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EXECUTIVE SUMMARY 

In 1995, the Delaware Valley Regional Planning Commission (DVRPC) initiated a study to 
determine the average vehicle occupancy (AVO) rates found in the region. The region comprises 
Burlington, Camden, Gloucester, a.'1d 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 counted. 

The Vehicle Occupancy Survey was done in four phases. Phases I and II were the initial 
surveys for New Jersey in 1995 and Pennsylvania in 1996, respectively. The results of these two 
surveys were presented in a DVRPC report entitled "Vehicle Occupancy for the Delaware Valley 
Region", published in April 1998. This final report presents the results ofthe Phase III and Phase 
IV follow-up surveys which were done for New Jersey in 1997 and Pennsylvania in 1998, and also 
reports the combined survey findings for the four phases of surveys. 

In Phases III and IV, a total of 76 locations were surveyed, 28 in New Jersey and 48 in 
Pennsylvania. Like Phases I and II, the survey was conducted with a classification of eight vehicle 
types that included passenger cars, vans, pickups, trucks, and buses. The survey results were also 
reported by functional class, area type and time interval which provided supplementary information 
needed for detailed analyses. 

This report also presents the combined survey findings for the four phases of the survey. A 
combined occupancy rate was developed for each facility, county, state and the DVRPC region as 
a whole from the four phases of the survey. The survey, in total consisted of over 1,350,000 
observations on 109 roadways within New Jersey and Pennsylvania. The average vehicle occupancy 
values based on the data collected in the four phases ofthe survey are shown in the following table. 
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I. INTRODUCTION 

In 1995, the Delaware Valley Region Planning Commission initiated a study of vehicle 
occupancy in the Delaware Valley Region, comprised by Bucks, Chester, Delaware, Montgomery, 
and Philadelphia counties in Pennsylvania; and Burlington, Camden, Gloll,cester, and Mercer 
counties in New Jersey. This effort was undertaken to comply with Federal Regulations to 
implement the Clean Air Act Amendments (CAAA) and the Intermodal Surface Transportation Act 
(ISTEA). The results ofthe survey will be used to update and support various planning projects in 
the DVRPC Work Program related to Travel Simulation and Forecasting, Congestion Management, 
Traffic Monitoring, and Air Quality Analysis. 

The four-phase project started in 1995 with Phase I covering the collection and processing 
of data for the New Jersey portion of the DVRPC region, and Phase II in 1996 covering the 
Pennsylvania portion. The results of this work were documented in the DVRPC Report "Vehicle 
Occupancy for the Delaware Valley Region", in April 1998. 

This report describes briefly the Phase ill collection and processing of 1997 data for the New 
Jersey portion, and the Phase IV 1998 data for the Pennsylvania portion of the DVRPC Region. 
Also, it includes an analysis and estimates of the average vehicle occupancy found in the four phases 
of the survey. The project was done in four phases to sample seasonal variations and compare 
original survey results with follow-up results. 

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 V. Section VI 
presents the findings and conclusions from Phase ill and IV follow-up surveys conducted in New 
Jersey and Pennsylvania, respectively, and the overall findings from the four phases of the survey. 
The survey in total consisted of over 1,350,000 observations on 109 roadways in New Jersey and 
Pennsylvania. 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 detennined by 
the statistical equation shown in Appendix I (see page 1-1). 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 (95%) that the count will fall within the range specified 
by the precision rate (±3%). The precision rate represents the maximum tolerable sampling error. 

For the Phase III and IV Follow-Up Survey, 76 locations were surveyed, 28 in New Jersey 
and 48 in Pennsylvania. During the initial Phase I and II Surveys, 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 Appendix 1. A link-day 
represents a full day count taken at one location. 
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III. METHODOLOGY 

1. Selection of Vehicle Categories 

For all four phases of the survey, vehicle occupancy data were collected on the following 
vehicle classifications: automobiles, passenger pickups, work pickups, passenger vans, work vans, 
light trucks, heavy trucks, and buses as additional information. 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. Buses were included in the 
survey, but the survey was designed to report bus occupancy as additional information only. The 
bus category includes school and charter buses, as well as transit vehicles. Since the primary 
purpose of the survey is to estimate vehicle occupancy for individual passenger vehicles, 
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 2 6 
Freeway/Expressway 2 3 
Principal Arterial 6 8 
Minor Arterial 6 9 
Collector 8 12 
Local 4 J..Q 

Total 28 48 
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In addition, the Interstate and Freeway/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 
Freeway/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: manual counts, which were needed to 
obtain the number of occupants and determine vehicle classification; and the automatic classification 
recorder count, which efficiently provided vehicle counts and classification. 

