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ABSTRACT

Freight transportation plays a vital role in the development and prosperity of New
Jersey. Estimates say that more than 375 million tons of freight is transported
each year in New Jersey. Trucks dominate this transportation, carrying 283
million tons. The 1997 CFS survey reported that about 67 percent of the freight
tonnage that originates in New Jersey stays in the state, indicating that the truck

traffic is mainly regional or local.

Trucks negatively impact the roadway network, primarily because of their
massive weight and poor operating characteristics. These factors result in a
stronger need for truck traffic estimation. Such an estimate can be helpful in
pavement and bridge design and management, reconditioning and reconstruction
of highway pavement, planning for freight movements, environmental impact

analysis, and investment policies.

This research presents a statistical approach for estimating truck volumes, based
primarily on classification counts and information on roadway functionality,
employment, sales volume and number of establishments within the state.
Models have been created that may predict truck volumes at any given location
in the state highway network. Profiles of truck traffic are developed for selected
roadways, indicating the AADT, truck and passenger car volumes and
percentages. The procedure has been modeled into a GIS framework, facilitating

data analysis and presentation.



ESTIMATION OF TRUCK VOLUMES AND FLOWS

In response to the RFP from NJDOT’s Project # 2004-27, the following research
was carried out. The research aims at providing a tool for the planning division at
NJDOT to quickly and accurately estimate truck volumes, flows and percentages
on the New Jersey roadways. It analyzes and builds mathematical models for
the estimation of trucks using the real observed classification counts collected
throughout the state. It does not use any counts from any previous studies and
models. The state has developed a traffic data collection program, through which
traffic counts are taken at certain locations throughout the state. A limited number
of locations are surveyed each year due to budgetary constraints. An effort is
made to provide a good coverage through these counts (geographical, temporal,
spatial, etc.) The scope of this work is to determine whether these data could be
used to develop a profile of traffic (truck volumes and percentages) on roadways

where traffic counts are not available.

The obijectives of this study can be enlisted as:

e Develop a database of truck classification counts, directly linked to existing
NJDOT database systems.

e Develop methodologies for calculating truck volumes, flows and percentages
on Interstates/Freeways, and principal arterials where some count information
is available, and on lower facilities (principal and minor arterials) where little
or no count information is available.

e Apply the methodology to New Jersey roadways to develop a geographic
information system (GIS) database of truck volumes, flows and percentages.

e Evaluate the methodology and the database developed using actual data
collected through the NJDOT traffic monitoring system.

e Validate the method on a selection of at least twelve highways, including four
Interstate/Toll Authority routes, four principal arterials, two urban major

arterials, and two rural major arterials.

2



The proposed method is not intended to “replace” or “compete” with existing
methods. It is not built as a freight-forecasting tool. The tool developed here will
help planners to obtain truck volume, flow and percentage profiles on NJ
roadways for use in their decision making processes, without having to run
freight forecasting tools which require more time and effort, a large number of
data items and large amount of data, and a big number of assumptions to be
made. Furthermore, this kind of activity is typically outsourced to consultants by
state DOTs. With this tool available, information will be readily available, in-

house, through an easy to use tool.

RESEARCH PROBLEM STATEMENT & BACKGROUND

Freight transportation plays a vital role in the development and prosperity of New
Jersey. More than 375 million tons of freight are transported each year in New
Jersey. Trucks dominate this movement, accounting for 283 million tons (Wieder,
2001). According to the US Bureau of the Census, about 95 percent of all trips
taken by trucks are less than 200 miles in length; so most truck traffic is regional
or local. This holds true in New Jersey, where most of the truck trips are
intrastate, according to the 1997 Commodity Flow Survey (CFS). The CFS
survey reports 67 percent of the freight tonnage that originates in New Jersey
stays in the state. Truck trips are more regional and generally longer distance
than auto trips; therefore less local. While almost all of the daily passenger auto
trips (work and recreation) are less then 40 miles in length, 22.5 percent of truck

trips are over 50 miles in length.

Trucks impact the New Jersey roadway network in several ways. First, trucks,
because of their weight, cause significant degradation of the highway pavements
and bridges. A single tractor-trailer can equal the impact of 1000 or more
passenger cars. Second, trucks significantly impact roadway capacity because of
their poor operating characteristics, especially on two-lane roads where passing

is difficult. As truck volumes have grown dramatically in the past few years, so
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has the need for better methods to estimate truck volumes, percentages and

flows on major truck volume facilities such as interstates and principal arterials,

as well as on minor arterials with lower truck volumes. Common uses of truck

volume information include the following:

. Pavement and bridge design

. Pavement and bridge management

. Scheduling the resurfacing, reconditioning, and reconstruction of highways
based on projected remaining pavement life

« Prediction and planning for freight movements

« Modeling and prediction of traffic flow, capacities, congestion levels and lane
needs

« Providing traffic input for the design of the overall highway system

. Development of weight enforcement strategies

. Vehicle crash record analysis

. Environmental impact analysis, including air quality studies

- Analysis of alternative highway regulatory and investment policies

Due to budgetary constraints, classification counts can be conducted on only a
small percentage of roadway sections in the state. Estimations of truck volumes
for all roads are extrapolated from these counts. Not only is the sample size

limited, but also the estimation techniques are generally simplistic.

Truck volumes on a given route may be divided into two categories: through-
traffic and local access. Through-traffic refers to trucks traveling to distant
destinations; local access refers to trucks traveling to land uses adjacent to the
roadway. Each category has unique characteristics. For example, long distance,
or through-travel is likely to be subject to different economic motivations than
local traffic, and would be sensitive to truck generating facilities such as
warehouse and port locations. In addition, local traffic would be sensitive to the
placement of retail businesses. Techniques to estimate truck information must

account for the unique characteristics of both local and through-truck traffic.
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On interstate highways and other higher type facilities, at interchanges (or
intersections) with lower volume facilities, truck trips to and from local origin and
destinations generally occur at lower truck percentages than the mainline route,
except at locations of ports, major industrial, and truck facilities where higher

truck percentages occur.

Validation of estimation methodology must be performed on all types of facilities:
higher type roadways, principal arterials and local roads. For higher type
roadways, such as the Interstate system, most, if not all, truck traffic is through-
traffic. For principal arterials, the traffic is split between the two uses. For minor
arterials and local roads, most, if not all, truck traffic is local traffic. Local truck

traffic is a function of adjacent land uses.

RESEARCH PLAN

Ideally, a State Department of Transportation should be able to provide users
with an estimate of the amount of truck traffic by type of truck on each road
segment under their jurisdiction. Truck volume and percentage estimates should
be made available for the date when data were collected and as annual average
daily traffic estimates which have been corrected for seasonal and day-of-week
variation. Annual average daily truck volumes, preferably by truck type, is a very
useful measure for some analysis such as pavement design, but other average
statistics, such as average peak hour truck volume, may be more appropriate for

traffic analysis.

For this study, a procedure was developed for estimating truck traffic on all
roadways in the state. Eight tasks were identified as in the RFP. Below is table 1

showing the various tasks undertaken in the project.



Table 1: List of Tasks

TASK
Task 1.1

DELIVERABLES
Literature Review

Task 1.1

Technical Memorandum of the data activities. A
GIS database including a line layer for roadways
and a point layer for existing traffic counts.

Task 11.2

Technical Memorandum of the major truck
generators. Additional GIS point layer including
route, direction, and milepost, and type of facility.

Task 1.3

Technical Memorandum of the criteria or factors
that define changes in truck flow and is used in
the definition of segments. Additional GIS line
layer with the defined roadway segments for
twelve sample roadways.

Task 1.4

Technical Memorandum of the analysis of the
relationships between truck volumes and adjacent
land use, population and employment.

Task 1.5

Technical Memorandum of the methods
developed and the software to perform the
calculations.

Task I1.6

Technical Memorandum of the validation effort to
estimate truck flows on at least four
Interstate/Toll Authority routes, four principal
arterials, two urban major arterials, and two rural
major arterials.

Task I1.7

Technical Memorandum describing application of
methodology on a statewide basis. List of
supplemental counts (if necessary) on a statewide
basis.

Task 11.8

Quarterly Progress Reports




LITERATURE REVIEW

Knowledge of the truck volumes on the local, state and inter state highways has
been important for the highway authorities and the government because of their
strong influence on the economy of the state and the nation, and the influence on
the pavement design and planning systems. Studies for estimating truck flows
and volumes by type and weight of vehicle provide the authorities with good
statistics of the freight system to thereby plan for improving the traffic and

pavement designs and improve air quality and maintenance.

Freight transportation affects the nation’s economy, businesses, industries and
the consumer. In general, the freight service providers extend beyond the trucks
and include water and air freight carriers, railroads and combinations thereof, but
it has been seen that the shipments by truck alone, account for more than half
(53%) of the total tonnage, more than two-third (72%) of the shipments by value

and nearly one quarter (24%) of the total ton miles in US. (!

Freight transportation by truck has a major impact on the roadways it uses as it
influences the traffic conditions. It has been shown that a single tractor-trailer
equal the impact caused by 1000 or more passenger cars. @ 1t affects the local
roadway capacity because of its poor operating characteristics and its large
dimensions. A method for estimating truck traffic is important to determine these
impacts. To determine the accuracy of the methods to estimate truck flows of a
local, regional or national level, their estimates should be checked against

classification counts, conducted by the states or local authorities.

This section of the report reviews existing literature in two main areas, which are
of primary interest to this project: Freight Data Collection and Freight Modeling.
Each of these sections is further divided as: in the Freight Data Collection

section, which discusses about the basic structure for the state traffic monitoring
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program and the types of counts employed for the data collection procedure. It
also reviews various factors causing variations in the traffic and the types of
these variations. Lastly, the adjustment procedures used to adjust counts for

traffic variations are briefed upon.

In the Freight modeling section, the software packages and general tools
available are firstly discussed, followed by the different model applications

conducted by different States.

Freight Data

Introduction

States and local highway agencies need to comply with the Highway
Performance Monitoring System (HPMS) and report the traffic data collected to
the Federal Government. A comprehensive data program needs to be built by the
highway agencies to meet these defined data collection requirements. Traffic
Monitoring Guide (TMG) specifies that a sufficient number of traffic volume
counts with vehicle classification data is the foremost requirement for any study.
TMG recommends states to improve the quality of reported traffic data by
establishing control processes and subjective editing procedures which may
identify the missing or invalid data and thereby reduce the bias in the results. An
efficient system comprises of a good relationship and network between the
different sources, agencies and authorities in the same field of work. This
relationship and network helps in adopting common standards in data collection
and recording procedures and collecting and summarizing data from various
agencies. This way inconsistency in data classification methods is minimized and
potentially eliminates the invalid data to get accounted for with utmost economy.
“For example, as mentioned in TMG, truck weights and volumes may be
monitored at the State’s borders by the agency in charge of collecting or
enforcing the collection of truck fuel taxes.” Furthermore, many local authorities

in the state install and operate traffic counters, the data from which can be used
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to supplement the counters operated by the state. These counts may provide
more information on seasonal travel patterns in areas where monitoring those

patterns is not feasible, but important.

Nevertheless, a well-designed data collection program may also be defined as
the one that consists of such traffic monitoring equipment, which can provide with
more than one type of the data at a time, such as permanently installed sensors
and electronics at a WIM site which can be used for continuous vehicle
classification and volume data collection even when weight data are not

collected.

Traffic Counts

According to the Traffic Monitoring Guide, the primary data collection plan
includes:

« Alarge number of short duration count collectors

« An appropriate number of permanent and continuously operating sites

undertaking a continuous count program

Short Duration Counts

These counts are collected on specific roadway segments to ensure highway
agencies of the validity of truck counts on arterial and major collector roads. They
give segment-specific traffic count information. TMG recommends collection of
short duration counts over a 48-hour period. TMG also recommends states to
develop a structured coverage program that provides a geographically diverse
set of roadway locations to address most needs of the study. Short duration
counts do not account for temporal variations in traffic, such as seasonal and
day-if-week variations. Short duration counts need to be factored to adjust the
overall traffic data (from short-term monitored sites), to estimate the annual traffic

data.



The classification counts at the short duration count stations are taken for a 48-

hour period using the standard FHWA 13 vehicle categories. These 13 vehicle

categories are tabulated in table 2 and are shown in figure 1.

Table 2: FHWA Vehicle Classification Scheme
(Source: NJDOT, FHWA vehicle classification schéme)

Class 1

Class 2

Class 3

Class 4

Class 5

Class 6

Class 7

Motorcycles. All two- or three wheeled
motorized vehicles. This category includes
motorcycles, motor scooters, mopeds, and

all three-wheel motorcycles.

Passenger Cars. All sedans, coupes, and
station wagons manufactured primarily for

purpose of carrying passengers.

Other two-axle, four-tire single units.
Included in this classification are pickups,

vans, campers, and ambulances.

Buses. All vehicles manufactured as
traditional passenger-carrying buses with
two axles and six tires or three or more

axles.

Two-Axle, Single Unit Trucks. All vehicles
on a single frame including trucks, camping

and recreation vehicles.

Three Axle Single Unit Trucks. All vehicles
on a single frame including trucks, camping

and recreational vehicles.

Four or more Axle Single Unit Trucks. All
vehicles on a single frame with four or more

axles.

Class 8

Class 9

Class 10

Class 11

Class 12

Class 13

Four or Less Axle Single Trailer Trucks.
All vehicles with four or less axles
consisting of two units, one of which is

tractor or straight truck power unit.

Five-Axle Single Trailer Trucks. All five-
axle vehicles consisting of two units, one
of which is a tractor or straight truck power

unit.

Six or More Axle Single Trailer Trucks. All
vehicles with six or more axles consisting
of two units, one of which is a tractor or

straight truck power unit.

Five or Less Axle Multi-Trailer Trucks. All
vehicles with five or less axles consisting
of three or more units, one of which is a

tractor or straight truck power unit.

Six Axle Multi-Trailer Trucks. All six-axle
vehicles consisting of three or more units,
one of which is a tractor or straight truck

power unit

Seven or More Axle Multi-Trailer Trucks.
All vehicles with seven or more axles

consisting of three or more units, one of
which is a tractor or straight truck power

unit
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Figure 1: Automatic Vehicle Classification
Source: 2001 Report (Vermont Agency of Transportation)

counts on each route.
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In some locations, equipment limitations prevent such collections, in which cases
highway agencies are encouraged to use a simplified classification scheme
suited to their equipment and needs. Many states are found to consistently use
fewer vehicle classes in their count collection systems. Figure 2 shows the
vehicle classification adopted by the New York State Thruway. In general, the
four broad categories of vehicles used are: Passenger Cars, Single-unit Trucks,
Combination Trucks, and Multi-Trailer Trucks. The goal for every highway

agency is to collect enough data that can provide a valid estimate of the truck




Class 1 8 T8 6& Passenger car, Light truck, Tractor, 2 axles

Class 2 Qﬁ @ 4 tires, with 1 axle trailer, 2 axels, 4 tires

Class 3 90 ;:;I Tractor Trailer with 5 or more axles, with 53 ft. trailer

Class 4 =3 a—é E:-!-rs_—‘az axles, 6 tires and 2 axles, 4 tires

Class5 % '""['\“]

Tractor-trailer with 5 or more axles

Class 6 ;D‘; Ly @ﬁ m 6 tires with 2 axle trailer

S S Ny W ooy

Class 7 6 tires with 3 or more axle trailer

Class 8 Eﬂ % DQ Truck, 3 axles

Figure 2: New York State Thruway: Vehicle classes

Unlike the continuous count locations, the short duration counters can be placed
at different location depending on the need. They are mobile and can be shifted.
Short duration counts providing the geographic coverage can be a part of the

statewide monitoring effort or can be site-specific project counts. At times when
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more extensive data is required for a project, special counters are installed
catering to the needs of the project. According to the NJDOT Bureau of Data
Development, short duration counts are collected at 3,000 locations throughout
the state of New Jersey among which 500 are with the classification counts. On
an average, 1,000 locations are covered each year, with a cycle period of three

years.

Continuous Count Program:

Data is collected from the continuous counters to understand the temporal
changes in traffic volume. The site is composed of sensors cut into the pavement
while computer equipment at the centers allows for the continuous recording of
traffic data. Data is collected continuously, 24 hours a day all around the year. It
provides the basis for determining design hourly traffic factors, fluctuations in
traffic on recreational roads, weekend traffic patterns etc. Continuous counters

provide the controls for adjusting short-term counts to average daily traffic.

For selecting the continuous count locations, a statewide need is first
determined. If a project is in the hands of the state, the specific project locations
are prioritized. Then depending on the funds available, more count stations may
be placed. For statewide surveys a combination of special and present counters
is made to work together. The most commonly used device for the continuous
data collection is the Automatic Traffic Recorder (ATR). ATR data collects hourly
volumes for a lane. The data collected is periodically sent to the central system
where it is evaluated and summarized for calculating the various statistics such
as AADT, AAWDT (weekday traffic), and adjustment factors for seasonal

variations, lane distribution factors etc.

Many states are now combining the Automatic Traffic Recorders with the vehicle
classifying equipment to study, maintain and develop the pavement and
transportation system in a more efficient manner. The data collected by this

combination can also be used to determine the seasonal adjustment factors for
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correcting traffic counts in estimating truck highway studies and in predicting the
traffic volumes on roadways. The truck weight data is required for converting
truck volumes into the axle load estimates as an input to the pavement design
and maintenance procedures. WIM scales along with providing the truck and axle
weight information provide the same data as the continuous vehicle classifiers
and ATR. WIM scales can be used with a flat terrain, dry conditions and no
curvatures on the roadway. The various WIM locations in New Jersey are shown
in figure 3. Each WIM location shown in the map is linked with the traffic count
table and the user is able to click on the location of the station to view the traffic

information associated with that station.
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Figure 3: WIM-station Locations in New Jersey
(Source: http://www.state.nj.us/transportation/count/vclass/class 2001.html)

The data collected on each of these WIM stations is tabulated and made
available for use at the DOT’ s website. The table summarizes the Annual
Average Daily traffic for prior years and shows the same by each month and

vehicle class for the latest year.
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The data from the different counting stations placed throughout the state are all
tabulated in the same manner and the user can access these counts on the
website: www.state.nj.us/transportaion/count/data/sub/files/99rtmpt.pdf. This site
gives data for all seven days of a week, specifying the station and the direction of
traffic. TMG recommends that for most truck weight groups, a minimum of six
sites should be monitored and one of them is required to work continuously
throughout the year to measure temporal changes in the loads carried by the
trucks. When the in-ground sensors are used, a one-week count is
recommended at all measurement locations that are not operated continuously.
For a small state the basic recommendation is for 12 locations and 2-4
continuously operating sites. A large state with varied truck characteristics need
to have 60 WIM sites. In general therefore the number of weighing locations in a

State falls between 12 to 90 sites.

TRAffic DAta System

TRADAS is a software system used for collecting, editing, summarizing and
reporting a wide range of traffic data. TRADAS Version 2 uses C++ and Oracle
RDBMS. TRADAS has been inspired by the Chaparral System’s traffic
monitoring system developed for the New Mexico State Highway and
Transportation Department. “ TRADAS is designed to meet the AASHTO data

processing requirements.

