survey sample design,
methodology, processing and analysis, and conclusions. Section II describes the sample design,
and Section III the methodology used to collect the counts. Since the New Jersey and
Pennsylvania portions of the DVRPC region were covered in two separate surveys, the analysis is
presented separately, with that for New Jersey in Section IV and Pennsylvania in Section 5.
Appendices describing the theory linking sample size and accuracy, listing survey locations, and
tabulating vehicle counts and average occupancy rates by location and vehicle type are also
included.
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II. SAMPLE DESIGN

The first step in sample design is to choose a sampling procedure that will provide the
study with the desired statistical reliability. The size of the sample used for this study was
determined by the statistical equation shown in the appendix (see page A-1). The sample was
designed to yield a precision rate of +£3 percent at a 95 percent confidence level at the state and
regional levels. The confidence level represents the probability (here, 95%) that the count will
fall within the range specified by the precision rate (here, +3%). The precision rate
represents the maximum tolerable sampling error.

In total, 109 locations were surveyed, 54 in New Jersey and 55 in Pennsylvania. This
sample, however, does not provide the number of counts required to yield the same precision
rate and confidence level for each highway stratum when the results are disaggregated by
federal functional classification and area type. To obtain the desired precision for each of
these strata would require a budget and manpower beyond the resources available.

With the exception of the functional classification and area type at regional and state
levels, the sampling plan of this study should generate expected results with margins of error
less than +3 percent with the sampling error allowance at the 95 percent confidence level,
since the number of survey days exceeded the minimum of 16 link-days as indicated in the
Appendix. A link-day represents a full day count taken at one location.
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III. METHODOLOGY
1. Selection of Vehicle Categories

Vehicle occupancy data was collected on the following vehicle classifications: automobiles,
passenger pickups, work pickups, passenger vans, work vans, light trucks, heavy trucks, and
buses. For tabulating purposes, passenger and work pickup occupancy data were aggregated
into a "total pickup" occupancy category, that for passenger and work van data into a "total
van" occupancy category, and that for light and heavy truck data into a "total truck" occupancy
category. Finally, automobile, pickup, and van occupancy data were combined into an
"aggregated automobiles, pickups, and vans" category. In summary, the following vehicle
classification categories were used:

A. Automobiles, Pickups, and Vans
1. Automobiles
2. Pickups
a. Passenger pickups
b. Work pickups

3. Vans
a. Passenger vans
b. Work vans
B. Trucks

1. Light trucks
2. Heavy trucks

C. Buses

2. Location Selection

After designing the sample size, DVRPC, in cooperation with PennDot and NJ DOT,
selected the individual sample locations to be counted in each county. The samples were
distributed among various types of functionally classified highways as follows:

Functional Class NJ PA
Interstate 4 6
Other Expressway 4 6
Principal Arterial 12 11
Minor Arterial 11 10
Collector 14 12
Local 9 10

Total 54 55
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In addition, the Interstate and Other Expressway categories were aggregated to determine
combined vehicle occupancy data for limited access highways, as were the Minor Collector and
Local categories for neighborhood facilities.

The locations selected for the study were chosen to provide a representative sample of all
types of facilities with both urban and rural characteristics, and accommodating various levels of
traffic, in each of the nine counties of the region.

A prime consideration in choosing a count location is the physical characteristic of the
site. The selected locations provided a place to set the counting equipment and a safe and
accessible location for DVRPC personnel to perform the manual counts. Whenever possible,
Interstate and Other Expressway sample locations were selected on the basis of the existence of
a median to permit traffic counters to be secured and protected from damage and vandalism.

3. Data Collection Equipment and Counting Techniques

DVRPC used two counting techniques for this study: the automatic classification recorder
count, which efficiently and cheaply provided vehicle counts and classification; and manual
counts, which were needed to obtain the number of occupants and verify vehicle classification.

a. Automatic Classification Counts - Automatic traffic counters are used to determine
the number and type of vehicles passing a particular location. The counters are anchored to a
fixed object, such as a utility pole, and use sensors (rubber hoses) that stretch across the width of
the road. A diaphragm switch, actuated by the tires of a vehicle passing over the hose, sends an
air pulse to the recorder, which in turn activates the electronic memory. A clock mechanism set
by the field operator determines the time for tallying the number of vehicles counted. At the end
of a counting interval, usually a sixty minute period, the data is electronically stored in the
counter memory. Power for the counters is supplied by long lasting, rechargeable batteries.

