Eva
aluatio
on of th
he Effe
ect
of G
Gate Sttrategiies in
Dra
ayage R
Related
Emissions

CF
FIRE
E

CFIR
RE 04-19
9
Marc
ch 2013

National Center for Freight
F
& Infrrastructure Research
R
& Education
Department of Civil and
a Environm
mental Engineering
College of
o Engineering
Universitty of Wisconsin–Madison
n

Authors:
Mei Cao,, Ph.D., Univ
versity of Wisconsin–Superior; Miha
alis M. Goliass, Ph.D., and
d Jeffery Karafa,
The Center for Interm
modal Freigh
ht Transporta
ation Studie
es, The Unive
ersity of Mem
mphis
al Investigattor:
Principa
Mei Cao,, Ph.D.
Transporrtation and Logistics
L
Res
search Centter
Universitty of Wisconsin–Superio
or

1. Report No.

2. Government Accession No.

CFIRE 04-19

3. Recipient’s Catalog No.
CFDA 20.701
5. Report Date March, 2013

4. Title and Subtitle

Evaluation of the Effect of Gate Strategies in Drayage Related Emissions

7. Authors

6. Performing Organization Code

8. Performing Organization Report No.

Mei Cao, Ph.D., University of Wisconsin–Superior; Mihalis M. Golias, Ph.D., and Jeffery
Karafa, the Center for Intermodal Freight Transportation Studies, the University of Memphis

9. Performing Organization Name and Address

10. Work Unit No. (TRAIS)

Center for Freight and Infrastructure Research and Education
University of Wisconsin-Madison
Madison, WI 53706

11. Contract or Grant No.

253K680
13. Type of Report and Period Covered

12. Sponsoring Organization Name and Address

Research and Innovative Technology Administration
United States Department of Transportation
1200 New Jersey Avenue, SE
Washington, DC 20590

Final Report [09/01/10 – 03/31/13]
14. Sponsoring Agency Code

15. Supplementary Notes

Project completed by CFIRE and UW-Superior for RITA

16. Abstract

Intermodal Marine Container Terminals are experiencing growth in container volumes and are under pressure to
develop strategies to accommodate increasing demand. One of the major factors contributing to the problem is
inefficient gate operations that can cause serious safety, congestion, and environmental problems. There is a plethora of
ongoing discussions concerning the implementation of different operational strategies that may relieve the effects of
congestion and improve air quality. This research presents the development of a traffic simulation model capable of
measuring the impact of various gate strategies on congestion at terminal gates. The proposed model is used to quantify
both travel time and delay, and emission levels at terminal gates before and after gate strategies have been implemented.
To our knowledge this is the first attempt, in the published literature, to capture delays and emissions at the gates of
terminals using a traffic simulation model.
17. Key Words

18. Distribution Statement

simulation, drayage, emissions, gate strategy

No restrictions. This report is available through the Transportation Research
Information Services of the National Transportation Library.

19. Security Classification (of this report)

20. Security Classification (of this page)

21. No. Of Pages

22. Price

Unclassified

Unclassified

65

-0-

i

DISCLAIMER
This research was funded by the National Center for Freight and Infrastructure Research
and Education. The contents of this report reflect the views of the authors, who are responsible
for the facts and the accuracy of the information presented herein. This document is disseminated
under the sponsorship of the Department of Transportation, University Transportation Centers
Program, in the interest of information exchange. The U.S. Government assumes no liability for
the contents or use thereof. The contents do not necessarily reflect the official views of the
National Center for Freight and Infrastructure Research and Education, the University of
Wisconsin, the Wisconsin Department of Transportation, or the USDOT’s RITA at the time of
publication.
The United States Government assumes no liability for its contents or use thereof. This
report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers. Trade and
manufacturers names appear in this report only because they are considered essential to the object
of the document.
The contents of this report reflect the views of the authors, who are responsible for the
facts and the accuracy of the information presented herein. The contents do not necessarily reflect
the official views of the University of Wisconsin-Superior, the Intermodal Freight Transportation
Institute, or the University of Memphis.

ii

ACKNOWLEDGEMENTS
This material has been partially supported by the Intermodal Freight Transportation
Institute, University of Memphis. This report would not have been possible without their support.
This report would not have been possible without the support of the following individuals:
Maria Boilé, The State University of New Jersey
Kathy Derick, University of Wisconsin – Superior
Sean Ellis, University of Memphis
William Laventhal, Stevens Institute of Technology
Joel Post, University of Wisconsin – Superior
Richard Stewart, University of Wisconsin – Superior
Sotiris Theofanis, The State University of New Jersey
Greg Waidley, CFIRE, University of Wisconsin
Thomas Wakeman, Stevens Institute of Technology
Qingyu Zhang, Arkansas State University

iii

Table of Contents
ACKNOWLEDGEMENTS.................................................................................................. III
LIST OF TABLES ............................................................................................................... V
LIST OF FIGURES ............................................................................................................. VI
EXECUTIVE SUMMARY .................................................................................................... 1
1. INTRODUCTION ............................................................................................................. 2
1.1 Problem definition ............................................................................................................... 2
1.2 Research objectives ............................................................................................................. 3
2. LITERATURE REVIEW ................................................................................................... 4
2.1 Before-and-after case studies of gate strategies .................................................................. 4
2.2 Simulations of IMCTs ......................................................................................................... 5
3. METHODOLOGY ...................................................................................................................... 7
3.1 Software selection ............................................................................................................... 7
3.2 Physical description of the PNE .......................................................................................... 8
3.3 Physical attributes of the Paramics simulation .................................................................... 8
3.3.1 Vehicle types.............................................................................................................. 8
3.3.2 Origin/destination zone development ...................................................................... 11
3.3.3 Base case development ............................................................................................ 13
3.3.4 Creation of appointment scenarios........................................................................... 26
3.4 Modeling delays at terminal gates ..................................................................................... 31
3.5 OD development................................................................................................................ 32
3.5.1 CPO OD scenario development ............................................................................... 33
3.5.2 Extended hours OD .................................................................................................. 37
3.5.3 Appointment scenario ODs ...................................................................................... 38
3.6 Modeling emissions ........................................................................................................... 39
4. RESULTS .................................................................................................................................. 41
4.1 Appointment scenario evaluations .................................................................................... 41
4.2 Comparison of gate strategies ........................................................................................... 44
5. CONCLUSIONS AND FUTURE RESEARCH........................................................................ 56
REFERENCES .............................................................................................................................. 58
APPENDIX .................................................................................................................................... 61

iv

LIST OF TABLES
TABLE 1 APM Strategic Waypoint Routing Rules..................................................................... 12
TABLE 2 Maher Strategic Waypoint Routing Rules ................................................................... 13
TABLE 3 PNCT Strategic Waypoint Routing Rules ................................................................... 13
TABLE 4 APM Entrance Nextlane Distribution.......................................................................... 17
TABLE 5 Maher Entrance Nextlane Distribution ........................................................................ 20
TABLE 6 Entrance Percentages for Passenger Cars by Zone Type............................................. 35
TABLE 7 Distribution of Truck Demand by Type ...................................................................... 36
TABLE 8 Emissions Totals .......................................................................................................... 55

v

LIST OF FIGURES
FIGURE 1 Satellite Image of the PNE .......................................................................................... 10
FIGURE 2 Zones Representing the North Avenue Entrance......................................................... 12
FIGURE 3 Satellite Image of APM Terminal Gate Configuration................................................ 14
FIGURE 4 APM Terminal, CPO Scenario .................................................................................... 15
FIGURE 5 Unnatural Queuing at the APM Entrance .................................................................... 15
FIGURE 6 APM Terminal Entrance Lane Choice Rules .............................................................. 16
FIGURE 7 APM Exit Gate Lane Choice Rules ............................................................................. 17
FIGURE 8 Satellite Image of the Maher Terminal Gate Configuration ........................................ 18
FIGURE 9 Maher Terminal Gate Configuration, CPO Scenario .................................................. 19
FIGURE 10 Maher Entrance Approach Lane Choice Rules ......................................................... 19
FIGURE 11 Maher Exit Gate Lane Choices .................................................................................. 20
FIGURE 12 Satellite Image of the Maher Chassis Depot.............................................................. 21
FIGURE 13 Simulation of the Maher Chassis Depot .................................................................... 21
FIGURE 14 Lane Expansion, Maher Chassis Depot ..................................................................... 22
FIGURE 15 Satellite Image of the PNCT Gate Configuration ...................................................... 23
FIGURE 16 PNCT, CPO Scenario ................................................................................................ 23
FIGURE 17 Lane Choice Rules for the PNCT Entrance Expansion ............................................. 24
FIGURE 18 Satellite Image of the PNCT Chassis Depot .............................................................. 25
FIGURE 19 Simulation of the PNCT Chassis Depot .................................................................... 25
FIGURE 20 APM Terminal Layout, Appointment Scenarios ....................................................... 27
FIGURE 21 Maher Terminal Gate Configuration, Appointment Scenarios.................................. 28
FIGURE 22 PNCT, Appointment Scenarios ................................................................................. 29
FIGURE 23 Nextlane Rules for PNCT Lane Reduction, Exit Gates ............................................. 30
FIGURE 24 Exit Lane Restrictions at the PNCT, Appointment Scenarios ................................... 31
FIGURE 25 Distribution of Vehicles by Type over 24-hour Period ............................................. 34
FIGURE 26 Truck Demand Distribution over 24-hour period ...................................................... 35
FIGURE 27 Demand Distribution for Extended Hours Scenario .................................................. 37
FIGURE 28 Demand Comparison: CPO and Extended Hour Scenarios ....................................... 38
FIGURE 29 Demand Comparison: CPO and Appointment Scenarios .......................................... 39
FIGURE 30 Hourly Delays for Appointment Scenarios ............................................................... 41
FIGURE 31 Hourly Delay for the APM Entrance Gate, Appointment Scenarios ......................... 42
FIGURE 32 Hourly Delay for the PNCT Entrance Gate, Appointment Scenarios ....................... 43
FIGURE 33 Hourly Delay for the Maher Entrance Gate, Appointment Scenarios ....................... 43
FIGURE 34 Hourly Delay ............................................................................................................. 45
FIGURE 35 Total Delay ................................................................................................................ 46
FIGURE 36 Percentage of Delays Occurring within Terminals .................................................... 48
FIGURE 37 Delay at Entrance Gates, Extended Hour Scenario ................................................... 49
FIGURE 38 Delay at Entrance Gates, Appointment Scenario ...................................................... 49
FIGURE 41 Hourly Carbon Monoxide Emissions ........................................................................ 54
FIGURE A-1 Hourly Carbon Dioxide Emissions.......................................................................... 61
FIGURE A-2 Hourly Hydrocarbon Emissions .............................................................................. 62
FIGURE A-3 Hourly Nitrogen Oxide Emissions .......................................................................... 63
FIGURE A-4 Hourly Fuel Consumption ....................................................................................... 64
FIGURE A-5 Hourly Diesel Particulate Emissions ....................................................................... 65