It processes all types of traffic data, e.g. roadway volume, speed, vehicle
classification and weight, accommodating data from both the short duration and
the continuous count stations, producing high quality traffic data. For producing
high efficiency results, TRADAS performs services that include automatic
detection of device type. Three levels of quality control (device, channel and
count), data summarization, standard and ad-hoc reporting and database

management are served.
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TRADAS also produces the Public databases as an Oracle database, which
helps in disseminating traffic data in a simple form. These databases are also
developed in Microsoft Excel and Microsoft Access to make Public Databases
easily accessible. Chaparral Systems Corporation has marketed TRADAS, which
has become an ideal foundation for an excellent traffic data collection and

analysis program.

Variations in Traffic Counts

The short duration counts need to be adjusted, so as to get reliable and unbiased
estimates of traffic volume and flow. Total traffic volume, size of the vehicle and
the loads carried by the trucks vary by month of the year, day of the week and
time of the day. Research by Hallenbeck et al. 1997 has shown that the truck
volumes vary by time and space. He also found out that the behavior of the truck
volume on the roadway is different then those of the car volume. The variations
in truck volumes on the roadways were found to be dependent on the following
factors: ®

. Time of the day

. Day of the week

1
2
3. Season/month of the year
4. Directional variations

5

. Geographic variations

Time of the day:

Refers to the use of the road changes during the course of a day. The overall
traffic volumes are observed to increase during the day and decrease at night.
The truck traffic behavior depends mostly on the type of the truck, i.e. a long
hauling inter-state truck or a business-day or typical short-hauling truck. The
interstate long-hauling through trucks travel generally at constant rate throughout

the 24-hour day, whereas the business-day or typical trucks are found to show a
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characteristic high or low in the volume during the day rather similar to other

vehicles. These variations are shown in the figure 4.
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Figure 4: Basic Time of day Pattern.

Variations can also be understood with reference to different vehicle classes.
There is a pattern known as the ‘business-trucking pattern’, which fits most truck
classifications. The smaller truck classifications (classes 5-8) usually follow this
pattern and start and begin their trucking movements during the normal business
hours in a day. Classes 11 and 12 follow the ‘through truck’ pattern shown in
figure 4. The remaining truck classes (9, 10 and 13) switch from one pattern to

another, depending on the truck traffic on each road. ®)

Day of the week:

Day of the week also influences the truck flow behavior. Weekday truck volumes
are found fairly constant, with a decline on the weekends. Long distance truck
travels are not influenced by the day of the week, i.e. by a business day or a
weekend and volumes do not show significant variations throughout a week.
Therefore the roads with a high traffic of through trucks maintain high truck
volumes during the weekends, even though the local truck traffic declines. In

case of local or typical business-day trucks, the truck flow is higher on the
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weekdays with a decline at the weekends. These variations are shown in figure
5.
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Figure 5: Typical Day-of-Week Traffic Pattern
(Source: TMG, 2001)

Local conditions prevailing in the area also affect the day-of-week pattern of
specific vehicle classes. Recreational activities by car are important part of the
local conditions, but freight movements can also create unusual day-of-week

conditions.

Seasonal changes:

This refers to truck traffic changes over the course of the year. Some truck
movements are found to be constant all around the year. Other truck travels and
movements might be different, for example in case of agricultural areas where
the weights carried by trucks vary by the season. Roads carrying primarily
through trucks tend to have significant changes in their travel pattern due to the
changing seasons, than the roads carrying local freight traffic. Figure 6 shows the
seasonal variations in the traffic due to the season or month of the year. Truck

volumes are generally significantly higher in the summer than the winter.

18



Lin

=@~ Urthan Cari

Fraction of Average Annual Traffic
-
2

S @ > & Gl N & & &
P R A
o &

Maonth of the Year

Figure 6: Typical Monthly Volume Patterns

Directional variation:

Directional characteristics are site-specific. These geographical differences
depend on the level of commercial developments, other traffic generators in the
study area, the nature of the traffic using the road etc. ©) Most of the roads are
found to show variations in the traffic volume by direction. The traditional urban
commute shows a heavy inbound movement in the morning and an outbound
movement in the afternoon. In areas with high recreational traffic flows, travelers
arrive in the area late Thursday night and depart on Sunday. In areas with
mineral resources, a directional difference in the trucks is the movement of
loaded trucks in one direction with a return movement of the empty trucks.
Tracking these directional movements are important in estimating the impacts of
the new developments on a rural land, along with the planning, design and

operation of existing roadways.

Geographic variation:

This factor stresses upon the fact that the truck travel might vary from route-to-
route and region-to-region. Example, California ski areas have different travel

patterns than California beach highways.
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“The distribution of vehicles among vehicle classes changes dramatically by
geography and, to a lesser extent, by functional class of roadway. In particular,
the presence or lack of multi-trailer trucks tends to be geographically based.
These large trucks seem to be uncommon in eastern or southern states and

much more common in the western states.” ©

Interstate and major intercity routes tend to have lower overall volume away from
urban areas, but tend to carry greater percentage of trucks (as a higher

percentage of truck trips are intercity trips).

Adjustment for the Variables

The variations described above need to be accounted for while collecting data,
proposing designs and further in the implementation phases. To remedy the
effects of variations, a large count sample is very important. At times, states are
expected to review their respective data collection programs and refine their

monitoring system. ©

To monitor the traffic at the statewide level the recommended plan by TMG

consists of:

e A modest number of continuously operating data, from the continuous count
taking sites.

e A large number of short duration data collection efforts.

Most states have installed continuous counters to study the traffic volume
patterns and to account for the variations in seasonal, day of week and time of
day factors, so as to improve the accuracy of traffic estimates. Over the passage
of time and with the improvements in the data collection equipment, continuous
traffic monitoring data collection programs in use today include the automatic
traffic recorders (ATR), automatic continuous vehicle classifiers (AVC),

continuously operating weigh-in-motion sites (WIM) etc .
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Truck volumes follow different patterns in the roadway than auto trips and overall
traffic. Truck trips tend to be longer than auto trips as auto travel tends to be
more local. As a result on higher level facilities, such as interstates, overall
volumes are less, away from large urban areas, and truck percent is higher. The
truck traffic often follows different seasonal and day-of-week trends than do total
volumes by automobiles. Therefore, if truck movement patterns are to be
accounted for, then traffic monitoring by vehicle classification becomes of utmost
importance. Continuous operating vehicle classifiers most commonly use two
types of classifiers, the axle classifier and the length classifier. The number and

location of axles for each vehicle define the vehicle classification categories.

Factoring Traffic Counts:

Adjustments to traffic counts volumes are need to be made to account for
variability in the traffic stream. A short duration count takes observations for the
time it was in-use. ) To use the data from the short duration counters to estimate
the average conditions in the traffic stream, adjustments need to be made. The
most common adjustments include the following:
1. Time of day adjustments for data collected for less than 24 hours. (TMG
recommends a minimum period for data collection as 48 hours)
2. Day-of-week adjustments for data not collected for all seven days of a
week.
3. Seasonal adjustments for data collected over a few days within a year.
4. Axle-correction adjustments for axle counts that do no convert the axle

pulses to vehicle counts by vehicle classification

Creation of Factor Groups:

Factor groups may be defined as the groups of individual data records that may
exhibit similar characteristics within them. These groups are generally used for

data-mining and statistical analyses.
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To create the factor groups for roadway systems, a group of roads is defined
based on the traffic variation and the characteristics of the roadway. © All roads
within the group are assumed to behave similarly. The mean value for the group
is calculated and is used as the base measure to know how the roads within a
group behave. The three mainly used techniques for the purpose of creating the
factor groups are:

1. Cluster analysis

2. Geographical/functional assignment of roads to groups

3. Same road factor application

In the cluster analysis, a statistical analysis program, which uses a least-squares
minimum distance algorithm, is used to determine the stations most similar. The
similar stations are then further grouped and the next closest station is found
thereafter. The output of the cluster program helps in knowing which stations
have most similar traffic adjustment patterns as it gives a sequential list of the
counters based on the similarities between them. In order to terminate the
grouping process, the mathematical distances between the groups are
considered. Too large changes in the distances between the groups indicate a
logical point to stop. In another way, a predetermined number of groups can be
set and the cluster process can be terminated at the point. It has been found
difficult though in this process to exactly know which road fits in which cluster
group. For this reason the cluster process is often modified by the use of

secondary procedures to develop the final factor groups.

In the geographical/Functional classification of the roads factor groups, the
procedure of allocating roads to factor groups is based on the available
knowledge on the traffic patterns to the professional analyst. The knowledge is
gathered from the combination of data summaries and professional experience
with traffic patterns. The initial factor groups include:

1. Urban interstates and expressways

2. Other urban roads
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Rural interstates
Other rural roads in the eastern portion of the state

Other rural roads in the western portion of the state

o 0 kW

Recreational routes.

This characterization of the roadways makes it easy to assign roads to the factor
groups. Once the factor groups are identified, the continuous counts data is
examined. The mean and the standard deviation of the factor group is computed.
These statistics help the analyst determine the size of the error for the defined
set of roadways. This process helps in reducing the bias in short counts to

produce reasonable annualized estimates of traffic.

Same Roads Application of Factor: In this process the factors are assigned from
a single continuous counter to all road segments within the influence of that
counter site. One thing important here is that the short count in question should
be taken on the same road as the continuous counter. The boundary of the
influence zone is marked on an intersection or a point where the nature of the
traffic volume changes. This approach requires a large number of continuous
counters on a network and a small number of roads against which the single-use

factors can be applied.

Weinblatt and Margiotta have worked on the seven factoring strategies for
adjusting the short duration counts. They have proposed different aggregations
for each factor and at times have combined two factors into one. ) Table 3
below summarizes the work done by Weinblatt and Margiotta for AADT
estimates. They have found relatively similar results in terms of reduction in bias

and the expected errors remaining.

Finally, it is important to stress here that these analyses hold good for the case

specifics. States need to be aware of the differences in the total volume factors
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and the traffic volume generated by trucks alone. Trucks have different patterns

and thus need to be treated with different factoring procedures.

Table 3: Effects of Alternative Current Year Factoring Procedures on AADT

Number of
Number of
Mean Absolute |Average Percent of Weekday and
) Weekday
Percentage of  [Percentage of |Observations Count Weekend
ounts
Error Error with Error > 20% i Counts
Required
Required

Unfactored 12.4% -0.6% 18.2%
Separate Month and

7.5% -0.5% 6.2% 17 19
Day-of-Week
Combined Month and

7.6% 0.4% 5.9% 12 24
Average Weekday
Separate Week and

7.5% -0.9% 6.0% 57 59
Day-of-Week
Combined Month and

7.4% -0.2% 5.8% 60 84
Day-of-Week
Combined Week and

7.3% 0.5% 5.1% 52 104
Average Weekday
Specific Day 7.1% 0.2% 5.1% 261 365
Specific Day with
Noon-to-Noon 7.0% 0.3% 4.8% 261 365
Factors

Computing AADT (Annual Average Daily Traffic)

1. By vehicle classes

2. By simple average of all days

3. By average of all the averages, known as the AASHTO method
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FHWA classifies vehicles into 13 categories based on their number of axles,
length, weight etc. In the first method of computing AADT, a set of short duration
classification counts on a road segment are obtained and without factoring it by
any adjustment factors, the estimate of AADT by VC is obtained by dividing the
counts by two. In other methods, a factored total traffic count is taken for the
whole roadway section and short duration classification counts are used to
distribute the estimate of total AADT across VC.

The second method was found easy to program. A simple average is made in
this method for all 365 days in a year. In cases of missing data, the denominator
is adjusted accordingly by subtracting the number of missing days from 365. This
does cause some bias in the program because of the unequal number of

weekday or weekend days get removed from the database.

The third method known as, AASHTO method accounted for the missing data. In
this method the average monthly days of the week are first computed. Finally, the
eighty-four values (84 = 12 months / 7 days) are averaged to yield the seven

average annual days of the week.

Denominator for monthly factor

Here the only days that are included in the computation of denominator are the
days that actually include in the data collection effort. Thus, the factor computed

here applies directly to the count against which it is being applied.

Denominator for weekly factor

For a weekly factor, the denominator is simply the average of the seven days for

the appropriate week.

Errors in Calculating AADT

To compute the error in the estimated values of Truck Annual Average Daily

Traffic (TAADT) obtained from sample classification counts, University of Regina
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studied two scenarios and finally a research note was published from where this
abstract of the findings is made. ® The first scenario revealed an improper
factoring procedure that may be used by highway agencies. It found a substantial
over estimate of truck traffic when truck counts were estimated using adjustment
factors obtained from total traffic volume. In the second scenario, adjustment
factors were obtained from the permanent automatic vehicle classifiers (PAVC)

and here better estimates for the truck traffic were found.

Only PAVC are found to provide an accurate estimate of TAADT. However due
to the budgetary and resource constraints, short-period counts are more
commonly used by the agencies. The data from the short duration counters are

factored thereafter, to estimate TAADT.

Weinblatt (1996) in his studies on the procedures, for estimating AADT and
vehicle miles traveled (VMT) has made several recommendations to reduce truck
AADT and VMT estimation errors through the categorization of highway sections

and use of appropriate seasonal and day-of-week adjustment factors.

The study undertaken by the Regina University, studied on the eight PAVC sites
representing a variety of highway types and traffic volumes. The trucks were
grouped into three classes: single-unit, single-trailer and multi-trailer. Numerous
observations regarding the temporal variations in truck type and volume were

made by the use of 48-hour period sample count.

Two scenarios were studied for calculation of the adjustment factors. Scenario 1
assumed the adjustment factors are obtained from the permanent traffic counter
reflecting the total traffic variations, rather than truck traffic variations. Scenario 2
assumed that the adjustment factors were obtained from a PAVC that has a truck
traffic pattern similar to the short-duration count site present nearby. Estimation
errors were calculated as

Error = [(Estimated TAADT — Actual TAADT)/ Actual TAADT] * 100
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The statistical results of the report showed substantial overestimates of TAADT,
when truck counts were estimated using factors obtained from the total traffic
volume, because of large differences between the traffic variation patterns for the
total vehicular traffic and the truck traffic. The width of the error interval varied
from 50 —125 percent. In the case two, where appropriate adjustment factors are

used, the expected width of the error interval got reduced to a large extent.

Results of the study also indicated a large margin of error while estimating the
truck-type distribution from a single 48-hour count site. But at the same time, it
was also found that increasing the frequency of the counts to two or three in a

year reduces the error interval.

Estimate of truck vehicle-miles traveled by use of seasonal & day-of-week
factoring

Classification count data needs to be adjusted for seasonal and day-of-week
variations. Estimating truck vehicle miles traveled using unadjusted counts may
produce wrong results. Several studies dealing with this issue are described

next.

In a study by Herbert Weinblatt, an improved effort to estimate the truck Vehicle
Miles Traveled (VMT) and Annual Average Daily Traffic (AADT) for combination
trucks was made. The procedure uses the seasonal and day-of-week factoring

recommended by the FHWA, to reduce the errors in truck AADT estimates and
eliminate the upward bias in truck VMT estimates that result from un-factored

weekday classification counts. (")
When estimating the truck VMT, which were derived using the traditional count-

based estimation techniques, Mingo and Wolff found out that there were large

differences in the estimates, ® reported by the VM-1, Table of Highway Statistics
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and the one from the Truck Inventory and Use Survey (TIUS). ® They concluded

the differences were due to two main sources:

« The derivation of truck VMT estimates is based primarily on the weekday
classification counts, which may cause bias in the results.

. The seasonal and day-of-week factoring procedure distinguished four
categories of the highway section and used different procedures for each
category. The four categories were:

= Sections that contain Permanent Automatic Vehicle Classifiers (PAVC)

= Sections on which short-duration classification counts are collected
periodically

= Nearby sections on the same road as Category 1 or 2

= All other sections of road

To develop the seasonal and day of week factors, the highway system is divided
into at least three factor groups: urban, rural interstate and rural other.
Permanent AVC'’s are established on a representative sample of five to eight
sections in each factor group. AADT by vehicle class is estimated by applying the
standard AASHTO process. Initially, an average for seven days of the week for
each month is obtained for each vehicle class. These are further averaged
across all 12 months to produce a single set of annual average days of the week
(AADW). These seven AADW values are then averaged to produce estimated

AADT for each vehicle class.

Short duration traffic counts obtained with AVC are collected for at least one 48-
hour period at least once in 3 years. At locations where AVC cannot be used
because of non-uniform speed, classification counts can be taken manually. If
manual classification counts collected during part of a day are used at some
sites, time of day factors should be used to convert these counts and estimate
total traffic by vehicle class for that day. The raw 48 hr. counts do not provide

good estimates of AADT by vehicle class.
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Sections on the same roadway located a few miles apart are also considered for
estimating AADT along the roadway. It has been observed that a section, which
resembles the section containing the AVC, can produce better results and
estimates of AADT by vehicle class rather than those obtained from the short

duration count section of the roadway.

Highway sections in each functional system should be grouped on the basis of
their traffic volumes using volume groupings given in the Highway performance
monitoring system field manual. For each functional class and corresponding
traffic-volume groups, a set of distribution factors is developed by aggregating
the AADT by vehicle class estimates obtained from the AVC sites and short

duration count site, and dividing these results by total AADT for these sections.

These factoring procedures are designed to eliminate the bias in the estimates of
truck AADT and VMT that are generally due to the weekday classification counts.
The seasonal and day-of-week factoring procedures to estimate the VMT and
AADT for combination trucks has been used by the California Department of
Transportation (CalTrans) since 1993 and by the Virginia Department of
Transportation (VDOT), since 1996.

In another study, VDOT used the Seasonal and Day-of-Week factoring to
estimate the truck AADT and VMT. The AADT values for single and combination
units were taken from various sources in the State of Virginia along with
estimates from conventional truck counts. The unfactored and distributed
estimates obtained from the 48-hour weekday counts were derived. The
unfactored estimates were derived by extracting the data from 30 sets of 48-hour
weekday classification counts obtained at each site, as the average of all
estimates for single unit and combination trucks. The distributed AADT estimates
were derived by using each set of unfactored 48-hour classification counts as the

basis for distributing total AADT across vehicle classes.
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The differences between each of the two estimates and the data obtained
through various sources in Virginia represented estimates of the average error
introduced by the two procedures for estimating truck AADT from 48-hour

classification count.

Transportation Demand and Freight Models

Transportation demand models are used to simulate the traffic flow on highways
(and on transit routes). They are based on trips being generated through the
transportation network from zonal locations as a function of population,
employment, and other demographic data. Freight movements by truck and
other modes can be simulated based on commodity flows and truck trip

generation based on land use.

A Model can be defined as an abstraction or a simplification of the ‘real world’
system. Planners and Engineers use these models of the transportation system
and their relationship to socio-economic activities to analyze the consequences
of changes in the system. Transportation planning relies on the use of models to
assess the impacts of the proposed alternatives. Future transportation supply

and demand is studied with the help of network and demand models.