By using two road tubes spaced at a known distance, the electronic counters can classify
vehicles according to their standard axle-pattern and group them into the eight categories used in
this study. If a machine had bidirectional classification capability, it was set accordingly. Field
personnel set the counters for approximately 48 hours over a three-day period. The second day
of the count provided a full 24-hour analysis period, and was scheduled to coincide with the day
of the manual count. At the end of a 48-hour counting period, a field technician picked up the
recorded counts from the locations and returned to the office to download and print the data.
Software in the Travel Monitoring Unit of DVRPC allowed the data to be transferred directly
from the electronic counters to the PC using the serial computer input port and cable.

Finally, each Friday, field personnel made sure that all of the counting devices were
synchronized to a common time basis, checked battery voltage, and verified the performance
conditions of each recorder in order to minimize errors or biased counts.
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DVRPC uses two automatic classification counters, the Peek TrafiCOMP III, Model 241
and the Timemark Delta I. The Peek TrafiCOMP III, Model 241 is a computerized traffic
counter used to perform volume and classification studies. The standard machine comes
equipped with an internal computer containing 64 kilobytes of memory, a keyboard interface
with a digital display, two air switches, one serial port, and a ten ampere-hour battery. This
combination yields a simple, easily contained method to gather, store, and process traffic count
data.

At a traffic count location, the machine is configured to perform the appropriate type of
study. The user must input a station identification number, count interval, and count type to the
machine. Additionally, for a classification count, the spacing between the two road tubes is
entered. To this information, the counter automatically adds the date and time of the count. The
counter is then armed and ready to begin the count.

The Timemark Delta I is an automatic traffic recorder that comes with a graphic user
interface. On the control panel of the counter, eight different sensor configurations are presented,
including two that are user defined. This allows the user to quickly and easily choose the correct
layout for both the machine and the road tubes. The Delta I also comes equipped with two air
switches, thirty-two kilobytes of internal memory, a slot for a one megabyte memory card, and a
six-volt, ten ampere-hour lead gel battery.

The procedure for setting up a Delta I for traffic counting differs from that followed for
most other counters. At the count location, the user must simply select the proper sensor
configuration from the control panel shown on the counter screen. The counter does not require
a station identification number or any other data from the user. It keeps the date and time
internally, and uses this information and the sensor configuration to store the data. When the
count is complete, the machine is downloaded to a personal computer for processing and
analysis.

The Delta I does not process the count in real time, as all processing is done later by the
software. This provides flexibility in choosing the information to be extracted from the count.

b. Manual Classification - The manual classification is generally considered to be
more reliable and accurate than the electronic recorder classification. In its simplest form, the
manual count is performed by field personnel using a counting tabulator, a sheet of paper, and
a pencil. However, most of the manual counts performed by DVRPC involved the use of
hand-held electronic counters. This type of counter is a state of the art device that allows the
user to count vehicles continuously, without having to take one's eyes off of the road. The
device tallies the vehicles counted at predetermined intervals, so that the field personnel need
not do so themselves. After the count is completed, the machine is downloaded onto a
personal computer (PC) where the data is integrated into a spreadsheet program for easy
handling and processing.
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DVRPC uses the TDC-8 manual classifier, manufactured by Jamar Technologies, Inc.,
a tool that helps in performing the most common traffic data collection studies, including total
volumes, turning movements, classification counts, and travel time studies. The TDC-8 stores
the type of study, the date and time, the interval used, a site code, and the data for each
location. At any convenient time, one can transfer the data to a personal computer through a
serial port and process it. A software program is available to read, edit, and print a variety of
reports.

A full range of built-in diagnostic tests assures that the TDC-8 is working satisfactorily.
Four disposable AA batteries provide the power necessary to perform the counts, with the
counter storing all data in its internal memory. The manufacturer provides four templates
showing how the keys are to be used when performing a selected study.

The manual counts were performed by two teams of two people at each location. The
manual classification counts were taken by direction and vehicles were classified into the eight
categories as described in the section on vehicle categories. The counting periods were from
7:00 a.m. to 9:30 a.m., 10:30 a.m. to 1:00 p.m., 1:00 p.m. to 3:30 p.m., and 4:00 p.m. to
6:30 p.m.. Each period was counted on 30 minute intervals.

Safety of field personnel was a prime consideration in this type of count. Therefore,
field conditions at each particular location, such as darkness or inclement weather, dictated the
actual count hours. The New Jersey counts were taken in the fall of 1995, ending in early
December 1995, and the Pennsylvania counts in the summer of 1996.