vi

EXECUTIVE SUMMARY
Despite the recent economic downturn, forecasts continue to predict that Intermodal Marine
Container Terminals (IMCTs) will experience growth in container volumes. The growth in container
volumes is expected to result in substantial increases in congestion for both seaside and landside
terminal operations. IMCTs are under pressure to come up with strategies to accommodate the
increasing demand. One of the major factors contributing to the congestion problem is that terminal
gates are open during certain hours of the day. Consequently, trucks are forced to pick-up and deliver
containers during specific hours of the day, resulting in high demand over these periods. This
phenomenon has led to inefficient gate operations that can spill traffic over to the surrounding
roadway network and cause safety and congestion problems.
The problem of congestion may also extend to the terminal yards where high demand peaks
for service on the landside coupled with capacity issues can degrade reliability and performance of the
terminal. In addition to these issues, environmental effects stemming from idling trucks has further
emerged as a serious problem, as truck emissions have been linked to negative health conditions.
Different solutions have been proposed to reduce the amount of air pollution from drayage operations
including new technologies, operational strategies, and financial mechanisms. Due to the limited and
very expensive right of way in the area surrounding IMCTs, applying low cost and quickly
implementable approaches to address mobility constraints at IMCTs becomes more viable than
physical capacity expansions.
Different operational strategies have been suggested (e.g. gate appointment systems, extended
hours of operations for terminal gates, and advanced technologies for gates and terminals) to relieve
the effects of congestion and help improve air quality. The impact of gate strategies (either at the
tactical or operational level) on drayage operation efficiency is not very well understood, and is an
area where researchers and practitioners have become increasingly involved. A number of researchers
have attempted to evaluate the effects of different gate strategies either through simulation modeling
or through before-and-after case studies of terminals which have implemented gate strategies.
This primary objective of this research is to present the development of a traffic simulation
model capable of measuring the impact that gate strategies will have on the levels of congestion at
IMCT terminal gates. The traffic model was used to quantify travel time, delay, and emission levels
within the terminals and on the roadway network in the vicinity of the IMCTs before and after gate
strategies have been implemented. To our knowledge this is was the first attempt in the published
literature to capture delays and emission levels at the gates of terminals using a traffic simulation
model. These delays contribute to the inefficiency of drayage operations within IMCTs, and
knowledge as to how various gate strategies affect efficiencies could prove valuable for future
planning of IMCTs. Based on results from a case study, it was concluded that the majority of delays
experienced by drayage trucks occurs at the terminal gates and that omission of terminal gates should
be discouraged as it can lead to a 70% underestimation of the delay. Results from the case study
further indicate that the most effective gate strategy for reducing congestion at terminal gates as well
as within the roadway network (as well as emissions) was extending the terminal gate hours to divert
demand to off-peak hours.
Recommendations for gate strategy implementation are problematic, as each terminal has
unique characteristics that will influence the effectiveness of gate strategies. This research does show
that appointment systems should be implemented with caution, especially when a limited number of
lanes are available. Testing an appointment system with a simulation will let the terminal operators
determine both the number of lanes that should be converted to appointment lanes and the percentage
of demand that should be making appointments to utilize those lanes most effectively. Extending the
gate hours proved to be an effective method of increasing efficiency, especially as the demand for the
terminals was increased.
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1. INTRODUCTION
1.1 Problem definition
Increasing reliance on global trade has made Intermodal Marine Container Terminals
(IMCTs) vital links in our transportation and economic systems. Container volumes at U.S.
IMCTs have nearly tripled over the last twenty years (1) and forecasts predict that demand will
double sometime in the next ten to fifteen years (2). Rising container volumes have forced many
ports to take action or face the risk of exceeding their capacity in the near future. Whenever
possible, IMCTs have turned to physical expansion to increase their capacity and accommodate
future demand. However, most IMCTs are located in densely populated urban areas, making
physical expansion difficult or impossible. When physical expansion is not an option, planners
and engineers need to address increases in demand with corresponding increases in operational
efficiency or face the possibility of crippling congestion.
In addition to capacity concerns, terminal operators also need to address increases in
emissions that occur as a result of increases in demand and congestion. IMCTs have begun to
address this issue by introducing programs such as cold-ironing and electrification which are
aimed at reducing emissions of landside and seaside operations. Most current landside operations
produce diesel engine exhaust, which is known to contain a number of carcinogens and is
associated with elevated levels of asthma attacks, emergency room visits, hospitalizations, heart
attacks, strokes and untimely deaths (3).
Although the need to increase IMCT efficiency extends to both landside and seaside
operations, the focus of this research will be on a specific set of landside operations; drayage
movements. Drayage is defined as “the movement of containers between a port terminal and an
inland distribution point or rail terminal” (4). Drayage operators are typically paid by the move,
which creates an incentive for drivers to make as many moves during the day as possible, which
causes demand to peak during certain hours at terminal gates. These peaks are concentrated in the
hours prior to the opening of terminal gates, as drayage operators attempt to enter the terminal as
early as possible, and evening, as drayage operators try to make their last movement before the
gates close. Trucks that arrive prior to the gates open often continue to idle, which increases the
emissions generated by IMCT landside operations.
Peaking is exacerbated at terminals where an imbalance exists between the operating
hours of terminal gates (typical hours are weekdays from 6:00 AM to 5:00 PM) and seaside
operations (typically carried throughout the day). This imbalance creates congestion at both the
beginning of the day and after a weekend period, as demand for drayage movements continues to
build over these periods.
Even if demand peaks and operational imbalances did not occur, IMCT terminal gates
would continue to be a source of congestion due to in-gate processing delays. A typical in-gate
process includes identity verification of both the drayage operator and company, verification of
the availability of the container that the drayage operator intends to pick up, equipment
inspection, and dispatching yard equipment needed to ready the container. These delays vary
according to transaction type, drayage operator experience and degree of automation available at
the terminal gate. A typical delay at a terminal entrance gate is 4 to 5 minutes (4). Inbound gate
delay is reduced for trucks performing simpler transactions (i.e. trucks arriving bobtail or with a
chassis, trucks with appointments, etc.) Transactions at exit gates are typically simpler than
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transactions at entrance gates, therefore delays at exit gates are typically smaller than those of
inbound gates (4).
Various strategies have been implemented by IMCTs to decrease delays at terminal gates.
These strategies include use of automated technologies to improve operational efficiencies (5),
extending operational hours of terminal gates, and creating appointment systems for drayage
movements. Extended gate hours are designed to distribute peak hour demand to off-peak hours
and can be combined with financial incentives which help to offset the added cost of operating
terminal gates over longer time periods and to encourage drayage operators to utilize off-peak
hours. The amount of demand which is shifted often depends on the length of the extension (i.e.
gates that already have longer operational periods experience a smaller shift than those with
shorter operational periods).
Another strategy IMCTs implement to increase terminal gate efficiency is appointment
systems. Appointment systems are often accompanied by dedicated lanes whose purpose to
minimize delays for trucks with appointments, thereby encouraging more drayage operators to
make and keep appointments. Effective appointment systems also allow IMCT operators a
measure of control over drayage truck arrivals, as they can specify the number of transactions that
will occur on appointment lanes (6). This measure of control is limited by the variability of
drayage transactions, as time slots often range from one to several hours. The effectiveness of
appointment systems relies on proper planning by terminal operators and by the drayage
operators’ ability to keep their appointments (7). The latter can be affected by factors out of the
drayage operators’ control (such as traffic congestion on route to the port or delay at its origin)
making truck appointment systems less attractive.
1.2 Research objectives
The goal of this research is to develop a methodology which can be used to create a
dynamic traffic simulation model that will measure congestion and emissions levels at IMCT
terminals before and after the application of gate strategies. To demonstrate the proposed
methodology a case study will be developed where two gate strategies are implemented: a) an
appointment system, and b) extended hours of gate operations. The Port of Newark/Elizabeth
(PNE) was selected as the test-bed for this research due to data availability (Dougherty (8) and
Spasovic et al. (9)) and because the port has high levels of demand.
The scenarios that were developed for the PNE included: a) a scenario that represented
the current patterns of operation (CPO), b) an appointment scenario, c) an extended gate hour
scenario, and d) a flat demand scenario (the flat demand scenario evenly distributed truck demand
over a 24-hour period and was used as a best-case scenario). Gate strategy scenarios were
compared to the CPO scenario to measure any improvements that resulted from their
implementation. The flat demand scenario was used to determine what the best-case scenario
would look like for future demand levels. We note that to capture the effectiveness of these two
gate strategies, the proposed methodology and model should capture the complex logic behind
daily IMCT drayage movements as accurately as possible. In this research a significant amount of
effort focused in achieving the latter objective utilizing state of the practice software and
innovative modeling techniques.
The remainder of this report is organized as follows: the next section contains a literature
review. Section 3 describes the physical characteristics of both the PNE and the simulation and
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explains the methodology used to construct the traffic model. Section 4 presents the results and
Section 5 presents the conclusions.