Prior to World War I, information on urban traffic was obtained using roadside
interviews. Later, statistical surveys, such as home interviews, license plate
surveys and roadside surveys were employed to obtain O-D trip tables. The
increased need for studying small urban areas in detail, with cheaper and
quicker-response theories and methods for solving trip tables more conveniently
began the invention of more advanced models, since the year 1970. These

models were modified and adopted to the study of freight movements.
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Specifically, when discussing freight transportation and it's modeling, it is

foremost important to know the different types of activities that generate freight

movement, as a base for further study. So some of the activities that can be

listed here are: 1%

1. Goods transported from the producers to the consumers

2. Multi-channel distribution chains, involving wholesalers and warehousing
operations that transport goods

3. Trans-shipments or intermodal movements, etc

This classification of activities helps in defining the trip purposes in freight
models. Generally two main approaches exist that most of the freight models
pursue: (I) Commodity-based approach and (IlI) Vehicle-based approach. The
commodity based approach for freight models concentrates on the producers
and consumers of the goods, whereas vehicle-based models generate truck trips

directly as a function of different land-uses existing in the region.

In simple words, it can be said that while the vehicle-based approach develops
truck trip generation rates using land-use as a function of the socio-economic
data, the commodity based approach estimates commodity flows using socio-
economic data, economic production or consumption and shipper-carrier

surveys.

In the study undertaken here, the vehicle-based approach is considered and
truck volumes and flows are produced primarily as a function of the land-use

activities for the New Jersey region.

For the commodity-based approach, economic data and input-output tables are
used to estimate the quantity of each commaodity that is produced and consumed
in each geographic unit. Generally, models start with a known region-to-region
flow table and disaggregate inbound and outbound flows to the zonal level

depending on the economic data. (19 For the vehicle-based approach, data is
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collected through travel diaries or shipper surveys. Once trips are generated in a
vehicle-based model, they are distributed through the determination of the
destination choice. Trip table synthesis technique is used to estimate the origin-

destination matrices for the vehicle-based models.

The New York Metropolitan Transportation Council (NYMTC) has developed
such a model, which is based on linear programming algorithms. This approach
uses O-D data as well as truck counts to develop a trip table, which most fits to
the actual traffic volume on the network. The procedure for a vehicle-based
approach has been shown in the figure 7 below. Figure 8 shows the model

components for a commodity-based approach. ()

Step: Approach:

Trip generation rates or

-1 Y 1 .
Trip generation zonal regression models

o Gravity models (zimply or doubly
Trip distribution constrained) or Intervening Opportunities

J

Traffic assignment

Standard traffic assignment techniques

Figure 7: Model Components of a Trip-based ApProach
(after Holguin-Veras and Thorson, 2000a) '

Step Approach:

] ] Commodity generation rates or
Commaodity generation zonal Tepression models

] - Gravity models (simply or doubly
Commaodity distribution constrained) or Intervening Opportunities

Logit models based on panel data, Rarely
Commuodity mode split done in urban areas.

U

Wehicle-trip estimation

Loading rates based upon previous
surveys and complementary emtpy trip
\I maodlels

fi

Standard traffic assignment techniques

Traffic assignment

Figure 8: Model Components of Commodity-based Models
(After Holguin-Veras and Thorson, 2000a) '"
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Freight transportation models involve the movement of goods along with some
other movements that are not strictly speaking associated with the goods (For
e.g. construction, repair and maintenance truck trips, etc.). The non-good truck
trip models also use the vehicle-based approach for their calibration, as

commodity flows fail to have any relevance for these trips.

Freight models and software packages

Based on the purpose for which a model is used, transportation demand and
freight models are classified into various subgroups. These subgroups can be
enlisted as; National Cooperative Highway Research Program (NCHRP),
Simplified Techniques, Traffic Count-Based Models, Self-Calibrating Gravity
Models, Partial Matrix Techniques, GIS-based Models, Heuristic Models and
Facility Forecasting Techniques. There are also some special application
models, such as, the freeway trip distribution, pedestrian trip distribution and
special purpose trip-distribution models. Examples of special purpose trip-
distribution models include choice models (employing individual travelers instead
of the zones as the observation unit), continuous models (that ignores the zones
altogether with small changes in the land-use activities) and simultaneous

models (that simultaneously analyze trip distribution and other planning steps).

Traffic Count-Based Models base their working on the data collected through the
traffic counts at the different sections of roadways and highways. In order to
achieve O-D trip tables from count-based information, traffic flow is considered
static, i.e. time independent. It has been seen that among all types of easily
derived data, traffic counts gives the most important information about O-D
distribution. Based on this principle or hypothesis, many models fall and work

under this subgroup.

Gravity Models are the Self-Calibrating Models and represent the original idea of
establishing trip distributions. Here the entries of the O-D matrix are assumed to

be a function of traffic counts and other parameters. Regression techniques and
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the flow conservation law are applied to calibrate the parameters, to minimize the
difference between the observed and the established readings. This subgroup
divides further into Linear and Non-Linear Regression Models. Among the Linear
Regression Models, except the Holmes Model, all adopt a proportional all-or-
nothing assignment. Among the Non-Linear models, some models use the
proportional assignment technique and some use the all-or-nothing approach.
None of the models are found to use the user-equilibrium assignment principle.
Gravity and Intervening Opportunity Models are generally used under the context
of Urban Transportation Modeling System (UTMS).

Equilibrium Models base on the principle of user optimization of traffic flow. This
principle was originally used to guide the traffic flow assignment process. This
principle mainly states that, all the routes having positive flows between any O-D
pair should have equal traffic cost and also should not exceed the cost from any
other unused route between this O-D pair. This model helps in producing the
observed O-D travel times and as the equilibrium link flow and equilibrium O-D
travel times for a standard problem is ‘one-to-one’, it consequently reproduces

the observed link flows.

Statistical Models estimate trip tables directly from the prior information using
statistical techniques by taking into account the inaccuracies on the observed O-
D flows, row and column sums and traffic counts. This group includes the
Constrained Generalized Lease Square Model (CGLS), Constrained Maximum
Likelihood Model (CML), and the Matrix Estimation Using Structure Explicitly
(MEUSE), which uses both the historic data and the parking data as inputs.

Now, the basic models, which were first developed in the early stages of freight
modeling, are discussed in the following section and the more advanced models
and some resulting software packages that were developed based on the simple
and basic models are reviewed later. A brief review of the model applications is

also given after discussing the various Models.
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Urban Transportation Modeling System (UTMS)

In the very early stages of transportation demand model development, a model,
now commonly known as the ‘Four-Step Model’ was most popular. It was
originally developed during the 1950s and 1960s as the basic modeling
framework for the comprehensive, long-range transportation modeling. It
embodied the basic approach to urban travel demand modeling. This model,
named UTMS, i.e. Urban Transportation Modeling System, helped in predicting
the number of trips made within an area by type (work, non-work); time of day
(peak period, daily); zonal O-D pair; mode of travel used to make the trip; the
routes taken etc. ¥ UTMS consisted of four major stages: Trip generation, Trip
distribution, Modal split and Trip assignment. These four stages correspond to a
sequential decision process in which people decide to make a trip (generation),
where to go (distribution), which mode to take (modal split) and what route to use
(assignment). Various models and techniques are used in each of these steps.
Although initially UTMS had been developed to forecast person trips, the four-
step process has been adjusted and used in freight modeling.

The four stages of UTMS are shown in figure 9 below. '?

Population &
employment
forecasts

v

| Trip Generation |

|Trip Distribution l"—

¢ Transportation
| Mode Split qu network and
¢ service attributes

| Trip Assignment }4‘7

Link and OD flows
times, costs, etc.

Figure 9: Urban Transportation Modeling System
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Followed by this invention and model development, came the Input-Output
models. These [-O models helped in understanding the economic
interrelationships. They provided a view of the regional production and its
multipliers helping to understand the relationships between accessibility, jobs
gained and lost, and their values. They provided insights to labor force, basic and
secondary employment and the impacts of employment shifts on regional

economies.

Mathematical Models

Mathematical models are used to forecast freight traffic over specific network
links and nodes. They express results in volumes per unit of time. In the strategic
freight network modeling, the network models are expressed in closed
mathematical forms as optimization and game theoretic problems. As these
models are very big in size and complexity, adaptations of powerful linear and

non-linear programming algorithms are used to simplify the calculations. (14)

The demand for freight transportation services is derived from the zonal
separated production and consumption activities associated with individual
commodities. The Computable General Equilibrium (CGE) models determine the
cost, consumption and production activities for the whole economy. Researchers
have found out a common synthesis between the two, i.e. the freight models and
the general equilibrium model, and have come out with a new synthesis “Spatial
CGE model” '

A number of freight network models have been developed in the past. The first
significant strategic freight network model stating that the interactions of freight
infrastructure and the decision making agents active on a freight network can be
analyzed using mathematical programming was developed by Kresge and
Roberts (1971). It is referred to as the Harvard Brooking model and has

influenced the development of the subsequent models.
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Another important freight model has been developed by Bronzini. '® Here, a
non-linear programming formulation is used based on non-linear cost and delay
functions, considering different railway and waterway operating environments.
This model, called the CACI model, has been extensively used by many states in
the US.

Another notable freight model is the ‘Freight Network Equilibrium Model’ (FNEM),

'6) |t is based on the

which was developed at the George Mason University. ¢
game theoretic model of shipper and carrier interactions. Shippers and carriers
are the decision-making agents, where a shipper desires a commodity and the
carrier actually effect the transportation of commodities, satisfying the

transportation demands of the shippers.

A distinguished work on freight models by Friesz describes the typologies of the
models and the various compromises involved in constructing and applying an

| (7

actual model. '’ A list defining the research issues in predictive freight-network

modeling was also developed.

The following section presents a brief description of newer models, which were

derived primarily from the earlier transportation models described above.

Quick Response Freight Model

The US DOT'’s, The Quick Response Freight Manual (QRFM), uses simple
techniques and transferable parameters to help in developing commercial truck
movements. It gives urban areas a simple transportation-modeling tool for the
development of urban freight planning. '® QRFM follows the three-step process,
which includes trip generation, distribution and assignment of the traffic. It is
similar to the TranPlan model, based on the four-step model that develops,
assigns and analyzes commercial truck trips in small and medium sized areas.
Here, truck trips are broken into three types: four tired, single unit trucks with six

or more tires and combination trucks.

37



The existing model structure according to the 1996 released QRFM, assumes an
urban area with a 4-step planning model without a transit model, and with a
separate truck purpose. ' The truck purpose can be home based work, home
based non work, non home based, internal to internal trips, internal to external,

and finally external to external.

Model application: The model application includes mainly building of a truck
network, finding out the minimum time paths and thus skimming-off the minimum

paths to find the shortest possible way.

Trip Generation: Demographic data are organized into employment categories.
For the Quick-Response (Q-R) trip generation, these employment categories are
broken for each Traffic Analysis Zone (TAZ). The initial attractions and
productions are developed by the existing employment categories. Trip
generation rates are applied to both the employment and dwelling units by traffic
analysis zone. For the places where no local data/rates exist, trip generation
rates are taken from Phoenix, which are set as the default generation rates by
the QRFM. Phoenix trip generation rates are found to be close to the median
value for all available generation studies, and thus are considered as the default

values.

In order to compute truck productions and attractions simple spreadsheets are
used. It is recommended to have the spreadsheets for all three-truck categories
separately, because each class is found to have its own trip length frequency.
Finally, the trip generation balancing process is executed by setting the

destinations and attractions equal to the origins and productions.

Trip Distribution: Trips are distributed using the gravity model. The process of
distribution combines three passes: non-commercial, light trucks and the medium

to heavy trucks. The first pass computes standard distributions for the three
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possible work purposes, i.e. HB Work, Non-Work and Non Home-based. Second
pass uses the normal updated free-flow skim paths, computing the trip tables for
internal to internal four tired trucks, external to internal non commercial vehicles
and the external-internal four tired trucks. Lastly, the third pass uses the special
updated free-flow truck skim paths to compute trip tables for internal-internal and

external-internal, six tired and combination trucks

Assigning trucks to networks: Two approaches are generally found to exist for
the purpose of determining the number of commercial vehicles in a network.
They can be bulleted as:

. Existing networks are edited by removing most of the arterials and minor
collectors, leaving only an optimum number of arterials and minor collectors in
the network.

. Another approach establishes a truck network by weight limits, restrictions

and signed truck routes in an urban area.

The trips generated and distributed (as explained above), are assigned to the
networks, using user equilibrium techniques, all-or-nothing assignment

techniques or by assigning the truck trips to special truck networks.

These three processes are used as:

« Medium/heavy trucks to a special truck network

« Other non-commercial, light trucks and medium/heavy truck trips to the full
network using equilibrium assignment techniques.

« Medium/heavy truck trips and remaining light trucks to full network by the all

or nothing assignment technique.

Model Calibration: After the traffic has been assigned to the networks, estimated
truck traffic is compared to known counts. QRFM suggests comparing the total
VMT by the control total VMT. The model is calibrated when the total model VMT

is within the 5% of the total control VMT. Control VMT is calculated as the sum of
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products of truck counts and link lengths. Hourly volumes are converted to AADT
for calibration and analysis, by multiplying the total link volume by 10. After the
model output was converted into AADT, truck volumes on the links are multiplied

by the link lengths and summed to estimate the total VMT of the model.

Strategic Planning of Freight Transportation, using STAN

STAN is defined as the interactive graphic, multimode, multi-product method,
which is used for the strategic planning and analysis of freight transportation. It is
used extensively for comparing and evaluating different planning alternatives.
Planning issues may include, evaluation of impacts when changes are made in
the transportation infrastructure, for regulatory environment, to evaluate the
demand patterns based on cost, time, and other performance measures, etc.
Existing and future situations are described and a simulation of freight flows is
carried out on the scenarios. STAN offers a comprehensive and flexible modeling
framework with updated algorithmic techniques and powerful computing
capabilities. It permits the planner to visualize; the input data, results of the

computations and information from the data bank in a graphic or list form. ?%

STAN is composed of a series of modules to input, modify, and display
information related to the transportation network. The data is entered in the form
of matrices, networks or functions. The matrices handled in STAN may be full
matrices, origin or destination vectors or scalars. It has the capability of
containing various data related to the zone subdivision of the area under study,
such as O-D demands, productions by origin and the attractions by destinations.

STAN allows a variety of functions for links and transfers.

STAN provides a multimode multi-product assignment method, which minimizes
the cost of shipping products from origin to destination. It requires data
describing the components of the network and data quantifying the transportation
demand that is to be shipped, from each origin to each destination. It permits the

results to come in comparison between the flows and costs for the specified
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scenarios. STAN allows marking a demarcation line on a graphical output, which
may identify geographical characteristics of the area such as rivers, mountains or
certain regions of the country such as states etc. A logbook, created by the user

keeps the record of the identities and the elements of the data bank.

STAN is an open system where the new developments and enhancements may
be added to its methodological core and to its functionality. It assumes that the
demand for transport has been specified for each product by a number of O-D
matrices. It allows the evaluation of the maximal flow amounts of certain
commodities that can be transported with the existing infrastructure, thus being

useful when considering major changes in demand.
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Applications of the Models and the Software Packages

Analyzing Highway Capacity for Freight Transportation

An analysis examining the sufficiency of capacity of the transportation system in
meeting forecasted freight demand has been done by Edward Fekpe ?" Using
the TransCAD, Geographic Information System (GIS) framework a base network
for the freight transportation demand analysis was established. 2) \While
establishing the freight network, logical consistency, network connectivity for all
links, county centroid connections and identification of key intermodal
connections were made. The freight demand analysis was carried out only after
the network was established. Traffic flow maps showing the actual volumes of
traffic were made from the state provided traffic count data. These freight flows
were then converted into truck trips using knowledge of truck payload
characteristics (by commodity type), i.e. commodities were converted into truck
types and then each type was configured to convert the commodity into truck
trips. Empty truck percentage was derived in order to account for the total

capacity of the highways.

Traffic assignment models were used to estimate the traffic flow on the network.
Both the Capacity Constrained and Capacity Unconstrained scenarios were
considered for the traffic assignment. The network was calibrated further to
ensure that the assigned truck trips were as closely as possible matching the
actual truck volumes in the network. Truck peak hours were considered for the
analysis. After the trips were assigned on the highway in the network,
performance measures such as traffic volume, travel time, link delay, average
speed etc. were measured to determine the network deficiencies, and thus the
capacity of the highway.
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Input-Output Model in the State Of Wisconsin

The study by Sorratini, deals with the statewide truck trip estimation using
Commodity Flow Surveys and the Input-Output coefficients. *® This model was
used for the state of Wisconsin. Production and attraction rates were derived at
the county level in terms of tons of each commodity. TRANSEARCH, the private
database developed as a joint product of many agencies, was used for the State
to derive the trip production rates. Economic based I-O software (it was believed
that the demand for freight is better explained when derived from economic
activities rather than from traffic counts and projections) was used to derive the I-
O coefficients and develop the trip attraction rates. Annual tons were converted
into daily truck trips using an average-tons-per-vehicle, and a days-per-year
factor. The resulting trips were disaggregated to the Traffic Analysis Zones

(TAZ), based on zonal population.

Vehicle and commodity flow data rather than traffic counts and frequency alone
were fed as input. Freight traffic projections were based on the economic activity
instead of trend extrapolation. The commodity and employment data together
with the I-O coefficients were used to improve the truck trip generation process.
The procedure was used in the four-step model. The overall algorithm for the

freight productions and attractions is shown below in figure 10.
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Input data

Caommodity Flow Survey
TRANSEARCH

Freight productions Freight attractions

Production rates by employment Attraction rates (ind ustrial) by employment

and commodity type—state level and commodity type—state level
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r

I-1 trip type E-I trip type
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Figure 10: Production and Attraction rates
(A report on Estimating State-wide Truck Trips by Input-Output Coefficients, by Jose A. Sorratini)

The production and attraction rates in tons are stratified by commodity type and
by all modes of transportation, including trucks, rail, air, water and pipeline. The
truck share from the Commodity Flow Survey data is applied to derive the truck
tons. Truck trips for four trip types: Internal-to-Internal, Internal-to-External,
External-to-Internal and External-to-External was derived. IMPLAN Professional,
which has been described in a previous section, was also used for the state of

Wisconsin, with 528 sectors to be aggregated.

Truck-Travel Demand Model for the State of Wisconsin

A simple statewide truck-travel demand model for Wisconsin was developed
using only readily available data, including a small amount of data from O-D
travel surveys and fairly extensive truck-classification count data. ®* Trucks in

this study were defined as two-axle heavy trucks or larger. The conventional
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three-step process (trip generation, distribution and assignment) was used with
the addition of selected link-loop analysis (SELINK). This was required because
of the inefficiency of the available O-D survey data, for calibrating statewide trip
generation model at the zonal level. Data for SELINK analysis is obtained from
the traffic assignment programs. “ For each specified one-way link, the
assignment program creates an O-D trip table that is composed of all the trips
that are assigned to the specific selected link. In the adjustment procedure, the
actual truck-traffic volumes were compared with the estimated truck-traffic

volume for each selected link”.