Once the field data were delivered to the office, checks were performed to verify that
no unusual conditions were reported that would lead to erroneous results. Individual spread
sheets were created for each survey station, and files were then combined for further analysis.
One of the initial processing steps was to determine the various criteria to be used for
calculating the occupancy rates. The rates can then be determined by any item contained in the
database.

Vehicle occupancy rates were calculated by dividing the total number of occupants
recorded by the total number of vehicles observed, i.e.,

Total Vehicle Occupants

Vehicle Occupancy Rate =
Total Vehicles

The raw data from the field were grouped and imported into a spreadsheet application
software package, which is ideal for calculating the rates. The results were then presented in a
practical and easy-to-understand spreadsheet format.
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IV. NEW JERSEY ANALYSIS

1. Survey Locations

The 54 survey locations for the New Jersey counties are shown in Map 1 following, and
listed in Table A-1 found in Appendix II. The tables also provide information on highway
functional class and area type. The locations are distributed almost evenly among the four
counties, with about 60 percent of the locations classified as urban. Care was taken to see that
all highway functional classes and area types were represented in each county’s selection.

2. AVO By Vehicle Type and By County

The AVO rates by county and vehicle type are reported in Table 1. The average for all
vehicles in the four New Jersey counties is 1.30 persons per vehicle, with the average for
individual counties ranging from 1.24 persons in Mercer County to 1.41 in Camden County.
Low auto availability and high transit usage probably combine to keep Camden County at the
top of the range, whereas heavy commuting to Trenton and the US 1 Corridor keep Mercer
County’s rate low. Burlington County and Gloucester County occupy the middle ground with
1.28 persons per vehicle.

The occupancy rates by vehicle type for all four counties are 1.22 for autos, 1.17 for
pickups, 1.25 for vans, 1.06 for trucks, and 9.3 persons for buses. Trucks are the vehicles
with the lowest rate of all, followed by pickups, and not surprisingly, buses display the highest
occupancy rate, ranging from 8.51 in Mercer County to 10.08 persons in Camden County.
The last result is a consequence of heavy bus loads on the Atlantic City Expressway.

3. Functional Class and Area Type

The functional class analysis indirectly provides insight into the average occupancy rate
for rural and urban areas. Results are tabulated in Table 2. In rural areas, the highest rates
were recorded, 1.31 or higher, for the lower functional classes, i.e., those represented by
local, collector, and arterial roads. In contrast, rates on expressways were 1.22 or lower. A
similar dependence on functional class was not observed for roads in urban areas.

Relatively much lower rates were found for the lower functional classes in urban areas,
when a comparison is made with the rural rates. Major variations between rural and urban
areas became apparent, especially with vans and trucks, with the urban areas displaying higher
rates. With buses, urban area showed higher rates for the higher functional classes, but the
situation reverses for the lower classes of roads.
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4. Analysis by Hour of Day

The counting periods of this study were designed in such a way that it is possible to
aggregate AVO rates for the morning peak hours (7:00 - 9:30 a.m.), midday period hours
(10:30 a.m. - 3:30 p.m.), and the evening peak hour (4:00 - 6:30 p.m.). Results are shown in
Table 3.

The lowest rate for autos occurs during the morning rush hours (1.16). The rate climbs
to a peak in early afternoon (1.26), and then falls back to 1.21 for the evening rush. The mix
of trip purposes that occurs during the afternoon and evening hours helps raise the rates as the
day progresses. Within the broader peak categories, the lowest morning rate occurs between
7:30 and 8:00 a.m. (1.14), and in the evening between 4:30 and 5:00 p.m. (1.18), i.e., at the
peak of the peak. Pickups do not show this clear diurnal variation, never moving far from the
full day average of 1.17. Buses, on the other hand, carry their heaviest loads during the peak
periods (9.41), with their lightest during the post peak morning hours (8.59). This tends to
dampen the variation observed for all vehicles, which climbs from 1.28 during the morning
peak to 1.34 in the afternoon, falling back to 1.25 in the evening peak.