2. LITERATURE REVIEW
The importance of drayage operations and their effect on emissions levels at IMCTs is
reflected by an increase in the amount of research. This literature review will focus on two types
of research: before-and-after case studies at IMCTs that have implemented gate strategies and
simulations of IMCTs which include logic for gate strategy implementation.
2.1 Before-and-after case studies of gate strategies
In 2005, a program extending terminal gate operating hours at the Ports of Los Angeles
and Long Beach (PLALB) began in response to legislation. This legislation called for terminal
operators to take action to reduce congestion and emissions levels of the PLALB. The extended
hour program assessed a fee to drayage transactions made during peak hours to encourage a
demand shift to off-peak hours and also to offset additional costs of operating terminal gates over
an extended time period. The effectiveness of the extended gate hour program was assessed by
Giuliano et al. (10). The authors concluded that extended hours at the PLALB shifted 20% of
drayage movements from peak hours to off-peak hours.
In a separate study of the extended gate hour program at the PLALB, Fairbank, Maslin,
Maullin, and Associates (11) interviewed drayage operators before and after implementation to
determine the perceived benefit of effected parties at the IMCT. The survey stated that drayage
operators felt that extended operating hours of terminal gates had a positive impact on the overall
efficiency of drayage operations at the PLALB.
Extended gate hours were briefly introduced on a trial basis at two of the three terminals
at the PNE. A study conducted by Spasovic et al. (9) assessed the effectiveness of extended
operational hours at the PNE’s terminal gates. The authors concluded that neither experiment was
considered a success, as only a small percentage of drayage operators utilized off-peak hours. The
authors compared extended hours at the PNE to the program implemented at the PLALB and
noted that physical differences in shipper sizes and differences in political structure between the
ports represented a challenge for effectively implementing an extended hour program at the PNE.
A gate appointment system was implemented along with the extended hour program at
the PLALB in 2005. The appointment system was evaluated in three separate studies by Giuliano
et al. (12; 13; 14). In each study, the authors cited an inability of terminals to enforce
appointments and a lack of willingness on the part of drayage operators to participate in the
program as reasons for a lack of success of appointment systems. Lack of drayage operator
participation was due in part to failure to dedicate lanes solely to trucks with appointments. The
lack of dedicated appointment lanes led to the system having a limited impact on turn times.
Other reasons given for lack of success were that the appointment system was imposed on the
terminals from the outside, that other operational changes implemented alongside the
appointment system were more effective (i.e. extended hours) and that regulation was imposed on
terminal operators instead of truckers.
A study conducted by the U.S. Environmental Protection Agency (15) found that a
terminal gate appointment system implemented at the Port of New Orleans improved traffic flow
through the IMCT, increased terminal throughput and improved productivity for trucking
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companies and terminal operators. Morais and Lord (7) conducted a study for the Canadian
government which cautioned that an appointment system implemented without support from port
operators and truck drivers would have little to no effect on reducing gate congestion. The authors
believed that gate appointment systems have the potential to reduce congestion when properly
implemented and should be considered as a means for reducing future drayage congestion at
IMCTs.
Overall, case studies of gate strategy implementation have led to mixed results. Some
strategies have yielded positive results after implementation, while others have not. Each terminal
has unique characteristics that affect the outcome of gate strategy success. Establishing a
methodology for simulating gate strategy implementation would provide an opportunity for
terminal operators to assess various strategies prior to implementation.
2.2 Simulations of IMCTs
Namboothiri and Erera (16) used an integer programming-based heuristic to model an
IMCT and determine pickup and delivery sequences for daily drayage operations with minimized
transportation costs. The authors found that it is critical for terminal operators to provide drayage
firms enough capacity when implementing gate appointment systems (vehicle productivity
increased by 10–24% when capacity increased by 30%), that drayage operators must make good
appointment selections to maintain high levels of customer service (the authors found that
differences between the best and worst selections for capacity distributions resulted in a decrease
in the number of customers served by up to 4%) and that duration of appointment windows may
affect the ability of drayage firms to provide high levels of service. A multi-queuing model was
used by Guan and Liu (17) to quantify gate congestion for inbound trucks, evaluate truck waiting
cost and explore alternatives for gate system optimization. The authors looked at optimizing both
the supply side and demand side of gate operations. The authors noted the following problems
associated with optimization of the supply side: lack of available land, yard congestion due to
lack of handling capacity, under-utilization of gate systems during non-peak periods and a need
for flexibility in gate personnel due to variations in truck arrival rates. The authors found demand
side utilization to be more responsive and to provide more effective control over resource
allocation, congestion and system performance.
Chen et al. (18) presented a framework in which vessel-dependent time window
optimization was proposed as a measure of gate congestion reduction. Two time window
strategies (related to the beginning and end of a time period where export containers arriving by a
vessel could be picked up) were compared. The first was a fixed end-point time window and the
second was a variable end-point time window. An optimization model was formulated and both
strategies were compared to a time window assignment based on a greedy algorithm. The latter
attempted to assign the longest time windows possible, using yard capacity as the constraint.
Results showed both time window strategies compared favorably to results obtained by the
greedy algorithm and that a fixed end-point time window strategy provided similar results to the
variable end-point time windows and needed less CPU time.
Huynh and Walton (19) developed a simulation model of the Barbours Cut Terminal in
Houston using Arena simulation software. The goal of the simulation was to develop a model that
would capture the relationship between yard crane availability and terminal efficiency. The
simulation was also used to assess the effect that a terminal gate appointment system would have
on terminal efficiency. The simulation began inside the terminal (at a point after the drayage
trucks had passed through the entrance gates). Logic was included to simulate container
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movements that occurred in the terminal yard. Additional logic was included for delays that
occurred at terminal exit gates. The appointment system in the authors’ model was used to limit
the number of arrivals over a specified time period. Due to limitations of Arena software, the
model contained no interaction with the IMCT roadway network. The authors concluded that the
simulation could be used to determine the number of yard cranes needed to achieve a desired
truck turn time at an IMCT terminal.
Fischer et al. (20) created a port travel demand model that compared a combination of
different strategies including; extended gate hours, a virtual container yard, a shuttle train,
additional on-dock trains and a near-dock container storage yard. QuickTrip was used to create
the model. Each scenario was estimated by adjusting input to reflect assumed shifts in demand
patterns caused by each scenario’s implementation. For extended gate hours, percentage shifts in
the overall demand cycle were adjusted to reflect different weekend/weekday shifts. The hourly
distribution of drayage traffic patterns was kept the same. The results of this study measured
changes in truck trips and did not attempt to capture the details of the IMCT itself, nor did it
attempt to use delays within the terminal as part of the analysis.
Moini (21) created a simulation model of a generic marine container using ARENA
software. In the simulation, terminal entrance gates were modeled as two-tier systems. The first
gate was used to simulate delays for checking driver’s paperwork. Logic was included for
“trouble” tickets, where trucks were sent to a customer service area and experienced longer
delays. The second set of gates was designed to simulate truck and container inspections and also
to assign interchange areas for loading/unloading containers in the terminal yard. Service rates at
gates were assumed to follow exponential and Poisson distributions. The simulation also modeled
transactions occurring within the terminal yard and on the dockside. Delays at exit gates were
modeled using the exponential distribution, which is assumed to allow for the occasional
mishandling of paperwork or poor physical condition of containers upon exiting (both of which
were assumed to cause increases in delay at exit gates).
To simulate an appointment system, Moini (21) assumed that dedicated lanes would be
provided for trucks with appointments and that service in those lanes would be reduced, as
transactions would be less complicated and would have less variation. Appointment gates were
assigned delays with a flat rate of 1-2 minutes. All travel times between gates and yard operations
were estimated. The simulation was used to measure truck turn times, queue lengths and delays at
specified locations within the simulation.
A simulation of the Pasir Panjang Terminal Extension in Singapore was created by Lee et
al. (22) using Paramics simulation software. The goal of the simulation was to determine areas
within the terminal that were most likely to experience congestion due to future growth and also
to evaluate the optimal size of a truck fleet that would be used to conduct container moves within
the terminal yard. The authors used three truck types to create the simulation: trucks without a
container, trucks with a 20 foot container and trucks with a 40 foot container. Different sets of
logic were developed for each truck (i.e. a truck without a container would have one loaded once
it reached its destination, a truck with a container would be unloaded upon reaching its
destination, etc.). The model only considered activity within the terminal yard and did not include
any logic for terminal gates. Once a truck reached its destination within the terminal yard it was
destroyed, leaving the plug-in to control the queues (virtually). This resulted in a lack of physical
queues within the simulation. Upon completion of the loading and unloading processes, a truck
similar to the one that was destroyed was released onto the terminal roadway network where it
would exit the simulation. All vehicle movements within the simulation were controlled using
fixed routes.
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Dougherty (8) created a dynamic traffic assignment of the PNE using Vissim software.
The simulation evaluated the effect that gate strategies would have on the PNE’s roadway
network. Gate strategies were simulated using the following shifts in demand; a 30% shift in
demand to off-peak weekday hours, a 20% shift in demand to off-peak weekday hours, a 20%
shift in demand to weekends and a 10% shift in demand to weekends. All vehicles destined to or
originating from the terminals were treated as trucks, with no distinction between differing types
of drayage operations. 40% of all traffic routed to Maher terminals was given an additional stop
at the Maher chassis depot. Travel times and delays that were included in this model were
recorded from the time a truck was created (at the origin zone) to the time it was destroyed (at the
destination zone). No delay was applied to trucks entering terminals, therefore transactions at
terminal gates were not captured by this model.
Marine container terminal simulations have been carried out using a variety of software
platforms and techniques. Some simulations are meant to represent only the actions occurring
within the terminal yard, others are meant to capture movements within the port’s roadway
network. Most simulations have represented gate strategies as shifts in demand and have not
combined those demand shifts with actual gate operations. This method fails to capture the affect
that gate strategies will have on actual gate operations. Previous simulations also failed to include
movements between chassis depots and terminals and interactions between entrance gate queues
and IMCT roadways. The methodology outlined in Section 3 explains how this work captured all
of these movements using a Paramics simulation.