Initial internal trip generation model was based on the population data and
measures of economy activity for trip attractions and productions in the zone. For
external stations, direct estimates of truck-trip productions and attractions were
available from the vehicle classification counts. Trip distribution was carried out
using the Gravity models. For the statewide traffic assignment, All-or-Nothing
Approach was used, as very few links were found congested in the zones. The
resulting link volumes were compared with truck volumes from the classification

counts.

The over-all performance of the truck-travel demand model was measured by the
Root-Mean-Square Error method, when the model generated link volumes were
compared with ground counts. Screen-lines were also identified for potential

regional biases.

0O-D Estimation Models and Freight Modeling in Bronx (NY City)

To synthesize the truck flow pattern from the fragmentary data / observation, List
and Turnquist (1994) proposed an O-D estimation method. This method was

based on a linear programming model that would minimize an objective function,
given the user-defined choice of variables for the truck classes and network zone

structure. This model used data in different forms and combinations, including
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link volumes, classification counts, cordon counts for the trucks entering and
leaving the study area etc. The link-use coefficients for each O-D pair were

calculated with the help of a probabilistic path assignment algorithm.

Unlike past models, this model incorporates multiple vehicle classes. It
employees a three-tier classification scheme in the form of commercial vans,
medium trucks (two axle, six tire and three-axle single unit), and heavy trucks
(trucks with four or more axles, and all tractor trailers). This model also provides
the control parameters to allow introduction of varying degrees of confidence in
different observations of link volumes and classification counts. This new method
was found to have a more general formulation, designed to accept data in forms

other than link counts. '

The model was tested in a network in Bronx, New York City. Data for the flows to
and from the specified zones were collected for three different times in a day
(a.m., p.m. and midday) and three truck classes (light, medium and heavy). The
developed model generated nine O-D matrices and link flows for the test

network.

Truck Flow Estimation by use of O-D matrix

To estimate the O-D flows for a given region, a trip matrix matching a set of field
observations is of great interest and importance. List and Turnquist used data
from various sources and in varied forms with multiple vehicle classes for the OD
estimation, for the City of New York. Varying degrees of estimation with
asymmetric error functions for overestimation and underestimation of observed

values were provided with controlled parameters to allow for their specification.
(11)

Vectors for estimated O-D flows and flow observations were found. They called
these vectors ‘x’ and ‘b’ respectively. A set of estimates for the observations

derived from ‘X’ was named as ‘v'. Target matrix was ‘f. List and Turnquist have
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given two models in the same study; in the earlier model the objective was
specified as:

Minimize: y1D1(x, t) + y2D2 (v, b)
Where, D1 (x, f) and D2 (v, b) are the penalty functions and, y1 and y; are the
weights that control relative degree of importance placed on matching either ‘t or
‘b
Once all these parameters are specified, O-D flows ‘x’ are matched with ‘t,
subject to v = Ax and v>=0 and x>=0. A gradient-based optimization technique to

create the trip matrix fitting the set of input data was used.

The model accepted three types of field observations: arc volumes, area-to-area
flows and total originating/terminating trips for a given zone or set of zones. The
analysis network consisted of arcs and nodes. Non-overlapping zones were
established with each zone having a node known as the centroid. Truck flows

were divided based on the FHWA truck classes.

Another model by List and Turnquist addressed a larger population adding new
types of observations to the original observation set, screen line counts, and the
distribution of trip lengths. The new model accounted for small deviations of ‘v’
from ‘b,,’. It developed a high tolerance for inconsistent observations and helped
in easily detecting and fixing of data errors. Also it produced a trip matrix that

matched the field observations very well.

Statewide Models from different States across the Country

Virginia

Application of a Statewide Intermodal Freight Planning Methodology ?®

The state of Virginia developed a Statewide Intermodal Freight Transportation

Planning Methodology to identify problems and evaluate alternative
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improvements for Virginia’s freight transportation infrastructure. In order to have
all the freight movements across Virginia analyzed, commodity flows by both
weight and value were considered. A geographic information system (GIS)
database was created to show freight volumes, county-level population, and the
employment information. The various factors influencing generation and
attraction of freight in a given area of Virginia were studied and using statistical
analysis techniques, relationships were defined among freight origins; attractions,
or destinations of freight traffic; and publicly available socioeconomic data. These
relationships were used to predict the generations and attractions of each key

commodity for each Virginia county and independent city.

Florida

Florida Intermodal Statewide Highway Freight Model ?®

With the growing importance of the freight transportation and in response to
some legal legislatives, the Florida department of transportation (FDOT)
developed an Intermodal Statewide Highway Freight Model in the year 2000.
This model identifies and measures the truck activity in the state, also providing
an adequate in-sight into highway connection for other modes of transportation
and regional freight hubs. This model was created compatible with other planning
databases and tools supported by the Department, so that a framework could be
provided for modeling statewide truck freight activity, consistent with ongoing
enhancements in the state. This model was made supportive to the freight

modeling activities within urban areas of the state.

Indiana

Commodity Flow Survey in Indiana ?®

In the year 2000, the Indiana state authorities created a database of commodity
flows within the State using the Commodity Flow Survey from the year 1997, so

as to forecast the freight movement for the whole state. Commodity flow survey
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was done as a partnership program between the Bureau of the Census, U.S.
Department of Commerce and the Bureau of Transportation Statistics, U.S.
Department of Transportation, providing information on commodities shipped,
their value, weight, mode of transportation, and their origins and destinations.
Indiana created the database for the state and assigned these flows to the

Indiana highway network, which would help them know the freight demand. (28)

lowa

Statewide Transportation Planning Model 8

The state of lowa has been active in freight transportation modeling efforts since
the early 1970s, focusing primarily into the grain forecasting models. In the year
1996, the lowa DOT developed a multi-modal and tactical model capable of
modeling movements of several commodities. The department wanted to
simulate the impacts of changes in service variables on freight movements and
investigate the rational behind the commodity movements. To identify and
develop tools that may support freight planning and modeling for the DOT, a
matrix was developed in 1997, to help the authorities. Dimensions of the matrix
included selected freight planning issues and scenarios, and a prioritized list of

commodity types for lowa, using GIS and Internet technologies. *°

Kentucky

Freight Commodity and Intermodal Access in Kentucky - Freight Movement and
Intermodal Access in Kentucky “®

In order to understand the freight flows in the state of Kentucky, and also to know
the potential of commodity data as an input for the statewide transportation-
planning model, the Kentucky DOT conducted a project in the year 1999. It used
its data from the Reebie Associates, developed with the Federal Highway
Administration, and checked for its consistency with other sources of aggregate
freight data for Kentucky (except for airports). Later in the project, it was found
that the modeled truck volumes do not match with the 1996 KyTC classification

counts particularly for non-freeway routes and these errors were attributed to the
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large zone size used in the model as well as the representation of Tennessee as
a single zone. Specific recommendations were also made for KyTC’s

consideration for future freight transportation planning efforts.

Minnesota

Minnesota Statewide Freight Flows Study “®

In the March of 2000, the state of Minnesota undertook a study, to identify and
understand the movement of goods in the State and also locate the key corridors
where improvements were needed. The study aimed at identifying the volume,
density, and character of major freight flows in the State by mode and corridor;
the origins and destinations of freight flows; study the infrastructure and policy
issues. It compiled and evaluated data with freight system performance
measures and made recommendations to support and compliment the

Interregional Corridors study.

Oklahoma

Freight Movement Model Development for Oklahoma ®

The state of Oklahoma developed a prototype software system to run its Freight
Movement Model for the state. This model, named as the ‘Freight Movement
Model Development’ for the state aimed to help the Oklahoma DOT in planning &

executing projects related to improving freight movement in the state.

Oregon
Oregon Freight Truck Commodity Flows ©®

The Oregon DOT in 1998 initiated a study to know the information gaps of
commodity movements by truck in the state. The ‘Oregon Freight Truck
Commodity Flows’ study would help authorities in knowing the goods movement
in terms of truck volume, payload weight, economic value, time of day travel, and

fleet ownership attributes, given by key commodity groups.
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Texas

A Comprehensive Commodity/Freight Movement Model for Texas ®

To better estimate and forecast movement of passengers, freight and commodity
into and within the state of Texas, the Texas DOT developed a Statewide
Analysis Model (SAM). The freight and commodity modeling results of the SAM
were then integrated into the urban area travel demand models. The models
were developed to predict intra-urban area movements of freight and
commodities by mode and the additional movements generated by state,
regional, and national movements of freight and commodities into urban areas.
These models were tested and applied to a major urban area within Texas to

demonstrate their application.

New Jersey Statewide Existing Models

MPO Regional Models

The state of New Jersey has three metropolitan planning organizations (MPO),

namely the North Jersey Transportation Planning Agency (NJTPA), the Delaware
Valley Regional Planning Commission (DVRPC) and the South Jersey

?6) These three agencies divide

Transportation Planning Organization (SJTPO).
the twenty-one counties of New Jersey with NJTPA catering to thirteen counties,
DVRPC with four New Jersey and five Pennsylvania counties and lastly SJITPO
with the remaining four counties including Atlantic City. Three transportation
demand models, corresponding to each of these MPO have been developed

jointly by NJDOT and the MPO.

The Statewide Model:

A statewide model including all 21 counties has been developed. To lower the

cost, time and complexity of the model, the three regional models along with the
Port Authority of NJ/NY and the New Castle County Model from Delaware DOT
were combined. The main benefit of this approach was that a need for an all-

together new four-step model was eliminated, which would save both the time
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and the money. The North Jersey model, which included the largest portion of

the NJ zones, was considered as the base for the statewide model.

None of the existing old models had the ability to separately evaluate truck and
goods movement, therefore development of a truck model as part of the
statewide model was found important. The Statewide Model developed the
networks that were expanded to include the coding for truck and non-truck
routes. Truck restrictions were placed on the network. The external zones and
the trip tables from the five models were connected to create a single network for
the statewide model, by the use of the FORTRAN based Trip Table Weaving
Technique. The truck trip tables, considering four truck classes, were developed

using a standard gravity model, based on the commodity flows for the region.

This network merging and Trip Table Weaving Technique provided a cost-

effective method to create a statewide model which allows NJDOT and other
outside agencies to evaluate significant projects that cross MPO boundaries,
which otherwise could not be accomplished alone by any of the three existing

regional models.

Furthermore, a model for assigning multi-commodity, multi-class truck trips
between various origin and destination points has been developed for the state of

") The model takes into account the impacts of congestion on truck

New Jersey.
route choice and is implemented as a Geographic Information System (GIS)
within the TransCAD software package and Microsoft Access. It is used to
ascertain impacts of proposed capital improvements on the transportation

network performance.
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DATA COLLECTION

The data collection effort was separated into two areas: traffic counts and

roadway information.

Traffic Counts

A majority of the traffic counts have been obtained through New Jersey
Department of Transportation’s (NJDOT) Bureau of Data Development. NJDOT
maintains numerous vehicle count stations throughout the state through their
Traffic Monitoring System (TMS). As a part of this system, certain stations
collect information pertaining to vehicle size, weight, and classification for

selected roadways throughout the state.

The traffic counts are divided into two categories: long and short duration counts.
Long duration counts are collected from permanent facilities that record vehicle
counts year-round. Short duration counts are temporary vehicle count stations
situated at various locations around the state. These counts are primarily 48-
hour vehicle classification counts that provide added geographic coverage but do
not account for the temporal variations in traffic such as seasonal (monthly) and
day-of-week variations. Upon recommendations of NJDOT personnel, all short
duration vehicle classification counts compiled for this task have been adjusted

using axle correction and pattern factors from the year 2000.

A number of supplemental traffic counts were also collected from toll authorities
such as the New Jersey Turnpike Authority and the Delaware River Joint Bridge
Commission as well as from NJDOT’s non-classified Automated Traffic Recorder
(ATR) locations.

The following is a summary of the long and short durations count sources
identified and collected as part of Task 2.1.
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Long Duration Counts

Source: New Jersey Department of Transportation WIM Stations

NJDOT maintained 46 permanent weight-in-motion (WIM) locations between

1998 and 2001. These stations report average daily vehicle classification

counts for both directions of travel throughout the year. The table 4 below

shows the vehicle classification scheme and the locations are shown in figure

11.
Table 4: Vehicle Classification scheme

Unclassified vehicles which do not fit into any other classification.

Class 0 Vehicles which do not activate the system sensors are also
unclassified.
Motorcycles. All two- or three wheeled motorized vehicles. This

Class 1 category includes motorcycles, motor scooters, mopeds, and all
three-wheel motorcycles.

Class 2 Passenger Cars. All sedans, coupes, and station wagons
manufactured primarily for purpose of carrying passengers.

Class 3 Other two-axle, four-tire single units. Included in this classification
are pickups, vans, campers, and ambulances.

Class 4 Buses. All vehicles manufactured as traditional passenger-carrying
buses with two axles and six tires or three or more axles.

Class 5 Two-Axle, Single Unit Trucks. All vehicles on a single frame
including trucks, camping and recreation vehicles.

Class 6 Three Axle Single Unit Trucks. All vehicles on a single frame
including trucks, camping and recreational vehicles.

Class 7 Four or more Axle Single Unit Trucks. All vehicles on a single frame
with four or more axles.
Four or Less Axle Single Trailer Trucks. All vehicles with four or less

Class 8 axles consisting of two units, one of which is tractor or straight truck
power unit.

Class 9 Five-Axle Single Trailer Trucks. All five-axle vehicles consisting of
two units, one of which is a tractor or straight truck power unit.
Six or More Axle Single Trailer Trucks, consisting of two units, one

Class 10 of which is a tractor or straight truck power unit.
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Class 11

Five or Less Axle Multi-Trailer Trucks, consisting of three or more

units, one of which is a tractor or straight truck power unit.

Class 12

Six Axle Multi-Trailer Trucks. All six-axle vehicles consisting of three

or more units, one of which is a tractor or straight truck power unit

Class 13

Seven or More Axle Multi-Trailer Trucks. All vehicles with seven or
more axles consisting of three or more units, one of which is a

tractor or straight truck power unit

Source: New Jersey Turnpike Authority

The New Jersey Turnpike Authority (NJTA) collected vehicle classification

counts between each exit along the Turnpike (i.e. a counter was placed at a
mid-way point between exits 5 and 6 on the New Jersey Turnpike) for each
month from 1998 through 2001. There were a total of twenty-five locations
that vehicle counts were collected from. Dividing each month’s count by the

number of days in that month provides the average daily vehicle count for that

month.

4 WIM Stations
National Network

Figure 11: NJDOT’s WIM Locations
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* NI Turnpike Counts

HNational Network

Figure 12: NJTA Vehicle Classification Counts

Source: Delaware River Joint Toll Bridge Commission Classification

Counts

The Delaware River Joint Toll Bridge Commission (DRJTBC) maintains seven
facilities that record the total number of vehicles by class for the years 1998
through 2001. The locations of these facilities are shown in figure 13. The
totals can be divided by the number of days in a year (365) to get an average
annual daily traffic count. Each December, the total number of vehicles by
class is recorded each day for each toll facility. Once again, this value can be
divided by the number of days in December (31) to obtain average daily

traffic.
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Short Duration Counts

4. Source: NJDOT Vehicle Classification Counts (Division of

Transportation and Data Technology / Division of Traffic Engineering and

Safety)

From NJDOT, vehicle classification counts are available for a variety of

roadways between 1996 and 2002. For particular locations, truck
percentages have been calculated for heavy, single-trailer, and double-trailer
trucks. In addition, single and double-trailer truck percentages are divided
into peak and off-peak percentages. The count locations for this dataset,
which includes 296 24-hour surveys, 34 8-hour surveys, and a 1-hour survey,

are shown in figure 14.

5. Source: NJDOT Vehicle Classification Counts (Division of

Transportation Systems Planning

Bi-directional vehicle classification counts and truck percentages are available
for download from the NJDOT website as PDF files for interstate, state,
county, and toll facilities for the year 2000. There were a total of 36 locations
throughout the State that contained count information; all 36 locations
provided truck percentages and 30 locations provided vehicle classifications
counts, as shown in figure 15. The count time periods ranged from eight
hours to 29 days. Locations were identified using latitude-longitude

coordinates obtained from the downloadable files.

6. Source: NJDOT ATR, Classification, and Turning Movement Counts

Automatic Traffic Recorders (ATR), vehicle classification, and turning
movement counts for various areas in Union, Essex and Hudson counties are
available in hard copy format. The maijority of these locations have been

identified and geo-coded, as shown in figure 16.
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+  Classification Counts

National Network

Figure 14: NJDOT Vehicle Classification Locations
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*  Classification Counts

INational Network

Figure 15: NJDOT Vehicle Classification Counts in 2000

4  ATR, Vehicle Classification,
and Turning Movement
Counts
National Network

Figure 16: NJDOT ATR, Vehicle Classification, and Turning Movement Counts
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The ATR’s contain hourly vehicle counts (at least 48 hours), which are used
to calculate average weekday vehicle totals. The weekday averages are
multiplied by pattern and axle-correction factors to get AADT estimates for

both directions of travel.

Vehicle classification counts were collected for all FHWA classes for a
minimum of six hours. Percentage totals were calculated for each class for
various time periods. Each direction was calculated separately. There were
some data sheets that calculated total AADT estimates using pattern and axle
correction factors. This data also contained truck percentages for single and
multi-unit trucks for the peak hour and a 24-hour average, as well as k-
factors, d- factors, and t-factors. (K = peak-hour factor; the proportion of
vehicles traveling during the peak hour, expressed as a decimal, D =
directional split factor; the proportion of vehicles traveling in the peak direction
during the peak hour, expressed as a decimal and T = curb lane truck factor,

proportion of large trucks traveling in the curb lane, expressed as a decimal).

Turning movement counts were conducted for each approach of an
intersection in 15-minute intervals. The time period for the surveys varied
from 8 — 36 hours. Traffic flow diagrams were drawn to show total turning
movement traffic for times specified on each sheet. In addition to the turning
movement counts and flow diagrams, a few locations calculated 24-hour
volumes, AADT estimates, and directional split and “K” factors, for each

direction.