Manual Classification - Manual Classification is generally considered to be more reliable 
and accurate than the electronic recorder classification. Most of the manual counts performed by 
DVRPC involve 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 and occupants 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. 

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. The TDC-8 stores the type 
of study, the date and time, the interval used, a site code, and the data for each location. Atany 
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. 

The manual counts were performed by teams of two people at most locations. 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 7:00 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. Field personnel counting at locations conducted the survey from vans safely parked 
in medians, or at a roadside vantage point. The New Jersey counts were taken in the summer of 
1997, ending in early October 1997, and the Pennsylvania counts in the summer of 1998. 
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Once the field data were delivered to the office, checks were perfonned 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 detennine the various criteria to be used for calculating the occupancy rates. 
The rates can then be detennined 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., 

T/ h· lOR Total Vehicle Occupants ye lC e ccupancy ate = --------='---
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 fonnat. 

Automatic Classification Counts - Automatic traffic counters are used to detennine the 
number and type of vehicles passing a particular location. They were used for the survey t9 provide 
comparison counts for the manual survey, but of course cannot provide vehicle occupancy. 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 ofa vehicle passing 
over the hose, sends an air pulse to the recorder, which in tum activates the electronic memory. 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. 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. The data were then transferred directly from the electronic counters 
to the PC using the serial computer input port and cable. DVRPC uses two automatic classification 
counters, the Peek TrafiCOMP III, Model 241 and the Timemark Delta 1. The Peek TrafiCOMP III, 
Model 241 is a computerized traffic counter used to perfonn 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. 

At a traffic count location, the machine is configured to perfonn 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 infonnation, the counter automatically adds the date and time of the count. The counter is 
then armed andready to begin the count. 
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The Timemark Delta I is an automatic traffic recorder that comes with a graphic user 
interface. On the control panel ofthe 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 ofintemal memo]'j, 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 within the traffic counter, as all processing is done 
later by the software. This provides flexibility in choosing the information to be extracted from the 
count. 
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IV. NEW JERSEY SURVEY RESULTS 

1. Survey Locations 

The 28 Phase III Survey locations for the New Jersey counties are shown in Map 1 
following, and listed in Table A-I found in Appendix II. The table also provides infonnation on 
highway functional class and area type. The locations are distributed 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 County 

The Average Vehicle Occupancy (AVO) rates by county and vehicle type are reported in 
Table 1. The average for all vehicles in the four New Jersey counties is 1.28 persons per vehicle, 
with the average for individual counties ranging from 1.27 persons in Burlington and Gloucester 
Counties to 1.30 in Camden County. 

The rate for autos, pickups and vans combined is 1.22 and was consistent for all four 
counties. The occupancy rates by individual vehicle type for all four counties are 1.22 for autos, 
1.20 for pickUps, 1.23 for vans, 1.08 for trucks, and 8.1 persons for buses. Trucks are the vehicles 
with the lowest rate followed by pickups, and not surprisingly, buses display the highest occupancy 
rate, ranging from 7.46 in Mercer County to 9.07 persons in Gloucester County. 

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, l.37 or higher, for the lower functional classes, i.e., those represented by local, collector, 
and arterial roads. In contrast, rates on expressways were 1.24 or lower. A similar dependence on 
functional class was not observed for roads in urban areas. 

Relatively 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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Map 1 

NEW JERSEY VEHICLE OCCUPANCY 
SURVEY LOCATIONS 

Note: 

• • All Locations surveyed in Phase I 

• Locations not surveyed in Phase III 

a ~8 12 MILES 

#fA DELAWARE VALLEY 
"fd REGIONAL PLANNING COMMISSION 





T
A

B
L

E
 2

 
~
 

P
H

A
S

E
 I

II
 -

F
O

L
L

O
W

 U
P

 S
U

R
V

E
Y

 
;::s

.. .....
 