5. Vehicle Availability and Occupancy

Finally, trend comparisons of vehicle availability for each county for the 1980 and 1990
Censuses, and vehicle occupancy for the 1987 household and 1995 roadside surveys are shown
in Table 4. Vehicle availability is defined as the number of vehicles available per person, and
has been calculated from Census data by dividing the available vehicles by the population for
each county. Unfortunately, the Census Bureau changed the way it counted available vehicles.
The 1980 number represents the total number of operable automobiles owned or leased by
county residents. In 1990 the category was expanded to include pickups and vans available for
personal transportation. In 1987 the New Jersey Department of Transportation conducted a
telephone survey of regional households, in order to determine the travel patterns of local
residents. The collected data included information on vehicle occupancy.

Vehicle availability from 1980 to 1990 increased in each of the four counties, with the
average being about 22 percent. Because of the change in the Census numeration, the actual
increase is somewhat lower, but still substantial. The table also shows vehicle occupancy
declining by an average of 8 percent. With the exception of Mercer County, which showed an
anomalously large occupancy rate in 1987, a larger increase in vehicle availability produces a
larger decline in vehicle occupancy.
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V. PENNSYLVANIA ANALYSIS
1. Survey Locations

The survey locations for Pennsylvania are shown in Map 2 following, and listed in Table
A-4 (Appendix II). The latter also provide information on highway functional class and area
type. The 55 locations are distributed evenly among the five counties, with about 67 percent of
the locations classified as urban. Care was taken to see that all highway functional classes and
area types were represented in each county’s selection, with the exception of Philadelphia
where all locations are classified as urban.

2. Analysis by Vehicle Type and by County

A summary of overall AVO rates for the five Pennsylvania counties is reported in
Table 5. The average for all vehicles in the five counties is 1.21 persons per vehicle, ranging
from 1.17 persons recorded in Delaware County to 1.24 in Bucks County. The low rate in
Delaware was driven primarily by a low rate for automobiles, the other categories remaining
comparable to the other counties. Chester, Montgomery, and Philadelphia counties
contributed 1.21, 1.20, and 1.23 persons per vehicle, respectively.

For the five counties as a group, the occupancy rates by vehicle type at state level were
1.17 for autos, 1.14 for pickups, 1.19 for vans, 1.05 for trucks, and 8.51 persons for buses.
As expected, trucks produced the lowest average rate and buses the highest. Buses also
showed the greatest variability between counties, with Chester County at the low end (8.05)
and Montgomery at the high (8.75). No other category varied by more than 0.04 occupant per
vehicle from low to high.

3. Analysis by Functional Class and Area Type

Average vehicle occupancy rates for the Pennsylvania counties are shown in Table 6.
In general, occupancy rates varied inversely with function class, i.e., the higher the class, the
lower the rate. Occupancy rates for all vehicles on expressways were 1.2 persons per vehicle
or lower, whereas the rates on other roads were generally higher than 1.23.

The functional class analysis indirectly provides an insight into the average occupancy
rate for rural and urban areas. In the Pennsylvania portion of the region, no consistent
difference was observed between rural and urban highways. However, buses did carry
significantly higher passenger loads in urban areas than in rural areas, 7.31 versus 8.71.



Vehicle Occupancy Study for the DVRPC Region

Page 18

ec’l
0c'L

L1
Lc'L
vel

698
G.'8
€lL'8
Ggo's
cs8

50'L
901

vo'L
€0’}
L0}

S3ILNNOD VINVATASNNEd 3H1 d04
3dAL 3T10IHIA ANV ALNNOD A8 ADNVdNOD0 ATOIHIA FOVHIAV

8Ll
oLl
Gl
A"
8Ll

le'L
oLl
6l
8Ll
oc't

g alqel

oLl
14"
A"
A"
o'l

8Ll
ol’L
14
LI
8Ll

elydjepe|iud
Aawobjuo
alemel|aq
Jajsayn
s)ong










Page 21

Vehicle Occupancy Study for the DVRPC Region

i 6£8 zzL £T'L 621 611 £zl ueqin
LE) 6L°L 621 YAl zz) YAl Al feny
YAl €18 Al £T'L 62’1 6L'L €Tl lesoT]
Vel 002 A 0zl zel 0z'L 611 ueqin
Al AL 0zl 6L'L ge’L 9Ll 8Ll feany
VTl 689 0zl 0z'L el 6L'L 6LL Jo3a9]j0D
vzl 068 pLL vzl vzl 8Ll 0z'L ueqin
pLL L1L0L voL pLL vl vl 611 leiny
€'l £0'6 4" £T’L €T’L L) 0z’ lelIayy Jouly
szl 616 0L 8Ll sz'L oLl 8Ll ueqgin
gc'L GG'9 Ll 6L°L oc't SL'L 6L°L feiny
szl 8.8 L0'L :] g szl 9Ll :] g 8 leuayy |ediound
0z'L vl vo'L 1L aL’L SLL AN ueqin
oc't gL', 90'L LLL oLl rLL gL'l leiny
0z'L 09°L S0l LL'L 9Ll SL'L L'} Kemssaidx3 J1ay3o
AN 59’8 €01 vLL pLL oLl vLL ueqin
8Ll €L 1oL LLL Lzl zLL L) leiny
Ll 658 €0 1%’ 147’ (1] Ay 140" ajejsiayu|