3. METHODOLOGY
This section describes the process used to build the traffic simulation model for the PNE.
The section includes the process that was undertaken to select a software platform, a physical
description of the PNE, the development of vehicle types, zones, and demand, a physical
description of the simulation for each gate strategy, and the approach used to model and calculate
emissions.
3.1 Software selection
Several off-the-shelf dynamic traffic simulation software platforms are available
including, but not limited to, CORSIM, SimTraffic, AIMSUN, VISSIM, and Paramics. All of
these platforms are capable of creating microscopic traffic simulations that can perform projectlevel analysis. A comparison of traffic simulations conducted by Ratrout and Rahman (23)
reviewed various platforms based on a variety of criteria (i.e. ability to simulate signaled
intersections, congestion, intelligent transportation systems, etc.). Most evaluations concluded
that the simulation platforms performed relatively equally. Quadstone Paramics (24) was selected
for this research due to its availability and its ability to model emissions using the Monitor plugin.
The diversity of Paramics software allowed for the development of a simulation that
included logic which simulated drayage movements within the PNE. Paramics also allowed us to
measure delays experienced on terminal roadways and at terminal gates, measure travel times
throughout the PNE, and to measure emission levels for each scenario. The data from Paramics
could be assessed hourly and over the entire 24-hour period.
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3.2 Physical description of the PNE
The PNE is located east of Newark Liberty International Airport and is bordered by I-95
on the west and I-78 to the north. Container ships enter the port through Newark Bay, located east
of the port. There are three main access roads that service the PNE. Vehicles entering from the
south use North Avenue. At the north end of the PNE, vehicles can enter from either Port Street
or Doremus Avenue. Port Street provides direct access to both I-95 and I-78, therefore a majority
of vehicles entering from the north use this entrance. The PNE contains three container terminals;
APM, Maher, and the Port Newark Container Terminal (PNCT). Each terminal has a chassis
depot where drayage trucks can pick up or drop off chassis equipment. The APM chassis depot is
located within the terminal. Maher and PNCTs both have off-site chassis depots. The distance
between the entrance to the Maher chassis depot and the entrance to the Maher terminal is
approximately 1.6 miles, due to the circuitous route of travel that must be taken between the two.
Trucks traveling to the chassis depot must pass through four signalized intersections to reach the
terminal. The PNCT chassis depot is located three miles from the terminal entrance and trucks
traveling between the two must pass through seven signalized intersection. Capturing trips to and
from the external chassis depots was considered crucial because generated extra trips for trucks
and added delay to drayage transactions. A satellite view of the PNE highlighting the physical
location of areas crucial to the simulation is shown in Figure 1.
3.3 Physical attributes of the Paramics simulation
Developing a Paramics model required establishing vehicle types, creating zones
origin/destination zones, and re-creating the roadway network of the PNE. The following section
describes the physical attributes models that represented the CPO, extended hour and
appointment scenarios.
3.3.1 Vehicle types
To accurately measure changes that occur due to the application of terminal gate
strategies, it was important to develop a detailed set of drayage vehicles. Accurate vehicle lengths
were necessary to represent queues at the terminal gates. Different vehicle types were needed to
model movements between the terminals and the chassis depots as well as between non-terminal
zones within the simulation. Movements between the terminals and the chassis depots were
considered vital, as these movements represented a significant percentage of the total drayage
movements within the PNE. Three major categories of vehicles were used to represent the typical
traffic stream at the PNE:
a) passenger cars that would originate from or be destined to “other” zones,
b) trucks that would originate from or be destined to “other” zones, and
c) trucks destined to the IMCTs.
For passenger cars, default attributes provided by Paramics were used to represent
physical characteristics of the vehicles. Two vehicle types were used to represent trucks destined
to “other” zones within the PNE. Both vehicles were given the default operational attributes of a
Large Goods Vehicle (LGV) but were given different lengths so that queues at signalized
intersections within the PNE could be more accurately represented. The first vehicle type was
given a length of 20 ft. and the second was given a total length of 66 ft. (which was divided into a
13 ft. cab and a 53 ft. trailer). The distribution of “other” trucks within the model was such that
85% were represented by vehicles with a length of 20 ft. and the remaining 15% by vehicles with
a 66 ft. length.
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Drayage trucks were represented by three vehicle types; trucks hauling a container (from
now on referred to as container trucks), trucks hauling a bare chassis (from now on referred to as
chassis trucks), and bobtail trucks. Operational attributes for these vehicles were defined using
default characteristics of an LGV.
Two types of vehicles were used to represent container trucks. The first represented a
truck hauling a 40 ft. container and the second represented a truck hauling a 20 ft. container. The
cab of each container truck was given a length of 13 ft. and the trailers were assumed to be the
same as the length of the container. Therefore, 40 ft. container trucks had a combined length of 53
ft. and 20 ft. container trucks had a combined length of 33 ft. Simulating different lengths of
container trucks was considered to accurately represent queue lengths at terminal gates. The
proportion of 40 ft. container trucks to 20 ft. container trucks in the simulation was 80% to 20%.
This distribution was determined from a limited set of observations obtained from satellite
images.
Chassis trucks consisted of a 13 ft. cab hauling a 40 ft. trailer. Bobtail trucks were single
unit vehicles assigned a length of 13 ft. Trucks with an appointment (from now on referred to as
appointment trucks) were given the same physical characteristics and distributions as nonappointment trucks.
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3.3.2 Origin/destination zone development
Paramics simulation software allows the user to create two different zone types, vehicle
sinks and strategic waypoints. Vehicle sinks are zones which represent either an origin or a
destination within the simulation from which vehicles are either released into or removed. The
second type of zone is a strategic waypoint zone, which must be used in combination with vehicle
sinks. Vehicles can travel through any number of assigned strategic waypoints before reaching
their destination but must have origins and destinations at vehicle sinks. The need to complete a
route between an origin and a destination prevents strategic waypoint zones from being placed on
dead end streets. Due to this fact, terminals were modeled as circular routes through which travel
time is meant to represent delay due to yard operations for drayage trucks.
The use of strategic waypoint zones in a simulation requires the development of a set of
rules to govern vehicle routes. These routes were used in the simulation of the PNE to direct
movements of drayage trucks. Routes within the simulation varied according to the type of
movement needed to complete drayage transactions (specified by vehicle type). For example,
trucks entering the simulation bobtail or with a chassis and destined to either Maher or PNCTs
(i.e. terminals with external chassis depots) were routed to both the terminal and the chassis depot
prior to exiting the simulation. The use of strategic waypoint zones ensured that drayage trucks
could be tracked as they moved throughout the terminals. Strategic waypoint zones allowed trip
times to be recorded from the time a truck was released into the simulation (at the entrances of the
PNE) until the time it was removed (at an exit of the PNE). This method also provided a more
accurate representation of delays, travel times and emissions occurring within the PNE and within
each terminal.
A total of 39 zones were used to represent origins and destinations within the PNE. To
better model the complex traffic movements within PNE, these zones were separated into three
sets:
a) zones representing entrances/exits to the PNE (i.e. North Avenue, Port Street, and
Doremus Avenue)
b) zones representing non-terminal origin/destinations
c) zones representing terminals and chassis depots.
Entrances to the PNE were simulated using 18 vehicle sinks (6 zones per entrance). The
North Avenue entrance zone configuration is shown in Figure 2. Multiple zones were used to
simulate PNE entrances so that traffic assignments to each terminal could be controlled. For
example, if a truck was destined to the APM terminal and entered via North Avenue, it was
released at Zone 001. If that same truck was exiting the simulation after completing its drayage
transactions at the APM terminal, it was removed from the simulation once it arrived at Zone 004.
Similarly, Zones 028 and 030 were sources for vehicles entering via North Avenue and destined
for either the Maher or PNCTs, respectively. Zones 029 and 031 were termini for vehicles exiting
via North Avenue from either the Maher or PNCTs. Both Port Street and Doremus Avenue were
represented by similar zone configurations, each having sources and sinks dedicated to
movements from individual terminals. The inner zones of the configuration were also used as
origins and destinations for all non-terminal traffic within the simulation.
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Another consideratiion made at the
t entrances of the PNE cconcerned thee type of linkks that
were
w
used. On
n default link
ks, vehicles arre released innto the simulation at a speeed of 5 milees per
ho
our (mph). On
O a zone con
nnector, vehicles are releassed at link speeed; thereforee all of the linnks at
th
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in
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f the termin
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in sectiion 3.5). The remaining zzones were “oother”
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Zones 023-027 rep
presented the terminals annd chassis deepots of the P
PNE. These zones
were
w
modeled using strateg
gic waypoint zones. As m
mentioned earllier, it was neecessary to build a
seet of rules to
o define the routes
r
of veh
hicles travelinng to strategic waypoint zzones. A set of 45
waypoint
w
ruless defined rou
utes for dray
yage trucks w
within the moodel. Table 1 shows ruless 1-9,
which
w
were used to govern routes for tru
ucks destined to the APM tterminal.
LE 1 APM Strategic
S
Wayypoint Routiing Rules
TABL
En
ntrance/Exit
North
Port
Doremus
D