<"'
:> 

V
E

H
IC

L
E

 O
C

C
U

P
A

N
C

Y
 B

Y
 H

IG
H

W
A

Y
 F

U
N

C
T

IO
N

A
L

 C
L

A
S

S
 A

N
D

 V
E

m
C

L
E

 T
Y

P
E

 
-..

 
~
 

F
O

R
 T

H
E

 N
E

W
 J

E
R

S
E

Y
 C

O
U

N
T

IE
S

 

P
a

ss
e

n
g

e
r 

W
o

rk
 

P
a

ss
e

n
g

e
r 

W
o

rk
 

A
u

to
, 

P
ic

ku
p

 
L

ig
h

t 
H

ea
vy

 
A

ll 

A
u

to
 

P
ic

ku
p

 
P

ic
ku

p
 

V
an

 
V

an
 

a
n

d
 V

an
 

T
ru

ck
 

T
ru

ck
 

B
u

s 
V

e
h

ic
le

s 

In
te

rs
ta

te
 

1.
20

 
1.

16
 

1.
16

 
1.

18
 

1.
21

 
1.

20
 

1.
05

 
1.

04
 

10
.5

9 
1.

24
 

R
ur

al
 

1.
20

 
1.

14
 

1.
17

 
1.

17
 

1.
22

 
1.

20
 

1.
03

 
1.

05
 

10
.9

2 
1.

24
 

U
rb

an
 

1.
20

 
1.

18
 

1.
12

 
1.

18
 

1.
20

 
1.

19
 

1.
17

 
1.

01
 

9.
88

 
1.

24
 

'.
,)

 

'I
 

F
re

e
w

a
y/

E
xp

w
y 

1.
22

 
1.

20
 

1.
21

 
1.

14
 

1.
21

 
1.

22
 

1.
15

 
1.

02
 

7.
93

 
1.

22
 

So
 

U
rb

an
 

1.
22

 
1.

20
 

1.
21

 
1.

14
 

1.
21

 
1.

22
 

1.
15

 
1.

02
 

~
 

7.
93

 
1.

22
 

t::I
 

P
ri

n
ci

p
a

l A
rt

e
ri

a
l 

1.
22

 
1.

19
 

1.
22

 
1.

22
 

1.
24

 
1.

22
 

1.
10

 
1.

05
 

7.
98

 
1.

28
 

~ 
R

ur
al

 
1.

22
 

1.
17

 
1.

18
 

1.
19

 
1.

21
 

1.
21

 
1.

08
 

1.
04

 
8.

10
 

1.
25

 
("

') 
U

rb
an

 
1.

23
 

1.
20

 
1.

24
 

1.
24

 
1.

26
 

1.
23

 
1.

13
 

1.
10

 
7.

93
 

1.
31

 
~
 

~
 

M
in

o
r 

A
rt

e
ri

a
l 

1.
21

 
1.

21
 

1.
24

 
1.

30
 

1.
22

 
1.

22
 

00
 

1.
23

 
1.

17
 

7.
90

 
1.

31
 

.....
 

C
) 

R
ur

al
 

1.
22

 
1.

18
 

1.
20

 
1.

23
 

1.
23

 
1.

22
 

1.
14

 
1.

06
 

7.
22

 
1.

37
 

~
 

U
rb

an
 

1.
21

 
1.

22
 

1.
25

 
1.

31
 

1.
22

 
1.

22
 

1.
24

 
1.

24
 

8.
15

 
1.

30
 

C
o

lle
ct

o
r 

1.
24

 
1.

17
 

1.
19

 
1.

31
 

1.
18

 
1.

23
 

1.
15

 
1.

04
 

7.
75

 
1.

32
 

R
ur

al
 

1.
24

 
1.

20
 

1.
21

 
1.

29
 

1.
19

 
1.

24
 

1.
16

 
1.

05
 

8.
42

 
1.

37
 

U
rb

an
 

1.
23

 
1.

15
 

1.
16

 
1.

34
 

1.
18

 
1.

23
 

1.
14

 
1.

04
 

6.
95

 
1.

29
 

L
o

ca
l 

1.
23

 
1.

19
 

1.
39

 
1.

32
 

1.
20

 
1.

24
 

1.
26

 
1.

18
 

7.
42

 
1.