Source: NJDOT Average Annual Daily Traffic Counts

NJDOT collected short duration counts at various locations throughout the
year and subsequently converted them into average annual daily traffic
(AADT) estimates. This data, consisting of 1,804 locations, was gathered for

geocoded counts collected between 1996 and 2000, are shown in figure 17.
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Figure 17: NJDOT AADT Count Locations
Vehicle Count Location Map

All counts that have been geo-coded were mapped and are displayed, by county.
Some counts are more relevant to the purposes of this study than others. In an
attempt to illustrate the relevancy of each count dataset, a color code scheme
was developed and is shown in figure 18. Long duration counts, received the
highest relevancy ranking (red), while short duration counts, received the lowest

ranking (blue). Figure 19 to 39 show the vehicle count locations by county.
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Figure 18: Relevancy Coding
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Figure 19: Vehicle count locations for Atlantic County
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Figure 20: Vehicle count locations for Bergen County
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Figure 21: Vehicle count locations for Burlington County
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Figure 22: Vehicle count locations for Camden County
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Figure 23: Vehicle count locations for Cape May County
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Figure 24: Vehicle count locations for Cumberland County
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Figure 25: Vehicle count locations for Essex County
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Figure 26: Vehicle count locations for Gloucester County
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Figure 27: Vehicle count locations for Hudson County
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Figure 28: Vehicle count locations for Hunterdon County
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Figure 29: Vehicle count locations for Mercer County
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Figure 30: Vehicle count locations for Middlesex County

74



MONMOUTH
COUNTY

Vehicle Count
Locations

LEVEL OF RELEVANCY
IN TRUCK STUDY

. High

. -

NADOT Weight in Motion (WIN)

New Jersey Tarnpike Authority
vt 200y
DRITEC Counts

NIDOT Counts ¥
19 - T

NADOT ¢

‘it e (1316 TRTTD
NIDOT AADT

Figure 31: Vehicle count locations for Monmouth County

75



MORRIS COUNTY

Vehicle Count
Locations

LEVEL OF RELEVANCY
IN TRUCK STUDY

. High

. -

NADOT Weight in Motion (WIN)

New Jersey Tarnpike Authority
vt 200y
DRITEC Counts

NIDOT Counts ¥
19 - T

e el son (121 THOTR
NIDOT AADT

Figure 32: Vehicle count locations for Morris County
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Figure 33: Vehicle count locations for Ocean County
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Figure 34: Vehicle count locations for Passaic County
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Figure 35: Vehicle count locations for Salem County
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Figure 36: Vehicle count locations for Somerset County
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SUSSEX COUNTY
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Figure 37: Vehicle count locations for Sussex County
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UNION COUNTY
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Figure 38: Vehicle count locations for Union County
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WARREN COUNTY
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Figure 39: Vehicle count locations for Warren County
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In total, a dataset consisting of 270 locations was created and used for the
analysis. At the beginning of the project, it was expected that the analysis will
have traffic counts available from thousands of locations through-out the state, by
various different sources, but later due to the different classification systems
adopted and adjustments made on the traffic counts, it was not possible to have
and use a huge dependent dataset. Figure 40 below shows the location of the

270 counting sites, which provided data used in the analysis.
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Figure 40: Data locations

Roadway Information

There are several primary sources of data for the roadway network in New
Jersey.
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1.

Source: NJDOT Statewide Truck Model
The Statewide Truck Model (STM), the network topology of which is

shown in figure 41, includes all primary truck routes in the State of New

Jersey and surrounding counties of New York, Pennsylvania, and
Delaware. The model's base year 2000 contains information for autos,
light trucks and heavy trucks in the form of estimated volumes, capacities,
and speed/time for both directions of travel. In cases where actual truck
volumes are limited or not available, the assigned volumes generated by
the base model can be used to support, supplement, or substitute for

reliable truck counts.

. Source: NJDOT — New Jersey Congestion Management System

The New Jersey Congestion Management System (NJCMS) version 2.0,
with the RA database series, shown in figure 42, contains 24-hour
directional truck counts that can be used in conjunction with the Statewide

Truck Model volumes.

Source: NJDOT National and Access Network

The New Jersey National Network is a 545-mile network that includes the
major interstate and other through highways in the state. These are the
only roads in the state that are available for large (102 inch) interstate
(through) truck traffic. The New Jersey Access Network is a 1,812-mile
network that includes the National Network as well as major state
highways. The Access Network is available to all trucks with a local (in-

state) origin or destination. The two networks are shown in figure 43.

Source: NJDOT 2002 New Jersey Straight Line Diagrams
The New Jersey Straight Line Diagrams (SLD) provide detailed

information about the geometry, mile posting, capacity, speed limits, and
volumes of all state highways and most county routes in the state. This

data is not available in GIS format.

85



Figure 41: 2000 Statewide Truck Model
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Figure 42: CMS Network
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New Jersey National and Access Network

e Mational Network

Figure 43: New Jersey National Network and Access Network
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Major Truck Generators

Gathered from a variety of sources, major truck generators have been identified,

compiled, geo-coded and mapped. The data set of generators is comprised of

intermodal facilities such as rail yards, airports, ports; major wholesale and retail

facilities; distribution centers; and warehouses.

Several sources have been identified as major truck generators.

1.

The ESRI BIS business location data (Environmental Systems Research

Institute Business Information Solutions) is extracted from a
comprehensive list of businesses licensed from InfoUSA. Data items
include business name and location, franchise code, industrial
classification code, number of employees, and sales volume. Businesses
addresses have been geo-coded to assign a latitude/longitude coordinate
to the site and to add a census geographic code (i.e. Block Group) to each
data record. Overall, 85 percent of the businesses are coded at the
address level, with more accuracy expected in urban areas. 87 percent of
the businesses are assigned to a census block group. Businesses not
assigned to a block group have been assigned to a census tract or county.
InfoUSA, which supplies the data to ESRI BIS, does not divulge how many
businesses it thinks are “missing” from its database. The data is gathered
from several sources, including: yellow pages and business white pages,
annual reports, federal, state, municipal government data, business
magazines, newsletters and newspapers, and U.S. Postal Service
Information. Telephone verification is conducted annually. For the
records that are included in the database, however, the company claims
the following accuracy rates. These rates are based on a self-audit the
company performed in 2001. A subset of the entire database, which
consists of businesses whose North American Industrial Classification

code (NAICS) are classified in the sectors of mining, construction,

89



manufacturing, wholesale trade, retail trade, and warehousing and has
500 or more employee, has been identified to represent major truck

generating facilities, shown in figure 44.

Business Locations

National Network

Figure 44: ESRI Business Locations

2. Compiled by the USDOT Bureau of Transportation Statistics (BTS), the

Intermodal Terminal Facilities data set contains point-based GIS data for

trailer-on-flatcar (TOFC) and container-on-flatcar (COFC) highway, rail
and/or rail-water transfer facilities in the United States.
Attribute data specify:
e The name of the facility;
o The intermodal connections at each facility, i.e., the modes involved
in the intermodal transfer, and the direction of the transfer;
e The Association of American Railroads (AAR) reporting marks of the
railroad serving the facility (if applicable); and

e The type of cargo.
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Shown in figure 45, there are 90 points in this data set located in New Jersey.

Approximately one-half of the points are within five miles of Port
Newark/Elizabeth.

3. A database of 243 wholesale distributors for Essex, Hudson, and Union

Counties was acquired from the New Jersey Department of Commerce via

NJDOT. This database, dated from 2000, was geocoded, mapped and

shown in figure 46.

Attribute data included in this dataset include:

Business name;

Address location;

SIC industry code;

Employment;

Annual sales totals;

The nature of the specific facility (e.g. headquarters, branch, single
location); and

Several other fields related to the ownership and status of the

business.

4. The Louis Berger Group, Inc. created a database for NJDOT in the early

1990s that identified warehouses in New Jersey. This database consists

of warehouses grouped into six facility types, as shown in figure 45.

Truck terminal
Truck stop
Truck company
Marine terminal
Warehouse

Pipeline
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#  Terminals
Mational Metwork

Figure 45: Intermodal Terminal Facility Locations
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Figure 46: Wholesale Distributor Locations
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With a total of 860 records, the database was divided by Metropolitan
Planning Organization region. There are 792 records for the NJTPA
region (47 percent geocoded) and 68 records for the SJTPO region (26

percent geocoded). No records in the DVRPC region were included.

5. The names and addresses of 82 liquor license warehouses have been

obtained from the New Jersey Bureau of Alcohol Beverage Control
through NJDOT. These facilities have been geocoded and mapped and

are shown in figure 48.

6. The New Jersey Statewide Truck Model (STM), administered by NJDOT,

can be used to identify major truck generators. This model’s network

includes all of New Jersey plus portions of New York, Pennsylvania and
Delaware. In the base year 2000 network, 130 “special generator” zones
were added to account for truck traffic originating and destined for airports,
seaports, rail yards, and freight distribution redevelopment sites; 119 of
these zones are located in New Jersey. Unlike the other truck generators,
the freight distribution zones do not represent specific locations but areas
around Port Newark/Elizabeth where greater detail was added to the zonal
structure to account for the development potential that exists in the area
from many available Brownfield sites. Specific daily truck generation at
each zone is included in the model. The locations of these special

generator zones are shown in figure 49.

7. The New Jersey Business & Industry Association publishes a listing of the

Top 100 New Jersey Employers’. This listing, updated in 2002, gives an

indication of the number of employees and the location of the company or
agency’s headquarters. No indication of branch locations or truck

generation is given.

! http://www.njbrc.org/business/top100.html and http://data.njbiz.com/njbrc/employers.html
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8. The International Warehouse Logistics Association (IWLA) is an

organization of companies which fosters and promotes the growth and
success of public and contract warehousing and related logistics services.
The organization serves third-party warehousing based logistics firms,
warehouse/logistics divisions of industry firms, and warehouse logistics
professionals around the world. Members? of the association that are
based in New Jersey can be identified but no indication of the size of the

business is available from the associations website.

9. The New Jersey Department of Labor maintains an Internet accessible

listing of employers by industry from its Workforce New Jersey Public

Information Network®. Nine categories of “trucking and warehousing” are

specified such as local trucking, trucking terminals, and general
warehousing. There are 2,020 locations listed in the trucking and
warehousing industry, with the company name, address, and contact
information available. Companies with multiple locations are listed for
each location, however no indication of how many employees or the

amount of truck trip generation is given.

*http://www.iwla.com/Search/Display AllMembers.asp?menu=MemberR oster& Background=MemberRoste
r&tabl=MemberRoster&tab2=MemberRoster&select=MemberRoster
? http://wnjpin2.dol.state.nj.us/wnjpin/html/e_top.htm
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Marine Terminal
Pipeline

Truck Company
Truck Stops
Truck Terminal
Warehouse

Bulk Transfer
Mational Metwork

Figure 47: Warehouse Locations by Facility Type
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& Liguor Warehouses
Mational Metwork

Figure 48: Liquor License Warehouse Locations
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Special Generator Zone Locations in NJ

Special Truck Generator By Type

TTTTT

Figure 49: Special Generator Zone Locations
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FACTORS INFLUENCING CHANGE IN TRUCK FLOWS

Different criterion or factors that may influence changes in truck flow were
identified and defined under this section. All selected roadways were divided into
smaller sections for the analysis and to better understand the movement of

traffic.

Sections of constant truck characteristics were defined by major interchanges
and cross-routes, changes in roadway function, major truck generating facilities
and also by ESAL (Equivalent Single Axle Load). Most vehicle classification
segments were expected to span several traffic volume segments because truck
traffic can remain fairly constant despite changes in total traffic volume. This
resulted in smaller number of segments. The following criterion were used to

divide the twelve roadways into sections:

1. MAJOR INTERCHANGES AND CROSS-ROUTES
Truck flows usually change when they reach maijor interchanges. A new section
was defined where two roadways that are included in the truck network, crossed.

If a cross-route had minimal truck traffic, then it was not included in the network.

2. CHANGES IN ROADWAY FUNCTION
Sections were also defined by major changes in roadway function. For example,
US 1 through downtown Trenton is a limited- access highway; this would be
defined as a different section than the areas north and south that have no access

control.

3. POLITICAL BOUNDARIES

Political boundaries, municipal or county, were not used to define sections.
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Roadways that were classified as rural or urban, interstates, and arterials
qualified for inclusion. The test roadways were selected in such a way that could
give us a complete picture of the truck flow on all types of highways; thus the
selection comprised of five interstate, five major arterials and two minor arterials,

as given below:

1. 180 7. US1
2. 178 8. US40
3. 1287 9. US 130
4. New Jersey Turnpike (north) 10. US 9
5. New Jersey Turnpike (south) 11. NJ 31
6. US 206 12. NJ 47

After the meeting with NJDOT in August 2003, it was decided that these selected
roadways should be revised and should be considered based on their location,
importance and number of available counts on them. Location of the roadway
was important so that it could capture the information from the neighboring states

as well. Thus a selection of the following 14 highways was selected:

1) Atlantic City Expressway 13) US 40
2) 1287 14) US 9
3) 1295

4) 178

5) 180

6) NJ 31

7) NJ 47

8) NJ 49

9) NJ 55

10) US 1

11) US 130

12) US 206
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The roadway sections on these selected 14 highways are shown below in the
figures. Each section was reviewed to determine whether there were actual truck
volumes available. The goal was to have at least one count per section.
However, there were some sections that contained no counts and others had
more than one count. Sections that had multiple counts were averaged together
depending upon if they are similar. Sections that contained dissimilar counts

were split into entirely new sections, to reflect the new truck characteristics.

Figures 50 through 63, shown below are the roadway segments for each of the

14 selected roadways.

o
Camden MJ
Burington M.
Section |section_id Section(From-To)
e, 1|ACE_ 01 Baltic Ave to US 9
2|ACE (02 US 9 to Garden State Pkwy
/ 3|ACE_03 Garden State Pkwy to NJ 50
e 4|ACE_04 NJ 50 to NJ 54
Ve 5|ACE 05 NJ 54 to NJ 73 :
6|ACE_06 NJ 73 to CO 536 SPUR
& 7|ACE 07 C0 536 SPUR to NJ 42
UL,
/ / 4
Gloucester MJ Atlantic N Q\

Cumbetand NJ

Figure 50: Roadway Segments on Atlantic City Expressway
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/ Suzsen M // ,“3
Section |section id Section{From-To)
111287 01 195 to US 1
2|1287 _02 US 1to NJ 27 ) i
3|1287 _03 NJ 27 to NJ 28 Passalchl) ™~
41287 04 NJ 28 to US 22 14
5|1287 05 UsS 22 to US 206202 Bergen N
- 6(1287 06 US 206/202 to 1 78
71287 _07 178 to US 206/202 !
81287 _08 US 206/202 to NJ 124 ‘
91287 09 NJ 124 to NJ 10 F
1011287 10 NJ 10 to | 80
11]1287 _11 180 to US 46 ‘f:)
12]1287 _12 US 46 to US 202
13]1287 _13 US 202 to NJ 23
: 1411287 14 NJ 23 to US 202 (2nd) o
1511287 _15 US 202 (2nd) to NJ 17 -~
1611287 _16 MJ 17 to State Boundary
Varren M. Mortis M oy o
T -
)
Ezzen M
Hu
Hunterdon K.J
Somerset N €
5
% 2
} < 1
Ea o

Figure 51: Roadway Segments on Interstate 287
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Mercer kJ

Section |section_id Section(From-To) o
111295 01 Delaware River to US 130/N.J 49
21295 02 US 130/NJ 49 to US 130
3[1295_03 US 130to | 76
4(1295_04 176 to NJ 73
5(1295_05 NJ 73 to NJ 38
6(1295_06 NJ 38 to US 130
7|1295 07 US 130 to | 195
8[1295_08 1195 to US 1
91295 09 US 1 to US 206

10]1295_10 US 206 to NJ 31
11]1295_11 MJ 31 to Delaware River

Burington M.J

Camdlen b

Gloucester MJ

1

Salem M

/ Aflartic hJ

Figure 52: Roadway Segments for Interstate 295

hidartis bl

Section |section_id Section(From-To)
1/178_01 Delaware River to NJ 31
2|I78_02 NJ 31 to 1287
3|178_03 1287 to CO 525
4/178_04 CO 526 to NJ 24
6|I78_06 NJ 24 to NJ 27
6|I78_06 NJ 27 to US 189 I
7|I78_07 US189 to | 95
8|I78_08 195 ot NJ 139

A Union MJ

—_—

Figure 53: Roadway Segments for Interstate 78
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Section |section_id Section{From-To)
1]180_01 Delaware River to US 46
2|I180_02 US 46 to US 46
3|150_03 US 46 to US 206
4|180_04 US 206 to NJ 15
5|180_05 NJ 16 to | 287
6|150_06 1287 to | 280
7|I80_07 1280 to CO 613
8|180_08 CO 613 to NJ 23
9|150_09 NJ 23 to NJ 20
10180 _10 NJ 20 to Garden State Pkwy
11]180_11 Garden State Pkwy to NJ 17
12]180_12 NJ 17 to New Jersey Tumpike Bergen NJ

Warren M.

PassaicMJ
: b 2 3 2 77
ordsy > i A
£

Figure 54: Roadway Segments for Interstate 80

Marks M.
enhd Essex MJ
//\ Union K.
Section |section_id Section{From-To}
1|NJ31_01 US 206 to CO 622
2(NJ31_02 COB622 to 95 |-
3|NJ31_03 195 to CO 518
4(NJ31_04 CO518 to COST9 /_}
5|NJ31_05 CO 575 to US 202
6 (NJ31_06 Us202to |78
TINJ31_07 178 to NJ 57
8(NJ31_08 NJ 57 to US 46
Hurterdon MJ Somersst M
Micclleszx )
n
[
i te
Monmauth M
Mercar M

.}

-

Figure 55: Roadway Segments for NJ 31
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-—

12

2
Gloucester MJ
1R
=]
C
Cumberand M

Camden MJ

Budington

Section  [section_id Section From-Ta)
AW 47 01 Atlantic Ave [beg)io GEF
2|HJ47 02 G5Pto MJ 83
2|HJ47 03 HJ 23 to M1 347
AlHJ 47 04 M 347 to N 55
A|WJAT 05 MJ 55 to MJ 43
E|WJ47 _0F MJ 43 to NI 55
7|HJ47 07 H.J 55 to HJ 5B
2|HJ47 08 HJ 56 to US 40
[HJ 47 03 LS 40 to LS 322
10{HJAT 10 U5 322 to MJ 55
14N 11 M) 55 to Mew Jersey Turnpike
12|MJ47 12 Mew Je rsey Turnpike to 1293
13 [HJA7 13 1295 ta US 130
lantic: M.J
o
By
ol
lb
Cfie hay M
¥
7

Figure 56: Roadway Segments for NJ 47
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Camden M. /
Gloucaster NJ /

Salem M)

section_id Section{From-To)
NJ49_01 1295/US 40 to NJ 45
NJ49_02 NJ 45 to NJ 77
NJ49_03 NJ 77 to NJ 47
NJ49_04 NJ 47 to NJ 50

Atlantic M J

AN

3

Cumbetiand kL 4

Cape MayNJ

Figure 57: Roadway Segments for NJ 49

Camden M Budington FJ

o
Section |[section_id Section{From-To)
ster M 1[NJ55_01 NJ 47 to NJ 49
2|NJ55_02 NJ 49 to NJ 47
3|NJ5S5_03 NJ 47 to NJ 56
& 4|NJ55_04 NJ 56 to US 40
5|NJ55_05 US 40 to US 322
6|NJ55_06 US 322 to NJ 47
7 |NJ55_07 NJ 47 to NJ 42

/ Alaritic M i

v S

Cumbedand ki)
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1.

Monm outh 1)

Section  |section _id Section({From-To)
1|US206_01 US 30to CO 541
2|Us206_02 CO 511 to NJ 70
3|Us206_03 N.J 70to NJ 38
4 (US206 D4 M. 38 to New Jersey Turnpike
& [US206_D05 Mew Jersey Tumpike to US 130

‘ Budington k.

Camden MNJ

sloucester M

H
Figure 59a: Roadway Segments for US 206: Sections 1to 5
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12

N Section |section_id

Section{From-To)

Us206_06

US130to 1195

Us206_07

1195 to NJ 128

10

Us206_08

NJ 128 to US 1

Us206_09

US 1 to US 206 (sh)

Us206_10

US 206 {sbh) to NJ 31

e E=d R e )

=l

Us206_11

NJ 31 to US 1

Mercer M

Buringtan M.