North
1
4
7

Port
2
5
8

122

Dooremus
3
6
9

Table 1 shows the relationship between strategic waypoint rules and the PNE entrances
and exits. The routes defined origin-destination (OD) relationships between port entrances and
terminals. The APM terminal was governed by fewer rules than the other terminals as its internal
chassis depot did not require a separate set of rules for chassis and bobtail trucks.
Rules 10-27 governed routes for trucks destined to the Maher terminal and chassis depot
are shown in Table 2.
TABLE 2 Maher Strategic Waypoint Routing Rules
Entrance/Exit
North
Port
Doremus

North
10
16
22

Port
11
17
23

12
18
24

13
19
25

Doremus
14
15
20
21
26
27

The even-numbered rules shown in Table 2 were routes for container trucks destined to
the Maher terminal. These routes specified which entrance a container truck would be released
from and which exit a container truck would travel to after completing its drayage transaction at
the terminal. Odd-numbered rules represented routes for chassis and bobtail trucks. Separate
routes were needed for these truck types as transactions at chassis depots were combined with
terminal transactions. It was assumed that trucks would enter and exit the terminal in such a way
as to minimize travel distance within the PNE, therefore routes terminating at North Avenue
(Rules 11, 17, and 23) were defined so that trucks traveled to the terminal before proceeding to
the chassis depot. For trucks originating at North Avenue, the order in which trucks visited the
chassis depot and the terminal were reversed. For the remaining route combinations, the order in
which vehicles visited the terminal and chassis depot did not affect travel distance, therefore
order of assignment was random.
Strategic waypoint rules which defined routes for trucks destined to the PNCT (rules 2845) used the same logic applied at the Maher terminal and chassis depot combinations, due a
similar proximity to PNE entrances for both the terminal and chassis depot. Table 3 displays the
strategic waypoint rules used to define truck interactions with the PNCT.
TABLE 3 PNCT Strategic Waypoint Routing Rules
Entrance/Exit
North
Port
Doremus

North
28
34
40

Port
29
35
41

30
36
42

31
37
43

Doremus
32
33
38
39
44
45

Waypoint routing rules were a critical part of the simulation, used to add logic which
represented complex drayage movements between the terminals and the chassis depots.
Movements between terminals and chassis depots represent a significant portion of demand,
therefore the inclusion of these movements was essential to assess the impact that gate strategies
would have on congestion and emissions within the PNE.
3.3.3 Base case development
On top of creating logic for vehicle movements, a simulation requires a physical
representation of the area. The geometric data used to create the physical representation of the
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PN
NE was collected from Google
G
Earth and from obbservations m
made during a visit to thee site.
Simulating thee PNE’s roadw
way network required the use of 370 nnodes, which w
were connectted by
lin
nks representting 198,884 feet of roadw
way. Care waas taken to acccurately reprresent the roaadway
neetwork, especcially at entraances at the teerminals, as iinteractions oof trucks at terrminal gates was a
crrucial compon
nent of measu
uring the effectiveness of ggate strategiess within the P
PNE.
Each of
o the IMCTss at the PNE has a uniquee set of charaacteristics whhich influenceed the
beehavior of drayage operaations. Each terminal’s phhysical repreesentation will be describbed in
deetail in the rem
mainder of th
his section.
The so
outhernmost terminal
t
of the PNE is the A
APM terminaal. A satellite image of thee
teerminal entran
nce and exit gate
g configuraation is shownn in Figure 3..
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ERMINAL G
GATE CONF
FIGURATIO
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The qu
ueuing area for
f the APM entrance gatee, shown in F
Figure 3, is 115 lanes widee. The
PN
NE’s access road at the en
ntrance to thee APM termiinal is only 4 lanes wide ((two lanes forr each
diirection), therrefore trucks must make rapid
r
lane chhanges to forrm evenly disstributed queuues at
en
ntrance gates. To accomm
modate this raapid lane exppansion, the ssimulated enttrance of the APM
teerminal was divided
d
into two
t
sections. The first secction of the ggates at APM
M consisted oof two
lin
nks (5 lanes wide
w shown in
i Figure 4). These
T
links pprovide truckss approachingg the entrancee time
to
o merge into all 15 lanes. The second section
s
(15 laanes wide) reppresents the aactual geomeetry of
th
he terminal gates
g
and queeuing area. The
T APM exxit gates weree 15 lanes w
wide (Exit Gaate &
Approach,
A
Figure 4).
In add
dition to the main
m
exit gatees, the APM terminal hadd a separate eexit gate for ttrucks
ex
xiting via thee chassis depo
ot (located wiithin the term
minal yard). D
Delays for thee chassis depoot exit
gaates were red
duced to simu
ulate quicker inspection tiimes for truckks exiting boobtail. These areas
arre shown in Figure
F
4.
The reed-hatched lan
nes in Figuree 4 represent lanes availabble only to boobtail trucks while
th
he purple-hatcched lanes rep
present lanes for all other trucks. The yyellow-hatcheed lanes at thee Exit
Gate
G & Approach are restriicted to chassis trucks (all bobtail truckks are sent to the chassis ddepot).
Lane
L
restrictio
ons were used
d to guide deemand to thee entrance gaates designed to accept sppecific
trruck types.
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To
T simulate drrayage operatiions at the AP
PM terminal, it was necesssary to separaate movementts (via
laane restriction
n) into vehiclles that travell directly to tthe exit gatess and vehicles that travel to the
ch
hassis depot. Bobtail truck
ks exited the terminal via the chassis ddepot and conntainer and chhassis
trrucks exited th
hrough the main
m exit gatess (Chassis Deppot Separatioon Area, Figurre 4).
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Lane restrictions
r
allone were no
ot enough to accurately reepresent drayyage movemeents at
th
he APM term
minal, as truck
ks could not navigate
n
the rrapid lane exxpansion usingg Paramics ddefault
veehicle logic. The default logic
l
for Paraamics vehiclee movementss concentratess all of vehiccles in
th
he lowest num
mbered lanes, as vehicles do not have enough timee to make a m
move to the upper
lim
mits of the laane expansion
n. Figure 5 pro
ovides a schem
matic of the pproblem.
The qu
ueue (highlig
ghted by the yellow circlle in Figure 5) formed affter 20 minuttes of
siimulation run
n time. Given that free flow
w travel time ffrom North A
Avenue is 4 m
minutes and thhe free
fllow travel tim
me from Port Street is 7 miinutes, it is obbvious that ddefault vehiclee lane distribuutions
would
w
not allo
ow the simulaation of the PN
NE to functioon properly. T
The vehicle bbehavior for ttrucks
naavigating the APM termin
nal entrance was adjustedd using a seriies of lane chhoice and nexxtlane
ru
ules, which alllow the user to adjust the distribution
d
oof demand.
Lane choice rules allow the user
u
to adjuust vehicle ddistribution by either an exact
peercentage, wh
here the userr defines the percentage oof vehicles uttilizing each lane, or by ggroup,
where
w
the userr defines an accceptable ran
nge of lane chhoices that vehhicles can usee. Lane choicce also
alllows the useer to filter laane usage by vehicle typee. The nextlaanes feature allows the user to
sp
pecify the deemand distrib
bution from each lane oof a link from
m which a vvehicle is exxiting.
Nextlanes
N
also
o allows a speecific range of
o lanes to bee utilized, thuus controllingg movementss from
on
ne link to thee next. This is especially important
i
for links with laane restrictionns, as vehiclees that
en
nter a lane on
nto which theey are restrictted are forcedd to merge. T
These forced m
movements teend to
caause congestion, as mergin
ng vehicles in
nterfere with ttraffic flow.
The fiirst area wheere lane cho
oice rules weere applied w
was the areaa labeled Enttrance
Approach
A
in Figure
F
4. An im
mage of the links
l
and lanee choice ruless is shown in Figure 6. Thhe first
ru
ule restricted bobtail truckss to lane 1 an
nd the second rule evenly ddistributed conntainer and chhassis
trrucks between
n lanes 2, 3, 4,
4 and 5 (25%
% of demand entering the approach waas assigned too each
laane). These lane
l
choice rules
r
allowed
d for the creaation of a neextlane distriibution that w
would
prrevent drayag
ge trucks from
m attempting to
t access lanees from whichh they were reestricted.