44
 

R
ur

al
 

1.
22

 
1.

19
 

1.
42

 
1.

28
 

1.
22

 
1.

23
 

1.
23

 
1.

18
 

7.
84

 
1.

39
 

U
rb

an
 

1.
25

 
1.

20
 

1.
32

 
1.

37
 

1.
17

 
1.

25
 

1.
32

 
1.

17
 

7.
06

 
1.

50
 

A
ll 

H
ig

h
w

a
ys

 
1.

22
 

1.
19

 
1.

21
 

1.
24

 
1.

23
 

1.
22

 
1.

10
 

1.
05

 
8.

10
 

1.
28

 
~
 

R
ur

al
 

1.
22

 
1.

17
 

1.
19

 
1.

20
 

1.
21

 
1.

21
 

1.
07

 
1.

04
 

8.
39

 
1.

27
 

00
 

~
 

U
rb

an
 

1.
22

 
1.

20
 

1.
23

 
1.

26
 

1.
23

 
1.

22
 

1.
17

 
1.

06
 

7.
95

 
1.

29
 

I-.
....

 
"-.

..l 



Vehicle Occupancy Survey for the DVRPC Region Page 18 

4. Analysis by Hour of Day 

The counting periods of the survey 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 hours (4:00 - 7:00 p.m.). Results are shown in Table 3. 

The lowest rate for autos occurs during the morning rush hours (1.20). The rate climbs to 
a peak in late morning (1.24), and then falls back to 1.22 for the evening rush. The mix of trip 
purposes that occur 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 7:00 and 
7:30 a.m. (1.19), and in the evening between 4:30 and 5:00 p.m. (1.21), i.e., at the peak of the peak. 
Pickups and vans show a similar variation, but never moving far from the full day average of 1.20 
and 1.23, respectively. The variation observed for all vehicles climbs from 1.29 during the morning 
peak to 1.31 in the afternoon, falling back to 1.26 in the evening peak. 

5. Vehicle Occupancy Trend 

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 which is compared to the DVRPC roadside survey. 
Vehicle occupancy for the 1987 household and 1995 and 1997 combined roadside surveys are shown 
in Table 4. 

The table also shows vehicle occupancy declining by an average of 8 percent in New Jersey. 
With the exception of Mercer County, which showed an unusually large occupancy rate in 1987, the 
decline in vehicle occupancy ranges from 6 to 10 percent. 
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V. PENNSYLVANIA SURVEY RESULTS 

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 provides information on highway functional class and area type. 
The 48 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 1.20 persons per vehicle, ranging from 1.18 
persons recorded in Montgomery County to 1.23 in Philadelphia County. Bucks, Chester and 
Delaware counties contributed 1.20, 1.19, and 1.20 persons per vehicle, respectively. 

The combined auto, pickup and van occupancy rate is 1.18 and was consistent among the 
five counties. For the five counties as a group, the occupancy rates by individual vehicle type at the 
state level were 1.18 for autos, 1.16 for pickups, 1.19 for vans, 1.07 for trucks, and 8.46 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 (7.76) and 
Philadelphia at the high (8.80). 

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 functional class, i.e., the higher the class, the lower 
the rate. Occupancy rates for all vehicles on expressways were 1.19 persons per vehicle or lower, 
whereas the rates on other roads were generally higher than 1.22. 

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. 
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Map 2 

PENNSYLVANIA VEHICLE OCCUPANCY 
SURVEY LOCATIONS 

Note: 

• • All Locations surveyed in Phase II 

• Locations not surveyed in Phase IV 
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~ DELAWARE VALLEY 
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'4. Analysis by Hour of the Day 

The variation over the course of the survey 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 (1,16). The rate climbs to a peak in late morning (1.20), and then falls back 
to 1.17 for the evening rush hours. 

However, unlike New Jersey, buses carried heavier loads in the late morning (9.29), than 
during the peak periods (a.m., 8.19; p.m., 8.13). 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 similar to autos with a lower a.m. 
occupancy, midday increase, and reduced p.m. peak occupancy. 