Figure 59b: Roadway Segments for US 206: Sections 6 to 11
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Somerset MJ
Hurterdon k.
-
[
T Section |section_id Section(From-Toj
12|US5206 12 US 1 to US 206 (sk)
13|US5206 13 US 206 (sh) to 1 295
14|US5206_14 1295 to NJ 27
15|U5206_15 NJ 27 to U5 202
b /
N
Mercar b
- Middlesax M Monmouth Mouth MJ
-

P
Q)

Figure 59c: Roadway Segments for US 206: Sections 12 to 15
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*F
™

Sussex

ig
________________ /@Pamcm e
t'w}‘ iSection  |section id Section(F rom-To)
2 | 16|US206_16 US 20210 CO 625 M

| 17|US206 17 CO 62510 | 80
i 18|US206_18 | 80 to N.J 183
| 19)1US206_19 |NJ 183 t0 CO 611
i 20|Us5206_20 C0O 611 to H.J 94
| 210520621 NJ 94 to NJ 94
22|Us206_22 [MJ 9410 NI 15
| 23|Us206 23 |HJ 15t0 CO 560
] 24|U5206_24 |CO 560 to CO 521

MarrisMJ

5

Somerset MJ

/ Uricn /!\/
.

Figure 59d: Roadway Segments for US 206: Sections 16 to 24

terdan M.J
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Cape May MJ

Section{From-To)

Boardwalk to N.J 109

NJ 109 to NJ 47

[NJ47to NS 147

EAX 1jusa_o1
Cape May MJ = 2|usoe_02
3|Us0_03
4jusa o4

[Nd 147 to Ha 83

Figure 60a: Roadway Segments for US 9: Sections 1 to 4
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Burington M.J

Coean MJ
Camden kJ

loucester MJ

Aflantic MJ

section_id [Section{From-To)
Us9_05 [NJ 83 to HJ 50
Us9 06 NJ 50 to Harbor Rd
Us9 07 Harbor Rd to NJ 52
Us9 08 NJ 52 to US 40
us9 09 US 40to US 30
Us9 10 US 30 to Great Creek Rd
us9 11 Great Creek Rd to Garden State Pkwy
us9_12 Garden State Pkwyto NJ72

us9_13 NJ 72 to CO 618 (Central Pkwy)

Zumbedand MJ

FigTJr 60b: Roadway Segments for US 9: Sections 5 to 13
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™

&

Somersst MJ

Hurterdon MJ

Midcdlesex M 53

N

Mercer MJ

iSection  [section_id Section{From-To}
| 14/US9 14 CO 618 (Central Pkwy) to H.J 166
E 15/U%59 15 N.J 166 to G arden State Pk
| 16/US9 16 Garden State PKWY to N.J 70
E 17(Us9 17 NJ 70to HJ 88
| 18/U59 18 H.J 88to | 195
: 19159 19 1195t0 W 33
| 20|Us9 20 HJ 33to HJ 33B
T 21|Us9 2 NJ 338 to H.J 18
| 22|Us9 22 NJ 18t0 HJ 34
: 23|Us9 23 HJ 31 to HJ 35 -
| 24|U59 24 HJ 35t0 NJ 440 =4
: 25|U59 25 NJ 440to NJ 184
"j 26|US9 26 NJ 184 to US 1 i
Oczan M
Budington i.J
T

Figure 60c: Roadway Segments for US 9: Sections 14-26
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Somerast MJ

Hurterdon MJ

Middlesex b
-
[y

Section  |section _id |SectiongF rom-To)

1|US130_01 | 20510 US 322

2|Us130_02 US 322to NJ 44

3|us130_03 NJ 4410 1295 Mercer N.J
4|US130_04 | 20510 | 76

5|US130_05 | 76 to | 676

6|US130_06 | 676to CO 729 (Richey Ave)
7US130_07 M.J 70 to N.J 90

8|US130_08 M.J 90to HJ 73

9|US130_09 N.J 73 to New Jersey Turnpike
10|US130_10 Mew Jersey Turnpike to | 295
11|US130_11 | 20510 US 206 SB
12|US130_12 US 206 SB to | 195
13|US130_13 | 19510 NJ 33
14|US130_14 MJ 33to NJ 32
15|US130_15 HJ 32to US 1

Salem M

Burington M.J

Camden MJ

Gloucester M.J

Figure 61: Roadway Segments for US 130
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X
Section |section id Section(From-To) s

1Us1_01 (Delaware River) NJ 29 to US 206

2/Us1 02 US 206 to NJ 129 A
3Us1 03 NJ 129 to Perry St

4/Us1_04 Perry St to | 295 !

5/US1_05 1295 to US 130 %
6/US1_06 US 130 to NJ 18

7Us1 07 NJ 18 to | 287

8/Us1_08 1287 to Garden State Parkway

Furterdon 1

hiddlesex M)

Mercer M

kanmadth M.

62a: Roadway Segments for US 1: Sections 1 to 8
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Pazzaich)

Bergen rlJ ,33
Morriz b
E s M
&
Hudzon N.J 5
AT
Section sectionid Section{From-To}
2 9|Us1_09 Garden State Parkway to US 9
#tHJ Unien ~ 10]US1_10 US 9 to NJ 35
v o 1[us1_n NJ 35 to 1278
12|US1_12 1278 to NJ 439
13|US1_13 NJ 43910178
14|US1_14 178to 195
15|US1_15 195 to US 189
16]US1_16 US 189 to NJ 3
17|US1_17 NJ 3to US 46
18|US1_18 US 46 to | 95

iddlessx My

@

62b: Roadway Segments for US 1: Sections 9 to 18
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Gloucester MJ

Salem hlJ

Mirtic N, #

Cumberand

Section |section_id Section{From-To)

US40_01 NJ 140 to NJ 45

Us40_02 NJ 45 to NJ 77

Usa0_03 NJ 77 to NJ 55

UsS40_04 NJ 55 to NJ 47

US40 05 NJ 47 to CO 555

06 CO 555 to NJ 54

Usa0_07 NJ 54 to NJ 50

US40 _08 NJ 50 to US 322

Us40_09 US 322 to GSP

Usa0_10 GSPto US 9

2|o|w|o|~|o|o &l
c
(7]
B
(=]

=)=

Us40_11 US 9 to Atlantic Ave (end)

Figure 63: Roadway Segments for US 40
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DEVELOPING RELATION BETWEEN TRUCK VOLUMES & ADJACENT
LAND USE

Introduction

Using the truck classification counts from various locations throughout the state
of New Jersey, this task aimed at developing the relationship between truck
traffic volumes on roadways and their adjacent land uses. As there is no single
data source for land use; therefore, arguably by using measures like,
employment, estimated sales volumes and number of establishments in the

vicinity, it is expected to get useful land usage information.

From all around the State, a total of 270 locations were identified and the data
was collected for the vehicle counts from these locations. The analysis areas
were defined by taking a buffer area around each location. The buffers were
initially taken as circles of radii 0.5, 1.0, 2.0, 3.0 and 5.0 miles, but later were
analyzed with buffers as bands along the section of the truck count on the
roadway. The data extracted with the bands was with 0.25, 0.5, 0.75, 1.0, 1.25,
1.5, 2.0, 3.0 and 5.0 miles.

Linear Regression approach is used for the task. Regression analysis is a
statistical method that helps in finding the relationship between predictor
variables and the response variable, so that one variable can be predicted from
the others. It is widely used in practice and is one of the most accepted ways of

analyzing problems dealing with predictions.

In the study here, the task is to predict the volume or flow of the truck traffic given
the predictors. A regression approach would formulate the relationship in a
general sense as given below:

Truck Volume; = a; * number of employees in SIC; + b; * estimated sales

volume in thousands of dollar for the SIC; + ¢; * Number of businesses for SIC;
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Where:
Truck Volume; = is the number of two-way daily truck trips of truck class i
produced in a zone.

a, b, c.. = Coefficients for the independent variables.

Methodology

The first step in the process was to identify those independent variables that
would be capable of estimating truck traffic. Data was collected for available truck
traffic counts throughout the state, roadway types and classifications, and
independent variables used (number of employees, number of establishments
and estimated sales volume for different SICs). Sections were coded for each of
the 270 locations available and a database was created. Once the dataset was
compiled for the study, figure 64 shows a graphical representation of the

methodology developed and adopted.

CREATE SECTIONS
FOR ALL LOCATIONS

+

TAKE INDEPENDENT DATA IN A BAND
FOR 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3
AND 5 MILE RADIUS

'

BEUILD MODELS

Y=a+b*X, + b3 X, +..+ p},ﬁgp

;

PREDICT VOLUMES USING THE MODELS
BEUILT

'

CREATE PROFILES FOR 14 SELECTED
ROADWAYS

!

| SENSITIVITY ANALYSIS |

!

| RESULTS AND CONCLUSIONS |

Figure 64: Methodology
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Linear regression models of the general form shown earlier were developed.
Truck traffic profiles on various roadways of New Jersey were created and a GIS
based approach was developed enabling users to determine total truck volumes,
truck and car percentages, profiles etc at selected locations on the network.
Sensitivity analysis was conducted in the end to determine the sensitivity of
various models with change in the size of the activity area considered for the

analysis.

Input Data
The data collection effort has been separated into two areas: traffic counts for the
dependent data (truck volumes) and the independent variables dataset

(Employee, sales and establishments).

Traffic Counts

A majority of the traffic counts have been obtained through New Jersey
Department of Transportation’s (NJDOT) Bureau of Data Development. The
traffic counts are divided into two categories: long and short duration counts. All
short duration vehicle classification counts compiled for this task were adjusted
using axle correction and pattern factors from the year 2000. A number of
supplemental traffic counts were also collected from toll authorities such as the
New Jersey Turnpike Authority and the Delaware River Joint Bridge Commission
as well as from NJDOT'’s non-classified Automated Traffic Recorder (ATR)

locations.

Independent Dataset

To determine the equation that may predict truck trip generation at a certain
location, some independent variables such as number of employees, estimated

sales volumes and number of establishments under a particular set of SIC Codes
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were first established. A list of all SIC Codes with their broad groupings is given
in table 5 below.
Table 5: SIC Codes with Groups formed

FIELD SIC GROUPING
AGRICULTURE For SIC 01, SIC 02, SIC 07, SIC 08, SIC 09
MINING For SIC 12 through SIC 14
CONSTRUCTION For SIC 15 through SIC 17
MANUFACTURING For SIC 20 through SIC 39
TRANSPORTATION For SIC 40 through SIC 45
UTILITIES For SIC 46 through SIC 49
WHOLESALE TRADE For SIC 50 and SIC 51
RETAIL TRADE For SIC 52 through SIC 59
FINANCE / INSURANCE For SIC 60 through SIC 64
REAL ESTATE For SIC 65, SIC 67, SIC 70
SERVICES For SIC 72 through SIC 87

The ESRI BIS business location data (Environmental Systems Research Institute

Business Information Solutions) is extracted from a comprehensive list of
businesses licensed from InfoUSA. Data items include business name and
location, franchise code, industrial classification code, number of employees, and

sales volume. A database of 243 wholesale distributors for Essex, Hudson, and

Union Counties was acquired from the New Jersey Department of Commerce via
NJDOT. Attribute data included in this dataset include: business name; address
location; SIC industry code; employment; annual sales totals; the nature of the
specific facility (e.g. headquarters, branch, single location); and several other
fields related to the ownership and status of the business. The New Jersey

Business & Industry Association publishes a listing of the Top 100 New Jersey

Employers. This listing, updated in 2002, gives an indication of the number of

employees and the location of the company.

Along with the gathering data on truck volumes by class and independent

dataset, roadway classifications were also factored in the analysis.
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Roadway Information

Roadways are classified under different classifications based on the type of the
roadway, lane width, traffic, the purpose it serves etc. Much of the roadway
information was obtained by the NJDOT Statewide Truck Model, NJDOT — New
Jersey Congestion Management System, NJDOT National and Access Network,
NJDOT 2002 New Jersey Straight Line Diagrams, etc. A classification chart of

different roadways is given in Table 6 below.

Table 6: Roadway Classification

Roadway Classification Name
1 Rural Interstates
2 Rural Other Principal Arterials
6 Rural Minor Arterials
7 Rural Major Collectors
8 Rural Minor Collectors
9 Rural Local
11 Urban Interstates
12 Urban Other Freeways and Expressways
14 Urban Other Principal Arterials
16 Urban Minor Arterials
17 Urban Collectors
19 Urban Locals

After the data was collected for the traffic counts, independent variables selected,
and roadways classified, final dataset was compiled for the analysis. A snapshot

from the database is shown below in figure 65.
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Figure 595: Snapshot of the Database

Statistical Analysis

We had a large number of possible explanatory variables in our dataset, (33

independent variables in-all) and thus STEPWISE regression approach was used

to get the best possible set of independent variables that may play a significant

role for each model.

Multivariate Regression Analysis is used as a method to generate linear
regression models that may provide the best predictive power. The purpose of
Multivariate Regression aims in determining the effect of K independent

variables, on a dependent variable, Y. The relationship between the dependent

and the independent variables is assumed to be linear and subject to an additive

random disturbance, r; There are some assumptions which are made when using

this Multivariate Regression Method that cannot be ignored. These assumptions

are:
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| 1 [LOCATION MILEPOST TYPE FC LENGTH TOTAL TRUCKS CARS EMP_AGRICU EMP_MINING EMP_CONSTR EMP_MANUF A EMP_TRANSP EMP_UTILIT EMP_WHOLES EMP_RETAIL
| 2 |1287 4650 AYC 11 04972 68814 14310 54504 10 [ 172 810 289 22 292 124
| 2 |1287 55.35 AYC 11 0.09704 29691 5334 24357 80 [ 308 284 14 12 316 823
| 4 |1287 59.30 AYC 11 013213 28404 4179 24225 60 0 106 567 2m 58 340 394
| 5 |1287 670 WIM | 11 013213 54240 7482 46758 60 0 106 567 2m 58 340 394
| & |1287 67.10 AYC 11 0.00610 84333 14093 70239 0 0 0 0 0 0 [ 0
| 7 |1287 370 WIM | 1 0.23085 94154 9276 84878 27 0 56 21 4 6422 47 1254
| & 178 .50 WIM | 1 032213 75699 11204 64495 9 0 a0 308 24 103 129 1315
ERGE 26.90 AYC 1 0.24563 48641 7184 457 2 0 57 250 263 10 215 586
|10 |78 33.90 AYC 1 033617 39332 3647 35685 24 0 36 3 3 845 56 3
|1 178 4420 AYC 11 0.33617 45638 3066 42572 24 0 36 3 3 845 56 3
|12 |178 53.70 AYC 11 013267 148597 20236 128361 59 8 272 3607 699 360 1516 1578
| 12 |180 66.20 WIM 11 0.05985 163024 7906 155118 3 3 214 1902 206 663 1407 1258
| 14 [1g0 3240 WIM 11 012796 107167 7928 99239 51 0 94 279 38 3 64 219
[15 |180 58.60 AYC 11 012206 122017 38518 83499 10 5 443 3784 589 nz 1056 1628
|15 |Ma3 0.56 AYC 14 0.02884 8080 223 7857 3 0 54 206 3 87 229 M7
|17 | Ma3 4040 WIM 2 017548 19093 1161 17932 38 12 a 152 180 17 196 581
AL 44.00 AYC 2 0.09585 13130 1728 1402 0 0 77 4#%7 58 0 [ 296
| 13 | MJ47 2.50 AYC 2| 005277 11410 M7 nze2 5 0 49 16 54 4 21 1276
| 20 | MJ47 43.00 AYC 16 0.05933 22662 395 22267 10 0 27 o 4 19 122 2998
[ 21 |US130 340 VIM 16 020191 12641 156 12485 1 [1] 128 632 135 128 220 569
| 22 |us130 S57.00 WIM 14 0.09278 24140 1096 23044 5 0 30 316 0 21 120 615
| 23 |us130 7.00 WIM | 6 020123 3103 1266 29837 126 0 305 1557 126 18 846 1528
| 24 |us1 47.20 AYC 12 0.09439 76775 7124 69651 0 0 248 1969 10805 129 344 2254
| 25 |us1 50.50 AYC 12 0.04583 101918 19740 82177 12 0 250 1919 1257 35 1657 270
| 26 |us1 18.00 WIM | 14 0.30267 52575 2234 50341 27 0 1154 3541 217 670 753 7HE
[ 27 |US206 47.05 AYC 14 0.09806 13537 515 13022 [} [1] 36 87 17 21 3 621
| 28 |us206 2200 WIM | 2 0.08431 13484 848 12636 0 0 39 27 10 1 33 105
| 29 |us206 39.60 AYC M 0.05732 12716 180 12536 2 0 167 200 105 51 106 137
| 30 |us40 3.00 WIM | 2| D.4820 12922 1038 11884 36 0 0 0 0 0 25 240
| 31 |us40 61.60 AYC 14 009015 15753 154 15599 2 0 a 197 91 12 100 1070
| 32 |us40 2450 AYC 2 016570 10239 1202 9038 37 0 [ 26 13 5 12 366
[ 33 |US9 11180 WIM 14 008933 54532 886 53646 34 [1] 214 140 80 102 155 131
| 34 |uss 15.50 AYC 6 014307 9825 184 9641 21 0 2 51 59 93 8 667
| 35 |uss 40.20 AYC 4 0.04557 15634 218 15416 1 0 257 1] 361 33 177 1229
| 36 |us1 1.65 A¥YC | 12 0.09008 33251 1441 3209 1 0 208 2217 85 55 473 1302
| 37 |us1 4.40 AYC | 12| 0.09008 19693 1652 18041 1 0 208 2217 85 55 473 1302
| 38 |us1 1.30 A¥YC | 14 0.00639 53862 6807 47055 0 0 5 916 106 10 53 175
| 39 |MJ3 7.95 AYC M| 01475 22425 1998 20427 59 0 86 169 22 F 12 462
| 40 |Ma3 1410 AYC | 2 0.03833 20155 2012 18143 19 0 30 3 2 0 9 29
ERCTEN 13.00 WIM | 2 0.02908 14715 1247 13468 2 0 24 20 0 0 [ 22
| 42 |us206 9.80 A¥YC 2 01915 5217 363 4854 58 0 39 20 53 0 44 152




1. The relationship between Y and X through X is linear. (X are the
independent variables and Y is the dependent variable)

2. All of the relevant independent variables are included in the model.

3. All of the included independent variables are relevant (i.e., have a true
effect on Y).

4. The independent variables are known with certainty. In other words, there

is no measurement error in our observations of X4 through X.

There are two modes of operation for any stepwise regression:

Forward Selection: In forward selection, it selects the most significant variable to

enter the model, and keeps adding until no more variables are selected. Finally

we are then left with a regression equation.

Backward Elimination: In Backward elimination, it starts with all the variables in

the regression equation, then removes them one by one if they are not
significant. When all the variables remaining are significant, a regression

equation is formed.

The forward selection mode of operation is used for the analysis here.