L
Lanes 2-5
Lane 1

FIGURE 6 APM TERMIN
NAL ENTRA
ANCE LANE
E CHOICE R
RULES
ontrolled the m
Entrance Appproach
The seet of nextlanee rules that co
movements bbetween the E
an
nd the Entran
nce Gate & Qu
ueuing Area are
a shown in Table 4.
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TAB
BLE 4 APM Entrance Neextlane Distrribution
Ap
pproach Desstination
Lane
L
Lanes
L
1
1,2
2
3,4,5,6
3
7,8,9
7
4
10
0,11,12
5
13
3,14,15

Distribution (%)
50,50
25,25,25,225
33,33,344
33,33,344
33,33,344

Lanes 1 and 2 of the
t Entrance Gate & Queuuing Area w
were restrictedd to bobtail trrucks;
th
herefore the demand
d
from lane 1 of thee Entrance Appproach was evenly distribbuted among these
tw
wo lanes. Thee distribution for the remaiining lanes, reestricted to coontainer and cchassis truckss, was
allso evenly disstributed (Tab
ble 4).
Lane choice
c
rules were
w
also creeated to distriibute demandd at the Exit Gate & Apprroach.
The
T area to wh
hich these rulees were applieed is shown in Figure 7.
Lane choice
c
logic at
a the Exit Gaate & Approaach included ttwo rules. Thhe first rule appplied
to
o lanes 1 and 2 and restrictted usage to chassis
c
truckss. The secondd rule was appplied to laness 3-15
an
nd distributed
d container and
a chassis trrucks evenly among the laanes. Lane chhoice rules fo
for the
Exit
E Gate & Approach
A
allow
wed chassis trrucks to utilizze all 15 lanes but limited container trucks to
gaates 3-15, wh
hich had largeer in-gate proccessing delayss.

Laanes 3-15
Lan
nes 1-2

FIGURE
E 7 APM EX
XIT GATE L
LANE CHOIICE RULES
Having
g established
d the physicall and behaviooral rules thatt governed drrayage movem
ments
att the APM terminal, it was
w necessary
y to do the ssame for thee Maher term
minal. The M
Maher
teerminal is locaated near the middle of thee PNE and is the largest off the three terrminals. Figurre 8 is
a satellite imag
ge of the entraance and exit gates of the M
Maher terminnal.
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Sou
urce: http://w
www.google.coom/earth/indeex.html
FIG
GURE 8 SATE
ELLITE IMA
AGE OF TH
HE MAHER TERMINAL
L GATE
CO
ONFIGURA
ATION
The saatellite image of the entran
nce gate shown
wn in Figure 8 reveals that tthe approach to the
qu
ueuing area iss a short sectiion of roadwaay that is 5 lannes wide. Uppon passing thhrough this seection,
th
he terminal en
ntrance expan
nds to a 20 lan
nes. The exit gates at the M
Maher terminaal are also 200 lanes
wide.
w
For the simulation
n, the entran
nce and exiit gates werre simplifiedd to a singlle-tier
co
onfiguration, as the exactt function off each gate w
within the muulti-tiered coonfiguration oof the
teerminal was unknown.
u
Fig
gure 9 showss the simulattion represenntation of the entrance andd exit
gaates and theirr respective ap
pproaches.
The arreas labeled Entrance Gate & Queuinng Area and Exit Gate & Queuing Arrea in
Figure 9 were given the same lane restrrictions. The first six lanes were restriccted to bobtaail and
ch
hassis trucks (yellow-hatcched lanes, Figure
F
9). Thhe remainingg fourteen lannes could onnly be
acccessed by co
ontainer truck
ks (green-hatcched lanes, Figgure 9). Restrrictions were also applied to the
arrea labeled Entrance
E
Apprroach in Figu
ure 9. Lane 1 of the Entraance Approachh was restricted to
bo
obtail and chaassis trucks an
nd lanes 2, 3,, 4, and 5 werre restricted too container truucks.
The raapid lane ex
xpansion at the Maher teerminal entraance requiredd a distribution of
deemand using a combinatio
on of lane ch
hoice and nexxtlane rules, ssimilar to thee approach ussed to
siimulate the APM
A
terminaal. Figure 10 shows the loocation of thee lane choicee rules used at the
Entrance
E
Apprroach to the Maher
M
terminaal.
Two laane choice ru
ules were creaated to distribbute demand among the E
Entrance Apprroach.
The
T first rule distributed alll bobtail and
d chassis truckks to lane 1 and the second rule distriibuted
25
5% of container truck deemand to lan
nes 2, 3, 4, aand 5, respeectively. Thee lane choicee rule
go
overning the container trucks was partiicularly imporrtant becausee without it, thhe container ttrucks
teended to remaain in the lower lanes, whicch effected thhe queue distrribution at thee entrance gatte.
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FIGU
URE 10 MAH
HER ENTRA
ANCE APPR
ROACH LAN
NE CHOICE
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Drayag
ge trucks trav
versing from the Entrancee Approach too the Entrance Gate & Quueuing
Area
A were con
ntrolled using nextlanes rulles, the aim oof which was to distribute cchassis and bbobtail
trrucks to the fiirst six lanes and
a evenly diistribute contaainer trucks aamong the rem
maining laness. The
vaalues used fo
or the nextlan
ne distribution
n at the Maheer terminal Enntrance Apprroach are shown in
Table
T
5.
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TAB
BLE 5 Maherr Entrance N
Nextlane Disttribution
Approach
A
Destination
D
Lane
Lanes
1
1,2,3,4,5,6
1
2
7,8,9,10
3
11,12,13,14
15,16,17
4
18,19,20
5

Distribution (%)
16,16,17,17,117,17
25,25,25,225
25,25,25,225
33,33,344
33,33,344

The leength of the queuing
q
area at the Maherr terminal enttrance made iit necessary tto add
an
n additional set
s of lane ch
hoice rules to
o ensure that demand for bobtail/chasssis lanes (1-66) and
co
ontainer lanes (7-20) remained equally
y distributed while approaaching the enntrance gates. This
ad
dditional lanee choice rule was
w applied to
o the Entrancce Gate and Q
Queuing Area (Figure 9).
Another set of lane choice rules was used to ccontrol the disstribution of ttrucks approaaching
th
he Maher exitt gates. The Exit
E Gate & Queuing
Q
Area at the Maher terminal is shhown in Figuure 11.
The
T lane choicce rule for laanes 1-6 usess an exact disstribution to assign demannd for chassiis and
bo
obtail trucks (lanes 1 and
d 2 were each
h assigned 166% of the deemand and lannes 3-6 weree each
asssigned 17% of the demand). Lanes 7-18 were each aassigned 7% of the demannd and lanes 119 and
20
0 were each assigned
a
8% of demand. These
T
distribuutions approxximated the even distributiion of
drrayage truckss within queuees at the exit gates
g
Unlikee the APM teerminal, the Maher
M
chassiis depot is loocated outsidde the terminaal. As
mentioned
m
earlier, capturing
g trips betweeen the terminnal and chasssis depot is ann important ppart of
th
he simulation.. A satellite im
mage of the Maher
M
chassiss depot is show
wn in Figure 12.
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FIGUR
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Sou
urce: http://w
www.google.coom/earth/indeex.html
FIG
GURE 12 SAT
TELLITE IM
MAGE OF T
THE MAHER
R CHASSIS DEPOT
Figure 12 show
ws that the entrance
e
gatess to the chasssis depot are 6 lanes wide and that thhe exit
gaates are 4 lan
nes wide. Th
he simulation
n representatioon of the Maaher chassis depot is show
wn in
Figure 13.

Entrance
Gate

Exit
Gate

FIGURE
F
13 SIMULATIO
S
ON OF THE
E MAHER CH
HASSIS DEP
POT

211

The ap
pproach to th
he chassis dep
pot widens fr
from one lanee wide to sixx lanes wide at the
en
ntrance gate. Two sets of nextlane
n
ruless were neededd to control thhe distributionn of drayage ttrucks
ap
pproaching th
he chassis dep
pot entrance gates
g
(shown iin Figure 14)).
The fiirst rule conttrolled behav
vior of truckks traversing from Link 1 to Link 2. The
diistribution off demand betw
ween Link 1 and Link 2 w
was set at 500% for each llane. The nexxt rule
ap
pplied to the expansion fro
om two lanes to six lanes, which occurrred between L
Link 2 and L
Link 3.
The
T nextlane rule
r
for this expansion
e
disstributed 33-333-34% of deemand from lane 1 of Linkk 2 to
laanes 1, 2 and 3 of Link 3. Lane
L
2 of Lin
nk 2 also hadd a 33-33-34%
% distributionn, but demandd from
th
his lane was divided
d
betweeen lanes 4, 5 and 6 of Linkk 3.
In-gatee processing delays
d
for chaassis and bobbtail trucks deestined to Maaher terminalss were
sp
plit between the terminal and chassis depot. This was based oon the assum
mption that inn-gate
prrocessing wou
uld not be du
uplicated at tw
wo separate loocations.