5. Vehicle Occupancy Rates Trend 

Vehicle occupancy declined by an average of 16 percent from The 1988 Household Survey, 
conducted by phone by PENNDOT, with Chester County recording the biggest drop (22%) and 
Philadelphia the least (15%). The decline in vehicle occupancy within the PA counties is larger than 
that ofNJ. Table 8 compares surveys of vehicle occupancy for the Pennsylvania counties obtained 
from the 1988 household survey and 1996 and 1998 combined roadside surveys. 
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VI. PHASE HI AND IV FOLLOW-UP SURVEY FINDINGS 

The following findings are derived from the data collected in Phase III and IV of the survey 
at 76 locations through the DVRPC Region. These findings reflect the analysis of the 1997 New 
Jersey and 1998 Permsylvania Follow-Up Surveys only. 

e At the state level the average occupancy rate for all vehicles was 1.28 persons per vehicle in 
New Jersey and 1.20 in Pennsylvania. At the county level, the range varied from a low of 
1.18 in Montgomery County to a high of 1.30 in Mercer County. The values for the 
remaining counties all fell between 1.19 and 1.29. 

In New Jersey, the rate for autos, pickups, and vans was 1.22, for trucks 1.08, and for buses 
8.15 occupants per vehicle. In Pennsylvania the corresponding rates were 1.18, 1.07, and 
8.40, respectively. At the county level, the auto, pickup and van rates varied from 1.17 in 
Bucks and Montgomery Counties to 1.22 in Camden, Gloucester, and Mercer Counties. 

As found in Phases I and II, the lower the :limctional class ofthe bjghway facility, the higher 
the occupancy rate for all vehicles combined. Local, Collector and Minor Arterials averaged 
1.30 persons for all vehicles, while Interstate and Freeway/Expressway had a 1.21 occupancy 
rate for all vehicles. 

Peak and off-peak rates are derived from a detailed analysis ofthe results by hour of the day. 
In New Jersey, the average vehicle rate during the morning peak was 1.29, and during the 
evening peak, 1.26. The highest rates were observed during the early afternoon period, when 
they averaged 1.31 persons per vehicle. In Pennsylvania, the morning peak was 1.19, and 
the evening peak 1.20, and the midday periods about 1.22. 

These results as presented are consistent with the findings from the Phase I and Phase II 
surveys presented in the previous report "Vehicle Occupancy for the Delaware Valley Region", 
published in April 1998. However, it was also observed with a more limited survey in terms of 
facilities surveyed and observations collected in Phases In and IV that facility selection can 
influence vehicle occupancy rates on some facilities. 
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VII. OVERALL SURVEY FINDINGS 

Overall survey findings were developed to allow comparison of original surveys with follow­
up surveys and to combine results of all four phases of the Vehicle Occupancy Survey. 

1. Comparison of Original Survey and Follow-Up Survey 

The results of the initial surveys in Phase I and Phase II were compared with the follow-up 
surveys of Phase III and Phase IV. This comparison was done at the county and state level and 
compared occupancy rates for the various vehicle types. 

• The vehicle occupancy rate for all vehicles in New Jersey decreased 1.5%, from 1.30 for the 
original survey to 1.28 for the follow-up survey. The individual counties generally 
decreased, with Camden County showing an 8.5% decrease, which reflected the Atlantic City 
Expressway not being surveyed in the follow-up survey. See Table 9. 

The Pennsylvania vehicle occupancy rate for all vehicles decreased from 1.21 to 1.20, a 
decrease of less than 1 %. The individual counties ranged from no change in Philadelphia 
County to a 3.2% decrease in Bucks County. See Table 10. 

The combined rate for autos, pickups and vans was very consistent for both states when the 
original and follow-up surveys were compared. In New Jersey, there was no difference, and 
in Pennsylvania, the rate increased less than 1 %, from 1.17 to 1.18. 

Truck occupancy increased less than 1% in New Jersey, from 1.07 to 1.08, and in 
Pennsylvania, less than 2%, from 1.05 to 1.07. 

Bus occupancy showed the greatest variability with a decrease of over 11 % in New Jersey, 
but only a 1 % decrease in Pennsylvania. 

It can be concluded that there was a very close correlation between original and follow-up 
surveys as it relates to vehicle occupancy rates. The variability that does exist is due in large part 
to inclusion or exclusion of specific traffic facilities surveyed. 