S3ILNNOD VINVATASNNZd 3HL ¥04

ddAL1 FT1OIHIA ANV SSVT1I TVNOILONNA AVMHOIH A8 AODNVdNOJ0 FTOIHAN JOVHEIAY
9 9|qel




Page 22 Vehicle Occupancy Study for the DVRPC Region

4. Analysis by Hour of The Day

The variation over the course of the day in 30-minute increments is shown in Table 7,
and follows a pattern similar to that seen for New Jersey. The lowest rate for autos occurs
during the morning rush hours (1.14). The rate climbs to a peak in early afternoon (1.22), and
then falls back to 1.17 for the evening rush hours.

However, unlike New Jersey, buses carried heavier loads in the late morning (9.57),
than during the peak periods (a.m., 8.76; p.m., 7.75). This may be the result of heavy transit
dependency in Philadelphia, senior citizen patronage (free carriage at off-peak times), and
reduced midday service.

Occupancy rates for autos, pickups, and vans are higher during the evening peak, just
the opposite of buses. This almost suggests that some commuters take buses to work in the
morning, but ride home with someone at the end of the day. Other explanations include school
trips that are taken during the peak in the morning, but earlier than the peak in the afternoon.
Also contributing is the more diverse array of trip purposes experienced during the evening
rush.

5. Vehicle Availability and Occupancy Rates

As can be seen in Table 8, vehicle availability increased in every county from 1980 to
1990 by an average of 22 percent. [The actual rate is slightly lower, because of the previously
stated change in Census methodology.] Only in Philadelphia was the increase significantly
lower (11%). Its low vehicle ownership (0.34 vehicles per person) is just one-half the overall
availability for the region. The largest rate of increase was observed in Chester County
(28%), the most rural of the five counties. Chester County in 1990 had the highest level of
vehicle availability (0.67), whereas in 1980 it ranked behind Montgomery and Bucks counties.

Vehicle occupancy declined by an average of 16 percent, with Chester County
recording the biggest drop (22%) and Philadelphia the least (15%). In general, the larger the
increase in vehicle availability, the larger the decline in vehicle occupancy.
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VI. CONCLUSIONS

This report documents the sample size, methodology, and results of a DVRPC effort to
determine average vehicle occupancy rates for the nine counties of the region by means of a
field survey. The following highlights are reported from the findings derived through the
analysis of additional criteria collected at 109 locations to enhance the scope of the study:

° At the state level the average occupancy rate for all vehicles was 1.30 persons per
vehicle in New Jersey and 1.21 in Pennsylvania. At the county level, the range varied
from a low of 1.17 in Delaware County to a high of 1.41 in Camden County. The
values for the remaining counties all fell between 1.20 and 1.28.

° In New Jersey, the rate for autos, pickups, and vans was 1.22, for trucks 1.06, and for
buses 9.30 occupants per vehicle. In Pennsylvania the corresponding rates were 1.17,
1.05, and 8.51, respectively.

] It was found that the lower the functional class of the highway system, the higher the
occupancy rate for all vehicles combined.

] Peak and off-peak rates are derived from a detailed analysis of the results by hour of
the day. In New Jersey, the average vehicle rate during the morning peak was 1.28,
and during the evening peak, 1.25. The highest rates were observed during the early
afternoon period, when they averaged 1.34 persons per vehicle. In Pennsylvania, both
peak periods averaged 1.20, and the midday periods about 1.24.

° Vehicle availability continues to increase and vehicle occupancy to decline across the
region. Generally, the larger the increase in availability, the greater the drop in
occupancy. These results are consistent with those observed in other metropolitan
areas.
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SAMPLE SIZE

The sample size is usually estimated based on assumed values for the composite standard
deviation of vehicle occupancy, sampling error allowance, and confidence level desired.
Generally, large variation in observed vehicle occupancy rates would require a larger sample size
for a given sampling error allowance and confidence level. Since the sampling error allowance
and confidence level are chosen based on budget and desirable accuracy, the composite standard
deviation is the only parameter that needs to be determined before estimating the sample size.
According to the method described in the federal guidelines', the composite standard deviation is
estimated as shown in the following formula.