Link
L
1
Link 2

Link 3

FIGURE 14
4 LANE EXP
PANSION, M
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HASSIS DEPO
OT
The fin
nal terminal for
f which a physical
p
modeel was built w
was the PNCT
T, which is loocated
neear the north end of the PNE.
P
To accesss the PNCT,, drayage truccks must leavve the main aaccess
T, the
ro
oad of the PN
NE and travel down second
dary roads. U
Upon reachingg the entrancee to the PNCT
geeometry beco
omes restrictive and causees congestion problems. A satellite imaage of the enttrance
an
nd exit gate configuration of the PNCT is shown in F
Figure 15.
The en
ntrance begin
ns as a road that
t
is 2 lanes wide and eexpands to 100 lanes wide at the
en
ntrance gates,, all while folllowing a tigh
ht, S-shaped ccurve. The exxit gates at thee PNCT are 6 lanes
wide.
w
The geo
ometry of thee entrance to the PNCT pplays a criticaal role in quueue formatioon. To
caapture this geeometry, the entrance to th
he PNCT waas broken intoo three sectioons; the Apprroach,
th
he Entrance Expansion
E
and the Entrancce Gate. The approach waas two lanes wide and inccluded
th
he initial secttion of the S-curve. The Entrance
E
Expaansion was fiive lanes widde and was ussed to
reepresent the reemainder of the
t S-curve. The
T Entrance Gate includeed the entrancce gates themsselves
an
nd the queuin
ng area. The simulation of the
t PNCT is shown in Figgure 16.
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Sou
urce: http://w
www.google.coom/earth/indeex.html
FIGUR
RE 15 SATEL
LLITE IMAG
GE OF THE
E PNCT GAT
TE CONFIG
GURATION

Entrance
Gate

A
Approach

Exit Gate &
proach
App
Entrannce
Expansion

FIGURE 16
6 PNCT, CP
PO SCENAR
RIO
The area
a
labeled Entrance
E
Expaansion (Figurre 16) had tw
wo sets of lanne restrictionss. The
fiirst restriction
n applied to lane 1 and liimited accesss to bobtail aand chassis trrucks. The seecond
reestriction applied to lanes 4 and 5 and reestricted acceess to containner trucks. At the section laabeled
Entrance
E
Gate, lanes 1 and 2 were restriicted to chasssis and bobtaail trucks (yellow-hatched lanes,
Figure 16). Applying
A
lanee restrictionss to the PNC
CT entrance was difficuult because oof the
geeometry of th
he approach. In
I order to lim
mit congestioon caused by lane restrictioons at the Enttrance
Expansion,
E
two lane choicee rules were also
a applied tto the area. T
The first rule ddirected all bbobtail

233

an
nd chassis tru
uck demand to lane 1, while
w
the secoond rule distrributed 25% of container truck
deemand to each of the four remaining lan
nes. The areaa affected by tthese lane chooice rules is sshown
in
n Figure 17.

FIGURE 17 LANE CH
HOICE RUL
LES FOR TH
HE PNCT EN
NTRANCE E
EXPANSION
N
In add
dition to its unique
u
geomeetry, the PNC
CT also had entrance gattes which opeerated
diifferently thaan the entrancce gates of th
he other term
minals. The firrst two gates were restrictted to
bo
obtail and ch
hassis trucks, but the rem
maining gatess could be uutilized by aall truck typees. To
reepresent this behavior, neextlane rules were createdd between thhe Entrance E
Expansion annd the
Entrance
E
Gate to control thee distribution of trucks queeuing at the P
PNCT gates.
For th
he first lane (which could only be a ccessed by cchassis and bbobtail truckks) no
neextlane rule was applied.. This alloweed chassis annd bobtail trrucks the oppportunity to move
beetween every
y lane while approaching
a
the
t entrance ggate. It was aalso necessarry to avoid ussing a
neextlane rule on
o this lane because the geeometry of thhe PNCT madde it difficult for drayage ttrucks
to
o maneuver between
b
lanees and, despiite the appliccation of lanne restrictionss, container ttrucks
occcasionally reemained in laane 1 as they could not peerform weavinng movemennts in time to avoid
reestricted laness. By leaving lane 1 free off nextlane rulles, container trucks that foound themselvves in
laane 1 were alllowed to man
neuver to lane 3 upon leaviing the Entrannce Expansionn (Figure 16).
Consid
deration of added
a
weavin
ng movementts also effectted the distribbution of vehicles
ex
xiting the Entrance Expan
nsion from lan
ne 2. 25% off these vehiclles were assiggned to lane 3 and
th
he remaining 75% were asssigned to lan
ne 4, which hhelped prevennt congestionn on lane 3, w
which
was
w caused by
y container tru
ucks attemptiing to changee lanes to avooid restrictionns. Demand exiting
th
he Entrance Expansion
E
(F
Figure 16) viaa lanes 3, 4, and 5 was evenly distribbuted betweeen the
reemaining lanees (two lanes per each lanee of approach)).
Deman
nd distributio
on at the PN
NCT’s Exit G
Gate & Approoach was conntrolled throuugh a
co
ombination of lane restricttions and lanee choice ruless. The lane restriction occuurred on lane 1 and
reestricted acceess to chassiss and bobtail trucks (yelloow-hatched lane in Exit G
Gate & Apprroach,
Figure 16). Th
he lane choicee rules used at the PNCT exit gates diistributed all bobtail demaand to
laane 1, all conttainer truck demand
d
evenlly between laanes 2, 3, 4, aand 5, and chaassis truck deemand
was
w evenly disstributed betw
ween all six laanes.
In add
dition to estaablishing logiic for truck movements within the P
PNCT, it wass also
neecessary to establish
e
rulees for the PN
NCT chassis depot. The P
PNCT chassiis depot is loocated
ou
utside of the terminal on Polaris
P
Street,, approximateely 3.3 miles from the entrrance of the P
PNCT

244

neear the south end of the PNE.
P
A satellite image of the PNCT chhassis depot iis shown in F
Figure
18
8.
Unlikee the Maher chassis
c
depott, no gate connfiguration coould be disceerned at the P
PNCT
ch
hassis depot. Therefore, no
n gate delay
ys occur at thhe PNCT chaassis depot enntrance gatess. The
siimulation reprresentation off the PNCT chassis depot iis shown in F
Figure 19.

Chassis
Depot
Entrance
Gate
Sou
urce: http://w
www.google.coom/earth/indeex.html
FIG
GURE 18 SA
ATELLITE IMAGE
I
OF T
THE PNCT CHASSIS D
DEPOT