2. Combined Results for all Four Phases of The Vehicle Occupancy Survey 

The results of all four phases of the Vehicle Occupancy Survey were combined to develop 
a comprehensive vehicle occupancy rate at the county, state and regional level. The summary was 
done by vehicle type and summarized for auto, pickup, and van and all vehicles. 

• The vehicle occupancy rate for all vehicles was 1.29 for New Jersey, 1.21 for Pennsylvania 
and 1.24 for the DVRPC Region. The occupancy rate for autos, pickups and vans combined 
was 1.22 for New Jersey, 1.17 for Pennsylvania, and 1.19 for the DVRPC Region. See Table 
11. 

The occupancy rate for all vehicles ranged from l.18 for Delaware County to l.38 for 
Camden County. The occupancy rates for autos, pickups and vans combined varied from 
1.16 for Delaware and Montgomery Counties to 1.26 for Camden County. 
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Occupancy rates for trucks were almost identical with 1.06 for New Jersey, l.05 for 
Pennsylvania, and 1.06 for the DVRPC Region. 

Bus occupancy rates were 8.94 for New Jersey, 8.49 for Pennsylvania, and 8.73 for the 
DVRPC Region. 

In conclusion, vehicle occupancy rates were slightly higher in New Jersey. This was 
attributable, in part, to a larger Interstate and Freeway/Expressway sampling in Pennsylvania, since 
these facilities exhibited a lower occupancy rate than other functional classes. The occupancy rate 
for autos, pickups and vans combined was very consistent, 1.19 for the DVRPC Region, 1.17 for 
Pennsylvania, and 1.22 for New Jersey. When compared to the DVRPC Region averages, both 
states were within the design criteria of ±3% margin of error. 



N
ew

 J
e

rs
e

y 

B
ur

lin
gt

on
 C

o
u

n
ty

 

C
am

de
n 

C
o

u
n

ty
 

G
lo

u
ce

st
e

r 
C

o
u

n
ty

 

M
e

rc
e

r 
C

o
u

n
ty

 

T
o

ta
l f

o
r 

N
J 

C
o

u
n

ti
e

s 

P
e

n
n

sy
lv

a
n

ia
 

B
u

ck
s 

C
o

u
n

ty
 

C
h

e
st

e
r 

C
o

u
n

ty
 

D
e

la
w

a
re

 C
o

u
n

ty
 

M
o

n
tg

o
m

e
ry

 C
o

u
n

ty
 

P
h

ila
d

e
lp

h
ia

 C
o

u
n

ty
 

T
o

ta
l f

o
r 

P
A

 C
o

u
n

ti
e

s 

T
o

ta
l f

o
r 

D
V

R
P

C
 R

e
g

io
n

 

T
A

B
L

E
 1

1 
C

O
M

B
IN

E
D

 S
U

R
V

E
Y

 
V

E
H

IC
L

E
 O

C
C

U
P

A
N

C
Y

 B
Y

 C
O

U
N

T
Y

 A
N

D
 V

E
H

IC
L

E
 T

Y
P

E
 

F
O

R
 T

H
E

 D
V

R
PC

 R
E

G
IO

N
 

A
u

to
, 

P
ic

ku
p

 
A

u
to

 
P

ic
ku

p
 

V
an

 
a

n
d

 V
an

 
T

ru
ck

 

1.
21

 
1.

16
 

1.
23

 
1.

21
 

1.
05

 

1.
27

 
1.

20
 

1.
30

 
1.

26
 

1.
12

 

1.
21

 
1.

18
 

1.
25

 
1.

21
 

1.
07

 

1.
20

 
1.

17
 

1.
22

 
1.

20
 

1.
05

 

1.
22

 
1.

18
 

1.
25

 
1.

22
 

1.
06

 

1.
18

 
1.

14
 

1.
17

 
1.

18
 

1.
07

 

1.
18

 
1.

14
 

1.
19

 
1.

17
 

1.
05

 

1.
15

 
1.

16
 

1.
20

 
1.

16
 

1.
04

 

1.
17

 
1.

13
 

1.
17

 
1.

16
 

1.
06

 

1.
18

 
1.

17
 

1.
21

 
1.

18
 

1.
06

 

1.
17

 
1.

15
 

1.
19

 
1.

17
 

1.
05

 

1.
19

 
1.

16
 

1.
21

 
1.