Vehicles are classified into 13 different classes by the FHWA. Based on the
meeting and discussion with NJDOT in Auqust 2003, it was decided that Class 5

will be considered as Small/Medium truck, and Class 6-13 will be considered as

Heavy Trucks.

Based on the functional classes for each roadway and after performing some
preliminary studies on the data, three alternate groups of roadways were formed:
Alternative I:

FC 1,2 = rural interstate and major arterials

FC 6, 7, 8, 9 = rural minor arterials, collectors, and local

FC 11 = urban interstate

124



FC 12 = urban expressways and parkways

FC 14 = urban major arterials

FC 16, 17, 19 = urban minor arterials, collectors, and local
Alternative II:

FC1,2,6,7,8,9 = rural roadways

FC 11,12, 14, 16, 17, 19 = urban roadways
Alternative llI:

FC 1, 11 = Interstate

FC 2, 12, 14 = State

FC=6,7,8,9, 16, 17, 19 = Local

The best alternative among the three alternatives was to be used for the final
Model building.

Analysis

SAS, the statistical package has been used throughout the project to perform the
statistical analysis and help in building mathematical models for truck trip

generation.

To judge how well a model fits and how successful the fit is, in explaining the
variation of the data, R-square value is considered as a standard tool. R-square
can be defined as the square of the correlation between the response values and
the predicted response values. It is the ratio of the sum of squares of the
regression (SSR) and the total sum of squares (SST). It is also called the square
of the multiple correlation coefficient or the coefficient of multiple determination.
R-square can take on any value between 0 and 1, with a value closer to 1

indicating a better fit.
Table 7 below shows the R-square values for all the models built. The models

were separately built for small trucks, heavy trucks and all trucks with the three

different roadway alternatives.
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Table 7: Multivariate Analysis: R-square values for the Models

Roads All Trucks | Medium Trucks |[Heavy Trucks
(Class 5-13) (Class 5) (Class 6 -13)

Alternate |
Expressways 0.97 - 0.88
Rural Interstate 0.53 0.59 0.51
Rural Minor 0.8 0.81 0.77
Urban Interstate 0.8 0.58 0.87
Urban Major - 0.03 -
Urban Minor 0.35 0.26 0.43
Alternate Il
Rural ways - 0.12 -
Urban ways 0.33 0.14 0.49
Alternate lll
Interstates 0.73 0.58 0.81
States 0.28 - 0.36
Locals 0.33 0.34 0.34

Findings/ Conclusions

1. Grouping | of roadway classes works best and therefore from now on only
alternative | will be used.

2. The best Model are found with ‘All trucks.’

3. Medium trucks are not seen significantly on Expressways. Heavy trucks
accounts more most of the traffic on Expressways.

4. Rural minor roadways contain mostly the local traffic and thus the model is
found to have good predictive power to estimate the volume of light/small

truck traffic.

REVISION OF THE MODELS - 1|
NEW DATASET AND ADDITION OF POPULATION AS ONE OF THE
INDEPENDENT VARIABLE (SEPTEMBER 2003)

In the quarterly meeting with NJDOT in August 2003, it was found that the

dataset that we were using had the axle adjustments made and only seasonal

adjustments were required in the dataset. Also, ‘population’ as one of the
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independent variable was discussed and asked to test. Thus, regression analysis
was rerun in September 2003, with ‘Population’ was added to the existing 33
independent variables. The same roadway classification as used earlier was

carried.

Summary Of All Models Tested

Here some transformations were also performed on the dataset so as to get the
best fit. Often it happens that a theoretical relationship is expected to exist
between the measured quantities and it is not found to be a simple function
between them. Under such instances a transformation of the dataset is
recommended and IS seen to work the best. Example, in the log transformation,
logarithm of the concentration gives a straight-line function. Instead of fitting the

raw concentration values, we fit the logarithms of the values.

Log transformations are generally carried to get better fits for the model equation.
In log transformation, natural logs of the values of the variable are used in the
analysis, rather than the original raw values. Log transformation works well for
the datasets where the residuals get bigger for bigger values of the dependent
variable. In other words, log transformation works well when two groups have
positively (right) skewed distribution and when the group with the larger center

also has a large spread.

If the dependent variable represents a count (e.g., the number of trucks) or a
proportion, analysis becomes a challenge. The problem that comes is of possibly
violating one or more of the assumptions we make when calculating confidence
limits or the p value. When the lines or curves are fitted, there is always a worry
about the non-uniformity of residuals. With counts, this worry becomes
prominent, because the variation in a given count from sample to sample
depends on how big the count is. One way to deal with non-uniform residuals is
to transform the variable. Log transformation is one answer to this but incase

where the upper bound of the count is not close to us, a Square root
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transformation, i.e. just using the square root of the counts in the usual analyses,

is worked out.

Table 8 below shows the R-square values under each of the models built and

tested.
Table 8: R-square Values for all the Models Built
Roads All Trucks Medium Trucks Heavy Trucks
(Class 5_13) (Class 5) (Class 6_13)

Alternate | Original | Log Sq. |Original| Log Sq. |Original| Log Sq.

Root Root Root
Rural 0.78 0.43 0.85 0.62 0.78 0.7
Interstate 0.81 0.47 0.75
Rural Minor 0.84 0.26 0.64 0.83 0.27 0.63 0.83 0.24 0.57
Urban 0.84 0.81 0.64 0.58 0.92 0.79
Interstate 0.75 0.54 0.77
Expressways 0.97 0.54 0.67 - - - 0.91 0.61 0.96
Urban Major - 0.2 - 0.04 0.35 0.1 - 0.08
Urban Minor 0.42 0.53 0.43 0.28 0.51 0.39 0.46 0.28 0.4
Alternate Il
Rural ways 0.4 0.16 0.25 0.31 0.25 0.26 0.39 0.13 0.31
Urban ways 0.43 0.24 0.3 0.15 0.14 0.17 0.49 0.24 0.33
Alternate Il
Interstates 0.89 0.74 0.71 0.64 0.53 0.57 0.95 0.56 0.86
States 0.35 0.26 0.33 - 0.02 - 0.44 0.26 0.37
Locals 0.36 0.29 0.27 0.4 0.34 0.38 0.33 0.09 0.23

Findings/ Conclusions

e Roadway Alternative | is more promising than Alternatives Il and .

e Models built on Original dataset perform better than when used with

log or square root transformations.

e Population does not enter in most of the models and where it does, it

either has a ‘negative’ sign before it, i.e. indicating a reverse effect on

truck volumes or has a very ‘small coefficient’, indicating its very less

power for prediction. (See in the end, the models are given)
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REVISION OF THE MODELS - Il
DATASET FROM SEPTEMBER '03 AND REMOVAL OF POPULATION AS ONE
OF THE INDEPENDENT VARIABLE (DECEMBER 2003)

The models were rerun again in December 2003, when Population was not found
to be significant in predicting the truck volumes. The same roadway classification
and groupings were used, as undertaken earlier. Models were built with circular
buffer areas around the locations for 0.5, 1.0, 2.0, 5.0 and 10.0-mile radius. The
models from 1-mile buffer area were considered as the base data and other radii

were used for the sensitivity analysis.

After the models were built and tested, at a few locations the linear regression
showed some negative values for the truck counts and thus to overcome this

difficulty, constrained models were built and a set of new models were created.

CONSTRAINED LINEAR OPTIMIZATION

Some of the linear regression models experienced: a) negative or extremely high
predictions, b) a negative sign on variables that have been known to have a
positive effect on truck volumes, and c) non-existence of models. Following

difficulties have been shown graphically in the figure 66.
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Figure 606: Negativity or Extremely High Predictions

On an effort to further improve the Ordinary Least Square (OLS) models and
based on the idea of establishing constraints on coefficients (Normal and
Bayesian Linear regression models with linear inequality constraints arise very
commonly in the literature), the use of a constrained least squares (CLS)

formulation was introduced.

The algorithm (from now on referred as CLSO) uses an objective function that
minimizes the sum of squares and at the same time adds constraints, not only to
the values of the coefficients, but also to the values of the predicted variables
(2.6).

min 15x,,0,-1" | @)

st: X, b; <d, (2.6a)

X“i;b; =d*i(2.6b)
Ib<b, <ub(2.6c)
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In equation 2.6, Ib and ub are the lower and upper bound vectors for the values
of the coefficients (b;), and d; and d°% are the upper and equality bound for the

predicted truck volumes.

The above constraints provide a better control over the logic of the model
formulation. From the engineering point of view the first constraint (2.6a)
captures the range of the expectation for the observed truck volumes. This way
the model takes into account the uncertainty and accuracy that exists on the
measurement of each station. The third constraint (2.6c) can be considered as a
weighting factor of the decision variables. If a priori knowledge for a variable’s
positive effect is present, we can constraint that variables’ beta coefficient to
positive values and vice versa. This is especially important since the coefficients
are affected by outliers and may enter the model with incorrect size and sign.
Outliers can seriously bias the results by "pulling" or "pushing" the regression line
in a particular direction, thereby leading to biased regression coefficients. The
second constraint (equality constraint) should be used with caution and only

when the observed value of the truck volume is known with absolute certainty.

The mathematical constraints are based on the data and the engineers’
experience with the study area. We should note that the model goodness of fit is
still based on the R? value and if no constraints are used the prediction

corresponds to the least squares regression solution.

When the problem has only upper and lower bounds, i.e. no linear inequalities or
equalities are specified, and the matrix X has at least as many rows as columns,
the default algorithm uses a large-scale optimization method, is a subspace trust-
region method based on the interior-reflective Newton method @_When linear
inequalities or equalities are given the solution takes the form of a medium scale
optimization, which uses an active set method similar to that described in Gill, et
al. 1981.
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We applied the optimization algorithm to the 6 subsets (Alternative |) for each
radius. As mentioned before, CLSO offers the advantage of controlling the values
of the predictions, in terms of size* and sign, for both the coefficients and the
predicted variables. The constraint formulation, implemented in this study, is

given in equations 4.1 and 4.2.

025%Y,, <X, b <125%Y,, (4.1)
0<b, (4.2)

The first equation (4.1) constraints the estimated truck volume range (on the
learn dataset) in an interval of 25% to 115% of the observed value. The range of
the predicted truck volumes does not need to be constant for all the stations. It
can vary with the functional class of the roadway, the observed count type and
location. The limitation in constraint 4.1 is that for relatively small learn datasets,
and strict lower bounds of the interval the solution may be infeasible A pseudo-
increase of the data, similar to the bootstrap technique (13 was performed for all
the subsets and the results showed that the lower interval bound is positively
correlated to the amount of data. In our study a trial-error method was used in

order to determine the lower bound for a feasible solution to exist.

The second constraint incorporates our belief that the each of the predictive
variables used in the model have a positive effect on truck volumes. Mean
Coefficient Regression was performed for each dataset in order to test this
assumption. The results showed positive correlation between predictors and
predicted variables in isolation. This constraint was used because due to the
small amount of data, one or two outliers were enough to enter a variable into the
model with an incorrect sign (which was the case with linear regression). Equality
constraints where not used since the accuracy of the observed counts cannot be

known with absolute certainty.

4 Corresponding to the functional class of the highway and the geographical location of the count the constraints on the
min and max value of the expected traffic volumes can vary so that the models account for space variations.
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SENSITIVITY ANALYSIS

Sensitivity analysis was performed to determine how “sensitive” a model is with
respect to the size of the activity area considered in the analysis. In addition to

the one-mile base case, a 0.5, 2, 5, and 10 mile buffer area was used. The

models from these different radii are:

Sensitivity Analysis Using Linear Regression

Table 9: Sensitivity Analysis (Regression)

Radius Mile > 2 1 2 5 10

Rural Interstate 0.45 0.74 0.24 0.51 0.22
Rural Minor 0.91 0.80 0.83 0.68 0.81
Urban Interstate 0.92 0.83 0.96 0.48 0.17
Expressways 0.58 0.97 0.92 0.84 0.59
Urban Major - - 0.03 0.03 0.03
Urban Minor 0.51 0.42 0.51 0.36 0.13

The resulting R-square values of the new models are also shown in the figure 67

below.
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Figure 67: Sensitivity Analysis (Simple Regression Models)
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Sensitivity Analysis Using CLSO

The models created by this approach have been tabulated below:

Table 10: Sensitivity Analysis (Optimization)

Radius Mile > A 1 2 5 10
Rural Interstate 0.67 0.75 0.40 0.34 0.30
Rural Minor 0.71 0.88 0.50 0.51 0.32
Urban Interstate 0.51 0.68 0.62 0.45 0.28
Expressways 0.81 0.58 0.80 0.61 0.67
Urban Major 0.48 0.28 0.21 0.20 0.17
Urban Minor 0.65 0.44 0.39 0.28 0.23
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Figure 68: Sensitivity Analysis (CLSO Model)

Both figure 67 and 68 show that the models are sensitive to the area considered
in the analysis. A general trend is that for lower level roads a small buffer area
seems to work better, whereas for higher-level roads (interstates, expressways)
a larger radius performs better. A very large radius negatively affects the models,
a result that is expected, since activity in such a large area generates traffic that
is distributed over several roadways and is not necessarily part of the traffic in

the specific roadway segment under consideration.

The figure shows that the models are sensitive to the area considered in the

analysis. A general trend is that for lower level roads a small buffer area seems
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to work better, whereas for higher-level roads (interstates, expressways) a larger
radius performs better. A very large radius negatively affects the models, a result
that is expected, since activity in such a large area generates traffic that is
distributed over several roadways and is not necessarily part of the traffic in the

specific roadway segment under consideration.

REVISION OF THE MODELS - il
NEW DATASET CREATED IN APRIL 2004 with buffer as BANDS ALONG THE
SECTION OF THE COUNT

With a meeting with NJDOT in April 2004, it was concluded that Trucks would

only be considered between Classes 6 through Class 13. FHWA Vehicle class 5

should be taken out of the analysis for truck volumes and flows.

Analysis was carried over and first the models were rerun with circular buffer
radius with truck classes 6 through 13. This yielded the following results with both
the linear regression and the constrained optimization approaches. Table 11, 12
summarizes the results and figure 69, 70 show them graphically.

Table 11: Models from Linear Regression (Circular Bands)

2 1 2 5 10
Rural Interstate 0.46 0.75 0.36 0.49 0.21
Rural Minor 0.57 0.74 0.69 0.37 0.67
Urban Interstate 0.9 0.92 0.98 0.84 0.16
Expressways 0.61 0.91 0.95 0.89 0.66
Urban Major 0.33 - - - -
Urban Minor 0.53 0.46 0.38 0.27 0.25
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Table 12: Models from Optimization Approach (Circles)

Ve 1 2 5 10
Rural Interstate 0.67 0.75 0.40 0.34 0.30
Rural Minor 0.71 0.88 0.50 0.51 0.32
Urban Interstate | (.51 0.68 0.62 0.45 0.28
Expressways 0.81 0.58 0.80 0.61 0.67
Urban Major 0.48 0.28 0.21 0.20 0.17
Urban Minor 0.65 0.44 0.39 0.28 0.23
Sensitivity analysis from linear regression (Circular buffers)
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Figure 69: Sensitivity Analysis from Linear Regression (Circular Buffers)
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Sensitivity analysis from optimization ((Circular buffers)
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Figure 70: Sensitivity Analysis from Optimization (Circles)

Limitations of the circular buffer radii approach

In the beginning of the project (as described in Task Il-1, 1I-2 and 1I-3), it was
believed that a large number of observed truck counts will be available for the
study, which would in-turn allow us for a large number of sections defined on
each of the selected highways. Figure 71 shows the sections defined very close
to each other capturing the maximum variance or the most of the activity and
traffic near the count location. This would give us the best possible
understanding of the truck flow. The buffer areas were taken in circular shapes

around each location and analysis was carried.

Figure 71: Initial Proposed Highway Segmentation
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But later when the data was compiled for the analysis, it was seen that a very

strong visual inspection is required in each of the sections. At most of the

locations, because the points are so close to one another there was a danger of

double counting and overlapping, as shown in figure 72 below.

Predicted Truck Volume
Observed Truck Volume

.< Overlaping Area

™
v

Figure 72: Overlapping and Double Counting

When deciding on the sections, the goal was to have a minimum of one count

per section or per other section. This segmentation format, would allow for the

independent variable dataset to be extracted using a circular buffer area around

each location and the predicted volumes on each section to be uniform.

As explained in task 1.3, the sections were selected based on the: a) Major

Interchanges and Cross routes along the highway and, b) change in the

roadways functional class. Due to limited data (observed truck volumes) most of

the sections were aggregated into larger sections, which resulted in the non-

uniformity of the predicted truck volumes across the section, as shown pictorially

in figure 73. The large length of the section and the use of circular buffer area to

extract information for the independent variables showed the inadequacy of the

data to predict truck traffic for the section. This led to the generation of different

truck volumes at different locations on the same section.
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Figure 73: Implemented Segmentation and Problems of Non-Uniformity

In order to deal with these problems (shown in figure 72 and figure 73), roadway
sections were created for all the 270 locations throughout the state, and buffers
were made in the shape of bands for the sections to extract the independent
data. This approach was found to give uniform truck predictions. The
independent dataset was reproduced using the new buffer shape for different

radiuses. All the statistical analysis performed earlier was reproduced, and new

models were built. The approach is shown in figure 74 below.
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Figure 74: Parallel Band Data Extraction
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Models Built

Each variable in the model: (EMP represents number of employees, SALES
represent estimated sales volume in thousands of dollars and CNT represent
number of businesses. Relevant SIC codes under each business category are

given in table 5 before.)