SO = JSOL? + SOS? + SOW?

where:
SO = composite standard deviation of vehicle occupancy,
SOL = standard deviation of average occupancy across link-days within a season,
SOS = standard deviation of average occupancy across seasons,
SOW = standard deviation of average occupancy across time periods during the day.

A link-day represents a count taken for a full day at one location.

The sample size of link-days (N) needed to estimate average occupancy within a desired

tolerance is computed as:
2
N = Z x SO
bocc

where:

4 = standard score under normal distribution, which is 1.96 at 95% confidence
level,

DOCC = acceptable sampling error allowance between the estimated average
occupancy and the true value,

SO = composite standard deviation of average occupancy.

Using the values of standard deviations of vehicle occupancy obtained from a DVRPC
survey, SOL, SOS, and SOW are chosen as 0.043, 0.015, and 0.039, respectively. The composite

!Guide for Estimating Urban Vehicle Classification and Occupancy, USDOT, Federal Highway
Administration, September 1980.
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standard deviation is:

SO = 1/0.043% + 0.015% + 0.039% = 0.060

Therefore, at 95% confidence interval, given £0.03 persons/vehicle as the sampling error
allowance the sample size for estimating annual average vehicle occupancy is computed as
follows:

N - ( 1.96 x 0.060
0.03

2
) = 16 Link-Days

Thus, a minimum of 16 randomly chosen link-days should be sampled at the regional
level to achieve the defined survey objective. However, the survey also requires that the results
be tabulated by federal functional classification and area type. In this case, the total of 16 link-
days of sample size will not be sufficient of maintain the sampling error allowance for each
stratum. In order to maintain the £0.03 sampling error at 95% confidence level for each highway
stratum, the sample size should be the product of the number of strata by the 16 link-days, which
is 112 link-days (7 Functional Classes x 16 = 112 Link-Days). Practically, this sample size
would make the survey very expensive.

On the other hand, the proportion of truck travel will also be tallied from this survey. A
similar methodology is used to estimate the sample size for this purpose. In this case, the
composite standard deviation consists of three components, which are variation of the truck
proportion across link-days within a season, variation across seasons, and variation across time
periods during the day. The composite standard deviation for the proportion of trucks can be
expressed as:

ST = \/STL* + STS* + STW?>

where:
ST = composite standard deviation of the proportion of trucks,
STL = standard deviation of the proportion of trucks across link-days within a season,
STS = standard deviation of the proportion of trucks across season,
STW = standard deviation of the proportion of trucks across time periods during the

day.
Using the recommended values for STL, STS, and STW (0.040, 0.014, and 0.009,

I-2



respectively), the composite standard deviation is estimated as follows:

ST = 1/0.0402 + 0.014% + 0.009% = 0.043

At a 95 percent confidence level and a sampling error allowance of +1% trucks (expressed as
0.01), the sample size can be computed as follows:

2
N = Z x ST
DTR

2
_ | 1.96 x 0.043 = 72 link-days
0.01
where:
DTR = acceptable difference between the estimated truck proportion and the true
value (sampling error allowance),
Z = standard score under normal distribution for the specified confidence level,
two-tailed test,
N = number of link-days of data collection required.

Thus, a minimum of 72 randomly chosen link-days should be sampled in the DVRPC
region, which is larger than that estimated for vehicle occupancy surveys. In practice, the sample
size for proportion of truck survey will dictate the scale of the project.
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Table A-1

Table A-2

Table A-3

Table A-4

Table A-b

Table A-6

APPENDIX Il - Tables

Vehicle Occupancy Survey Locations In New Jersey by Highway
Functional Class and County

Vehicle Occupancy Counts by Vehicle Type for Survey Locations in
New Jersey

Average Vehicle Occupancy by Vehicle Type for Survey Locations in
New Jersey

Vehicle Occupancy Survey Locations In Pennsylvania by Highway
Functional Class and County

Vehicle Occupancy Counts by Vehicle Type for Survey Locations in
Pennsylvania

Average Vehicle Occupancy by Vehicle Type for Survey Locations in
Pennsylvania
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