19
 

1.
06

 

A
ll 

B
u

s 
V

e
h

ic
le

s 

9
.0

6
 

1.
27

 

9
.6

0
 

1.
38

 

8
.9

0
 

1.
27

 

8
.0

9
 

1.
26

 

8.
~4
 

1.
29

 

8
.5

6
 

1.
22

 

8
.0

4
 

1.
20

 

8
.0

0
 

1.
18

 

8
.7

5
 

1.
20

 

8
.7

3
 

1.
23

 

8.
49

 
1.

21
 

8.
73

 
1.

24
 

~
 
~
 

~
"
 

~
 s. (';

) o ~ <J
 
~
 

~
 B"
 

~
 ~
 

~
 

(';
) ~
 





APPENDICES 

Appendix I 

Appendix II 

. Sample Size 

Tables 





APPENDIX I - Sample Size 

I 





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 I, the composite standard deviation is 
estimated as shown in the following formula. 

where: 

SO 
SOL 
SOS 
SOW 

composite standard deviation of vehicle occupancy, 
standard deviation of average occupancy across link-days within a season, 
standard deviation of average occupancy across seasons, 
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: 

where: 

Z 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 
standard deviation is: 

IGuide for Estimating Urban Vehicle Classification and Occupancy, US DOT, Federal Highway 

Administration, September 1980. 

1- 1 



so = JO.043 2 + 0.0152 + 0.0392 = 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]2 __ 
0.03 

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: 

where: 

ST = composite standard deviation of the proportion of trucks, 
STL = standard deviation ofthe 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, 
respectively), the composite standard deviation is estimated as follows: 

1-2 



ST = JO.0402 + 0.0142 + 0.0092 = 0.043 

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

where: 

N ( Z x ST)' = 
DTR 

= ( 1.96 x 0.043 r 
l 0.01 

= 72 link-days 

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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APPENDIX II - Tables 

A-I. Phase III Follow Up Survey - Vehicle Occupancy Survey Locations in New 
Jersey by Highway Functional Class and County ..... 0 ... 0 ....... 0 . .. II-I 

A-2o Phase III Follow Up Survey - Vehicle Occupancy Counts by Vehicle Type for 
Survey Locations in New Jersey . 0 ... 0 . 0 .. 0 ... 0 ....... 0 . 0 .. 0 .. 0 . .. II-2 

A-3. Phase III Follow Up Survey - Vehicle Occupancy by Vehicle Type for Survey 
Locations in New Jersey 0 . 0 .. 0 . 0 0 ....... 0 .. 0 . 0 .. 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 II-3 

A-4o Phase IV Follow Up Survey - Vehicle Occupancy Survey Locations in 
Pennsylvania by Highway Functional Class and County 0 0 0 . 0 0 0 0 . 0 0 0 0 0 .. II-4 

A-50 Phase IV Follow Up Survey - Vehicle Occupancy Counts by Vehicle 
Type for Survey Locations in Pennsylvania 0 0 . 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 II -7 

A-6o Phase IV Follow Up Survey - Vehicle Occupancy by Vehicle Type for Survey 
Locations in Pennsylvania 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 . 0 .. 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 II-9 

A-7 Combined Survey - Vehicle Occupancy Survey Locations in New Jersey 
by Highway Functional Class and County 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 . 0 0 0 0 0 0 0 0 0 0 0 II -11 

A-8 Combined Survey - Vehicle Occupancy Survey Locations in Pennsylvania 
by Highway Functional Class and County 000 0 0 0 0 0 0 .00 0 000 0 000 0 0 0 . 0 0 0 II-13 

A-9 Combined Survey - Vehicle Occupancy Counts by Vehicle Type for The 
DVRPC Region 0 . 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 . 0 00. 000 0 0 0 0 0 0 0 0 0 o. II-16 

A-IO Combined Survey - Vehicle Occupancy by Vehicle Type for The DVRPC 
Region 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 000 .. 0. 0 0 0 0 0 0 0 0 0 000 0 000 . 0 0 0 0 0 0 0 0 0 0 11-21 

A-II Combined Survey - Vehicle Occupancy by County and Vehicle Type for the 
DVRPC Region 0 0 0 0 0 0 0 0 0 . 0 .. 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 . 0 0 II-26 
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