Table 13: Linear Regression Model (0.25-mile Band Buffer)

RURAL RURAL [URBAN URBAN |URBAN
VARIABLE INTERSTATE [MINOR |INTERSTATE [EXPRESSWAYS [MAJOR [MINOR
Intercept 412.07 75.285 16056.9 2766.2 1501.3 [119.44
EMP_AGRICU [0 2.0101 160.779 0 0 0
EMP_MINING [0 0 0 0 0 0
EMP_CONSTR [0 0 0 70.93 0 0
EMP_MANUFA [0 0 0 0 0 0
EMP_TRANSP 22,538 0 0 0 0 0.77756
EMP UTILIT [0 0 0 0 0 0
EMP_WHOLES [0 0 0 0 3.3976 0
EMP RETAIL [0 0 0 0 0 £0.38504
EMP_FINANC [0 0 0 0 0 0
EMP _REAL E 27.833 0 0 0 0 0
EMP_SERVIC [0 [0.147760 0 0 0
SALES AGRI 0.01075 0.00774 [0 0 0 0
SALES MINI [0 0 0 0 0 0
SALES _CONS [0 0 0 0.35071 0 0
SALES_MANU [0 0 0 0 0 0
SALES TRAN [0 0.0069 0.35868 0 0 0
SALES UTIL [0 0 0 0 0 0
SALES WHOL [0.00585 0 0 0 0 0
SALES RETA [0 0 0 0 0 0.00339
SALES FINA__ [0.1719 0 0 0 0 0
SALES REAL [0 0 0 0 0 0
SALES_SERV |0 0 0 0 0 0
COUNT AGRI [0 0 0 0 0 30.143
COUNT MINI__[0 199.71 [0 [4436.3 0 818.83
COUNT_CONS [-70.668 0 0 0 0 0
COUNT MANU [341.6 0 0 0 0 0
COUNT TRAN -393.35 0 275.82 o 0 0
COUNT UTIL [0 0 0 0 0 0
COUNT_WHOL [0 18.971 [0 0 0 0
COUNT RETA [0 0 0 0 0 0
COUNT FINA |-469.29 0 0 0 (53173 [13.723
COUNT REAL [0 0 0 0 0 4.6643
COUNT_SERV [0 0 0 0 0 0
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Table 14: Linear Regression Model (0.50-mile Band Buffer)

Variable RURAL INTERSTATE RURAL MINOR |URBAN INTERSTATE|URBAN MINOR
Intercept 677.41858 64.44534 9998.64619 122.74233
EMP_AGRICU |0 0 -98.3616 0
EMP_MINING |0 0 0 0
EMP_CONSTR |0 0.72627 108.46415 0
EMP_MANUFA |0 0 0 0
EMP_TRANSP |0 0 0 0
EMP_UTILIT |0 0 -21.29742 0
EMP_WHOLES |0 0 0 0
EMP_RETAIL |0 0 0 0.04621
EMP_FINANC |0 0 6.48943 0
EMP_REAL _E [23.72844 0 0 0
EMP_SERVIC |0 -0.26557 0.95702 -0.05226
SALES_AGRI |0 0 0 0
SALES_MINI |0 0 0 0.03625
SALES CONS [0 0 -0.59021 0
SALES MANU [0 0 0.00722 0
SALES TRAN [0.22729 0 0 0.00391
SALES UTIL  |0.00697 0 0 0
SALES WHOL |0 0 0 0
SALES RETA [0 0 0 0
SALES _FINA |0.05266 0 -0.03719 -0.00184
SALES REAL [0 0 0 0
SALES_SERV [0 0 0 0
COUNT_AGRI |0 0 0 0
COUNT_MINI |0 0 0 0
COUNT_CONS |0 0 0 -3.76842
COUNT_MANU |0 13.27176 0 0
COUNT_TRAN |0 0 0 0
COUNT_UTIL  |-294.21526 0 0 0
COUNT_WHOL |0 17.42393 204.20299 0
COUNT_RETA [0 0 0 0
COUNT_FINA [0 0 0 14.00528
COUNT_REAL |-113.79185 0 0 0
COUNT_SERV |0 0 0 0
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Table 15: Linear Regression Model (0.75-mile Band Buffer)

RURAL RURAL URBAN URBAN
Variable INTERSTATE  |[MINOR INTERSTATE |[EXPRESSWAYS|MINOR
Intercept 1007.52175 89.1478 6373.93631 4889.51093 119.35605
EMP_AGRICU |11.25016 0 -33.65549 126.27329 0
EMP_MINING |0 0 0 -500.03564 0
EMP_CONSTR|0 1.10055 0 0 0
EMP_MANUFA|0 0 0 0 0
EMP_TRANSP |0 0 11.35082 0 0
EMP_UTILIT |0 0 -2.78907 0 0
EMP_WHOLES|1.57421 0 0 0 0
EMP_RETAIL |0 0 0 0 0
EMP_FINANC |0 0 0 -1.54792 0
EMP_REAL E |0 0 0 0 0
EMP_SERVIC |0 -0.16732 0 1.15447 -0.01051
SALES_AGRI |0 0 0 0.30846 0
SALES_MINI 0.45686 0 0 1.34266 0.04045
SALES_CONS |-0.06018 0 0 0 0
SALES_MANU |0 0 0 0 0
SALES TRAN |0.23649 0 0 0 0.00371
SALES UTIL |0 0 0 -0.36551 0
SALES WHOL |0 0 0 0 0
SALES RETA |0 0.00063598 |0 -0.01478 0
SALES FINA |0 0 0 0 0
SALES REAL |0 0 0 0 0
SALES_SERV |0 0 0 0 0
COUNT_AGRI |0 0 0 -270.66085 0
COUNT_MINI -1722.14283 0 0 0 -96.03633
COUNT_CONS|-33.32217 -4.717 0 0 0
COUNT_MANU|0 18.09536 0 0 0
COUNT_TRAN |0 0 0 322.21229 0
COUNT_UTIL |314.06741 0 0 977.54881 0
COUNT_WHOL|0 0 0 -119.01833 0
COUNT_RETA |0 0 0 0 0
COUNT_FINA |0 0 0 0 0
COUNT_REAL |0 0 0 0 0
COUNT_SERV |0 0 0 -46.36678 0
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Table 16: Linear Regression Model (1.0-mile Band Buffer)

RURAL RURAL URBAN URBAN
Variable INTERSTATE MINOR INTERSTATE |EXPRESSWAYS MINOR
Intercept 1115.97927 100.97497 5536.76987 3504.75091 124.68764
EMP_AGRICU 0 0 0 0 0
EMP_MINING 0 0 0 0 0
EMP_CONSTR 0 2.70063 0 10.79344 0
EMP_MANUFA 0 0 0 -5.45671 0
EMP_TRANSP 9.97452 0 0 0 0
EMP_UTILIT 1.21507 0 0 -10.95446 0
EMP_WHOLES 2.06582 0 0 0 0
EMP_RETAIL 0 0.14256 0 0 0
EMP_FINANC 0 0 0 0 0
EMP_REAL_E 0 0 0 4.09266 0
EMP_SERVIC 0 0 0 0 -0.01148
SALES_AGRI 0 0 0 0 0
SALES_MINI 0 0 0 0 0.00358
SALES_CONS 0 -0.00531 0 0 0
SALES_MANU 0 0.0003708 0 0.01366 0
SALES_TRAN 0 0 0 0 0.00244
SALES_UTIL 0 0 -0.00833 0 0
SALES_WHOL 0 0 0 0 0
SALES_RETA 0 0 0 0 0
SALES_FINA 0 0 0 0.04464 0
SALES_REAL 0 0 0 0 0
SALES_SERV 0 0 0 0 0
COUNT_AGRI 0 0 0 -202.33934 0
COUNT_MINI -1822.04129 0 0 0 0
COUNT_CONS 0 -5.67561 0 0 0
COUNT_MANU 0 0 0 0 0
COUNT_TRAN 0 0 0 0 0
COUNT_UTIL 0 0 0 0 0
COUNT_WHOL 0 0 0 0 0
COUNT_RETA 0 0 26.49473 0 0
COUNT_FINA -48.52011 0 0 0 0
COUNT_REAL 0 0 -154.98942 0 0
COUNT_SERV 0 0 0 0 0
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Table 17: Linear Regression Model (1.25-mile Band Buffer)

RURAL RURAL URBAN URBAN
Variable INTERSTATE MINOR INTERSTATE |EXPRESSWAYS MINOR
Intercept 609.01398 68.12296 5395.59811 3977.14304 127.15156
EMP_AGRICU -8.64513 0 -30.10316 0 0
EMP_MINING 0 0 0 0 0
EMP_CONSTR 0 1.36729 0 0 0
EMP_MANUFA 0 0 0 -2.13091 0
EMP_TRANSP -10.65603 0 0 0 0
EMP_UTILIT 2.3921 0 0 -13.28775 0
EMP_WHOLES 0 0 0 0 0
EMP_RETAIL 0 0 0 0 0
EMP_FINANC 0 0 0 0 0
EMP_REAL_E 0 0 0 0 0
EMP_SERVIC 0 -0.10104 0 0 -0.01199
SALES_AGRI 0 0 0 0 0
SALES_MINI 0 0 0 0 0.00392
SALES_CONS 0 0 0 0 0
SALES_MANU 0 0 0 0.00544 0
SALES_TRAN 0 0 0 0.00646 0.00202
SALES_UTIL 0 0 -0.01101 0 0
SALES_WHOL 0.01719 0 0 0 0
SALES_RETA 0 0 0 0 0
SALES_FINA 0 0 0 0.03625 0
SALES_REAL 0 0 0 0 0
SALES_SERV -0.0281 0 0.01431 0 0
COUNT_AGRI 0 0 0 0 0
COUNT_MINI -1632.38405 0 0 0 0
COUNT_CONS 63.42934 -4.25745 0 0 0
COUNT_MANU -97.83671 9.73208 0 0 0
COUNT_TRAN 0 0 0 0 0
COUNT_UTIL 0 0 0 0 0
COUNT_WHOL 0 0 0 0 0
COUNT_RETA 0 0.95721 0 0 0
COUNT_FINA 0 0 0 0 0
COUNT_REAL 0 0 -249.584 0 0
COUNT_SERV 0 0 18.48648 0 0
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Table 18: Linear Regression Model (1.5-mile Band Buffer)

RURAL RURAL URBAN URBAN
Variable INTERSTATE MINOR INTERSTATE |EXPRESSWAYS| MINOR
Intercept 1210.00428 62.5775 1452.94185 3782.37225 148.74245
EMP_AGRICU 0 0 0 0 0
EMP_MINING 0 0 0 0 0
EMP_CONSTR 0 1.08923 0 0 0
EMP_MANUFA 0 0 0 0 0
EMP_TRANSP 5.40582 0 2.37898 1.82135 0
EMP_UTILIT 0 0 0 0 0
EMP_WHOLES 0.66494 0 0 0 0
EMP_RETAIL 0 0 -3.13379 0 0
EMP_FINANC 0 0 0 0 0
EMP_REAL_E 0 0 0 0 0
EMP_SERVIC 0 0 0 0 0
SALES_AGRI 0 0 0 -0.01588 0
SALES_MINI 0 0 0 0 0
SALES_CONS 0 0 0 0 0
SALES_MANU 0 0 0.00534 0 0
SALES_TRAN 0 0 0 0 0.00257
SALES_UTIL 0.0025 0 0 -0.09447 0
SALES_WHOL 0 0 0 0 0
SALES_RETA 0 0 0.02681 0 0
SALES_FINA 0 0 0 0 0
SALES_REAL 0 0 -0.14615 0 0
SALES_SERV 0 -0.00095442 0 -0.01192 0
COUNT_AGRI 0 0 0 0 0
COUNT_MINI -1599.17209 0 0 -2173.93273 0
COUNT_CONS 0 -2.82528 0 0 0
COUNT_MANU 0 10.20816 0 0 0
COUNT_TRAN 0 0 0 0 -3.63932
COUNT_UTIL 0 0 0 0 0
COUNT_WHOL 0 0 0 0 0
COUNT_RETA 0 0 0 0 0
COUNT_FINA 0 0 -95.88764 161.34126 0
COUNT_REAL 0 0 109.11752 52.17657 0
COUNT_SERV 0 0 0 0 0
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Table 19: Linear Regression Model (2.0-mile Band Buffer

353.92546| 36.83806 4870.4524 4454.2874| 2200.3076| 129.97699
0 0 0 0 0 0

0 0 139.2295 0 0 0

-4.844| 0.67738 0 0 0 0
1.12963| 0.06279 0 -0.73563 0 0

0 0 1.17897 0 0 0

0 0 -2.06256 0 0 0

0| 0.21473 0 0 0 0

0 -0.17744 0 0 0 0

3.04674 0 0 3.09532 0 0

0 0 0 0 0 0

0 0 0 0 0] -0.00641

0 0 0 0] -0.00631 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0.00151

0.01248 0 0 0 0] -0.00025
0.01221 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0
-0.02465 0 0 0 0 0
107.94812 0 0 0 0 0
-1715.917 0 0 0 0 0
0 -1.32765 0 0 0 0
-93.49774 0 0 0 0 0
0 0 0 0 0 0
-308.3492 0 0 0 0 0
0 0 0 0 0 0
24.47324) 1.45018 0 0 0 0
0 0 0 0 0 0
-10.18679 0 0 0 0 0
0 0 0 0 0 0
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Table 20: Linear Regression Model (3.0-mile Band Buffer)

RURAL URBAN
Variable INTERSTATE |RURAL MINOR| INTERSTATE |EXPRESSWAYS  URBAN MINOR
Intercept 658.90811 -5.95222 5059.1518 7224.266 170.7708
EMP_AGRICU 0 0 0 0 0
EMP_MINING 0 0 0 -148.41924 0
EMP_CONSTR 0 0 3.58619 0 0
EMP_MANUFA 1.56498 0 0 0 0
EMP_TRANSP 0 0 0 0 0
EMP_UTILIT 0 0 0 0 0
EMP_WHOLES 1.59451 -0.07689 0 0 0
EMP_RETAIL 0 0 0 0.9955 0
EMP_FINANC 2.72505 0 0 -11.81964 0.02102
EMP_REAL_E 0 -0.23056 0 1.98463 -0.04648
EMP_SERVIC 0 0 0 -0.90022 0
SALES_AGRI 0 0 0 0 -0.00036
SALES_MINI 0 0 0 0.84527 0
SALES_CONS 0 0.00156 0 0 0
SALES_MANU 0.00331 0 0 0 0
SALES_TRAN 0 0 0 0 0
SALES_UTIL 0 0 0 0.02086 0
SALES_WHOL 0 0.0003693 0 0 0
SALES_RETA 0 0 0 0 0
SALES_FINA 0 0 0 0.05236 0
SALES_REAL 0 0 0 0.15167 0.0003732
SALES_SERV 0 0 0 0 0
COUNT_AGRI 82.31913 0 0 0 0
COUNT_MINI 0 0 0 914.33951 0
COUNT_CONS 0 0 0 71.76977 0
COUNT_MANU -106.9595 0 0 0 0
COUNT_TRAN 53.36999 0 0 0 0
COUNT_UTIL -215.6551 0 0 0 0
COUNT_WHOL 0 0 0 0 0
COUNT_RETA 0 0 0 0 0
COUNT_FINA 0 0 47.76105 -64.2625 0
COUNT_REAL 0 0 -106.323 -296.30756 0
COUNT_SERV 0 0 0 -10.07423 0
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Table 21: Linear Regression Model (5.0-mile Band Buffer)

1333 -56 11348 2844 2429. 167
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0.98 0 0 0
0 0 0 0 0 0

0.54118 0 0 0 0 0
0] -0.02898 0 0 0 0
0 0 0 0 0 0
0 0 0 0.74581 0] 0.02758
0 0 0 0 0 0
0 0 0 0 0 0
0] 0.00037 0 0| -0.00214 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 -0.00232 0 0 0
0] 0.00374 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 -0.00618 0 0 0
0 0 -0.06684 0 0 0
0 0 0.01055 0 0| -0.00006
0 0 -65.30148 0 0 0
0]40.96708 0 -511.76824 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
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
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Summary for all models built:

Table 22: Sensitivity Analysis

Linear Regression Approach)

Radius Mile 11 (0.25| 0.5 [0.75]| 1 [1.25/1.5| 2 3 5
Rural Interstate |0.97/|0.88/0.84|0.79|0.91/0.61|0.96|0.84|0.27
Rural Minor 0.83/0.84|0.81/0.81|0.82|0.75|0.73|0.73|0.63
Urban 0.65(0.92|0.88|0.77|0.82|0.78|0.56|0.54|0.67
Interstate
Expressways |0.46/ 0 |0.99/0.94/0.88|0.97|0.60|0.99|0.64
Urban Major 013/ O 0 0 0 0 |0.03] 0 |0.04
Urban Minor 0.59(0.51|0.37(0.24|0.23|0.21|0.17|0.24|0.23
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Figure 75: Sensitivity Analysis (Linear Regression Approach)

The sensitivity analysis showed that the minor roadways were predicted better

with a smaller radii and higher category roads such as interstates and

expressways comparatively need more radius of length for the explanation of the

traffic on them. Below are the final models build:
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Final Models Built (Linear Regression)

Trucks on Rural Interstate

Y =412.07 + 22.54 (emp_transp) +27.83 (emp_real) + 0.011 (sales_agri) + 0.006
(sales_whol) + 0.172 (sales_fin) —70.67 (cnt_const) + 341.59 (cnt_manu) —
393.34 (cnt_transp) — 469.29 (cnt_fin)

Trucks on Rural Minor
Y =64.445 + 0.726 (emp_const) — 0.265 (emp_serv) + 13.27 (cnt_manu) + 17.43

(cnt_whol)

Trucks on Urban Interstates

Y =9998.6 — 98.36 (emp_agri) + 108.36 (emp_const) — 21.29 (emp_util) + 6.489
(emp_fin) + 0.957 (emp_serv) — 0.59 (sales_const) + 0.007 (sales_manu) —
0.037 (sales_fin) + 204.20 (cnt_whol)

Trucks on Expressways

Y =4889.5 + 126.27(emp_agri) — 500.03(emp_min) — 1.55 (emp_fin) + 1.15
(emp_serv) + 0.31 (sales_agri) + 1.34(sales_min) + 0.36 (sales_util) — 0.015
(sales_reta) — 270.66 (cnt_agri) + 977.55(cnt_util) + 322.21(cnt_trans) —119.01
(cnt_whol) —46.37 (cnt_serv)

Trucks on Urban Major
Y =1501.3 + 3.397 (emp_whol) — 53.17 (cnt_fin)

Trucks on Urban Minor

Y =119.43 + 0.77 (emp_transp) — 0.385(emp_reta) + 0.003 (sales_reta) —
30.14(cnt_agri) + 818.83 (cnt_mini) + 13.72 (cnt_ fin) + 4.664 (cnt_real)
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A few points to note for the above built final models used in the analysis:

1.

The models for higher-level facilities, such as interstates and
expressways, have a substantially higher intercept value compared to
those for lower level facilities. The higher intercept accounts for the
through traffic on these roadways, meaning traffic that does not have its
origin and/or destination within the state or within the proximity but uses
state roadways to move between points of origin and destination. Thus,
the models implicitly account for this ‘overhead truck traffic’. Estimates of
through traffic on major highways were not available at the time of the
project. If such estimates become available in the future, the value of
through traffic could be subtracted from the corresponding observed
counts in their respective highway locations, and the procedure described
above would be used to develop models to estimate locally generated
traffic on higher-level roadway sections. Typically, lower level facilities do
not carry large volumes of through traffic, thus inclusion of through truck

volume estimates would not affect these models.

. Though some of the independent variables showed a negative coefficient

in these simple linear model equations, (which is suspected because of
the nature of the small sample set we have) these models did not give a
negative truck volume on the roadways when finally models were
calibrated. They actually made estimates quite closer to the observed
counts. But, in order to deal with the negativity, in the later part of the

study, a different approach (as explained earlier) was undertaken. This
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new approach ‘Linear Optimization’ built constrained models with model
coefficients as positive.
The models created are not intended to forecast, but are built for strategic
planning of transportation systems. The models can provide authorities
with estimate of truck volumes at the present time. Some of the factors
that do not allow it to work as a forecasting took are:

= Changes and growth in the economy of the region

= Changes in transportation systems

= Diversion of flows to new or expanded facilities

= Diversion of flows across modes due to regulatory actions, pricing

policy, capacity changes, changes in service level

Other than these reasons, the regression model cannot be used as a

forecasting tool because:

1.

In order to develop an Ordinary Least Square (OLS) models for
forecasting, it is necessary to provide future values of each independent
variable. Developing good forecasts for the independent variable may
further require additional model building, extrapolating past trends or
acquiring forecasts from 