FIGURE 19
9 SIMULATIION OF THE
E PNCT CH
HASSIS DEPOT
All delay for drayag
ge trucks visiiting the PNC
CT chassis deppot occurs viaa travel time to the
ch
hassis depot and
a travel tim
me within the traffic depot.. Delays repreesenting transactions withhin the
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chassis depot were simulated through the application of a 5 mph speed limit. All gate delays for
the PNCT occurred at the entrance gates to the terminals.
Speed limits on the PNE roadway network were obtained from the 2010 Port of New
York and New Jersey Port Guide (25). The guide showed that primary roads within the PNE had
speed limits of 40 mph and that secondary roads had speed limits of 30 mph. Links used to
simulate truck movements within terminal yards and chassis depots were given speed limits of 5
mph (the lowest value allowable using Paramics) to approximate delays due to transactions
occurring within terminal yards.
A total of 77 intersections were used to model the PNE, 10 of which were signalized. To
determine timings at signalized intersections, a Synchro Studio 7 (26) simulation was created
using known turn count data (8). Synchro has an optimization feature which determines the signal
timings that yield higher levels of service over a given range. Optimized timings from the
Synchro simulation were used as input for signalized intersections in the Paramics model and
were held constant for each scenario.
The physical and behavioral aspects used to create the simulation of the CPO were not
changed in the extended hour scenario. The only changes made to create an extended gate hour
scenario occurred in the OD and will be described in Section 3.5.2. However, creating
appointment scenarios required changes to both the OD and the physical and behavioral
attributes. These changes are described in the following section.
3.3.4 Creation of appointment scenarios
The most important physical adjustment needed to create the appointment scenarios was
determining the number of lanes at each terminal that would be used as appointment lanes (lanes
that could only be accessed by appointment trucks). For each appointment scenario, 30% of the
lanes at each terminal entrance and exit gate were converted to appointment lanes. The different
scenarios represented changes in the proportion of appointment to non-appointment trucks in the
OD matrix (this is described in detail in Section 3.5.3). The physical changes made to each of the
terminals and chassis depots are described in the remainder of this section. Figure 20 shows the
changes made to the APM terminal.
The changes in lane restrictions made to accommodate appointment trucks can be seen in
Figure 20. At the Entrance Approach, lane 2 was converted from a container/chassis truck lane to
an appointment lane. At the Entrance Gate & Queuing Area, five of the fifteen lanes were
converted to appointment lanes. The restriction on lane 2 was changed from bobtail only to
bobtail and chassis appointment trucks. The restriction on lane 3 was changed from container and
chassis trucks to bobtail and chassis appointment trucks. Lanes 4, 5, and 6 were changed from
container and chassis only to container appointment trucks. The remaining lanes at the Entrance
Gate & Queuing Area were restricted to container and chassis trucks. The Exit Gate & Approach
had the same proportion of lane restrictions as the Entrance Gate & Approach in the appointment
scenarios. A change in lane restrictions was made at the Chassis Depot Separation Area to include
bobtail appointment trucks.
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FIGU
URE 20 APM
M TERMINA
AL LAYOUT
T, APPOINTMENT SCENARIOS
In add
dition to changes in lane reestrictions, chhanges in lanee choice and nextlane rulees had
to
o be made to
t accommod
date appointm
ment trucks. Lane choicee rules weree adjusted soo that
co
ontainer and chassis truckss without app
pointments weere evenly diistributed amoong lanes 3, 44, and
5 of the Entran
nce Approach
h. Changes in
n the nextlanee distribution were; all bobbtail trucks w
without
ap
ppointments remained in lane 1, all appointment
a
ttrucks were eevenly distribbuted betweeen the
ap
ppointment laanes (lanes 2-6),
2
and all demand from
m lanes 3, 4, and 5 were evenly distriibuted
beetween lanes 7-9, 10-12, and
a 13-25, reespectively. T
These changees ensured thaat the appoinntment
trrucks destined to the AP
PM terminal could navigaate through tthe lane resttrictions and form
reealistic queues at the gates.
ng an appointment scen
nario also rrequired makking physicaal and behaavioral
Creatin
ad
djustments to
o the Maher terminal, inccluding; the lane restrictiion on the second lane oof the
Entrance
E
Apprroach was ch
hanged to allo
ow only appoointment truccks (white-haatched lane, F
Figure
21), the first fo
our lanes of th
he Entrance Gate
G & Queuuing Area (yelllow-hatched)) were restriccted to
bo
obtail and chaassis trucks without
w
appoin
ntments, lanees 5 and 6 (brrown-hatched)) were restriccted to
bo
obtail and ch
hassis appoin
ntment trucks, lanes 7-10 (blue-hatcheed) were restrricted to conntainer
trrucks with ap
ppointments, and the remaaining lanes ((green-hatcheed) were resttricted to conntainer
trrucks without appointmentts. The lane reestrictions at the Exit Gatee & Approachh mirrored thoose of
th
he Entrance Gate
G
& Apprroach. Chang
ges to the lanne restrictionss to accommodate appoinntment
trrucks can be seen
s
in Figuree 21.
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FIGURE
E 21 MAHER
R TERMINA
AL GATE CO
ONFIGURA
ATION, APPO
OINTMENT
T
SCENARIO
OS
In add
dition to chan
nges in lane reestrictions, addjustments too lane choice and nextlanee rules
were
w
also neceessary at the Maher term
minal. At the E
Entrance Appproach, lane choice rules were
ch
hanged to guiide chassis an
nd bobtail truccks without ap
appointments to lane 1, apppointment trucks to
laane 2, and to evenly distribute contain
ner trucks bettween lanes 33, 4, and 5. T
The nextlane rules
go
overning the transition bettween the En
ntrance Approoach and the E
Entrance Gatte & Queuingg Area
were
w
changed so that chasssis and bobtaiil trucks exitiing the Entraance Approach from lane 1were
ev
venly distribu
uted between
n lanes 1-4, appointmentt trucks (exiiting via lanne 2) were eevenly
diistributed bettween lanes 5-10, and thaat demand onn lanes 3, 4,, and 5 was evenly distriibuted
beetween lanes 11-14, lanes 15-17, and laanes 18-20, reespectively.
A seco
ond set of lan
ne choice rulees at the Mahher entrance ggate ensured tthat demand w
would
bee evenly disttributed betw
ween lanes with
w
similar rrestrictions ((i.e. bobtail aand chassis ttrucks
without
w
appoin
ntments were evenly distriibuted betweeen lanes 1-4, etc.). Changees made to thee lane
ch
hoice rules att the entrancee gates were mirrored
m
by cchanges madee to lane choiice rules at thhe exit
gaates. The only
y changes maade to the Maaher chassis ddepot for the aappointment sscenarios werre that
th
he lane restricctions were ex
xpanded to include appointtment trucks.
Accom
mmodating ap
ppointment tru
ucks at the PN
NCT requiredd extensive too both the phhysical
an
nd behaviorall patterns used
d to create thee CPO and exxtended gate sscenarios.
The reeason that creeating appoin
ntment lanes w
was so difficuult at the PN
NCT stemmedd from
th
he fact that th
here are a limiited number of
o lanes availaable at the terrminal and thhat the geomeetry of
th
he terminal crreates difficu
ulties for dray
yage trucks aattempting to perform lanee changes. Seeveral
siimulation run
ns were need
ded in order to get appoinntment scenaarios to functtion at the P
PNCT.
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Figure 22 highlights the changes
c
madee to lane resstrictions at tthe PNCT foor the appoinntment
sccenarios.

A
Approach
Enttrance Gate

Exit Gate
&
Approach
Lane
Reduction
R
at
Exit Gate

Entrannce
Expansion

FIGU
URE 22 PNCT
T, APPOINT
TMENT SCE
ENARIOS
The firrst change waas the additio
on of a lane reestriction in tthe section laabeled Approaach in
Figure 22 (grreen-hatched lane). The restriction
r
waas placed onn the inner llane of traveel and
prrevented chasssis, bobtail, and appointm
ment trucks ffrom travelinng on this lanne. This restrriction
was
w added afteer observation of early sim
mulation runss showed conngestion betw
ween the Appproach
an
nd the Entran
nce Expansion
n, which was caused by drrayage trucks’ inability to switch lanes in the
co
onstrictive geeometry of thee area.
In the section labelled Entrance Expansion inn Figure 22, lane 1 was reestricted to chhassis
an
nd bobtail tru
ucks. This restriction was moved
m
to lanee 2 (yellow-hhatched lane, Figure 22) annd the
laane restriction
n in lane 1 was
w altered to
o accommodaate appointmeent trucks (whhite-hatched lane).
Moving
M
the bo
obtail and ch
hassis restriction from lanne 1 to lane 2 was necessary to allow these
trruck types acccess to unresttricted lanes at
a the PNCT E
Entrance Gate. The only aadjustment maade to
th
he nextlane rules
r
at the Entrance Ex
xpansion invoolved removiing the rule which distriibuted
deemand exiting
g from lane 2.
2 This alloweed chassis andd bobtail truckks without apppointments exiting
frrom lane 2 of
o the Entrancce Expansion
n access to bboth restrictedd and unresttricted lanes at the
Entrance
E
Gate..
In the area labeled
d Entrance Gate
G
in Figuree 22, appointtment lanes w
were simulated by
reestricting acceess to lanes 1 and 2. Lane 1 was used fo
for container ttrucks with apppointments ((bluehaatched lane, Figure
F
22) an
nd lane 2 waas used for chhassis and boobtail trucks with appointm
ments
(b
brown-hatcheed lane, Figure 22). Lanes 3 and 4 weree used for chaassis and bobttail trucks enntering
th
he terminal without
w
appoin
ntments (yelllow-hatched lanes, Figuree 22). The remaining lanees had
un
nrestricted acccess and were primarily ussed by contaiiner trucks wiithout appointtments.
Excesssive congestiion at the ex
xit gates of thhe PNCT in early runs oof the appoinntment
sccenarios was addressed. In
n the area lab
beled Lane R
Reduction at E
Exit Gate, vehhicle behavioor was
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ad
djusted by resstricting access to lanes 1 and 2 to conttainer trucks w
without an apppointment (ggreenhaatched lanes, Figure 22). Behavior in this area waas further moodified througgh the additiion of
neextlane rules, which were applied betweeen the links in which the lane reductioon occurs. Nexxtlane
ru
ules were useed to keep con
ntainer truckss in lanes 1 aand 2 in theirr respective laanes, lanes 3 and 4
were
w forced to merge into laane 3, lanes 5 and 6 mergeed into lane 4, lanes 7 and 8 merged intoo lane
5 and lanes 9 and 10 merg
ged into lane 6. The nexttlane rules appplied to the lane reductioon are
illustrated in Figure
F
23.

FIGURE 23 NEXTLA
ANE RULES
S FOR PNCT
T LANE RED
DUCTION, E
EXIT GATE
ES
he appointmeent scenarios, lane restricctions at the Exit Gate & Approach were
For th
xpanded to in
nclude links th
hat led to the queuing areaa. Lane 1 was restricted to chassis and bbobtail
ex
trrucks withoutt an appointm
ment (yellow
w-hatched lanne, Figure 244) and lane 2 was restrictted to
trrucks with an
n appointmentt (white-hatch
hed lane, Figgure 24). Lanne restrictionss were extendded to
reeduce weavin
ng that occurrred in this areea during earrly runs of the simulation. Extension of lane
reestrictions and
d the area of application for
f lane choicce rules at thee PNCT exit ggates are shown in
Figure 24.
Lane choice rules at
a the PNCT exit
e were adjuusted so that all chassis truucks utilized llane 1
an
nd that contaiiner trucks wiithout appoin
ntments were evenly distribbuted betweenn lanes 3, 4, aand 5.
Trucks
T
with appointments
a
s and chassiss trucks werre not goverrned by nexttlane logic iin the
ap
ppointment sccenarios to allow them acccess to all lan es. The lengthh of the approoach allowedd these
un
nrestricted drrayage truckss time to man
neuver to lannes with smalller queues. A
Another reasoon for
lim
miting the nu
umber of lan
ne restrictionss was that thhe limited nuumber of lanees available at the
PN
NCT exit gattes made it difficult for qu
ueues to form
m properly whhen additionaal restrictionss were
pllaced on the lanes.
l
Creatin
ng appointm
ment scenarioss proved to be a difficuult task, as bboth physicaal and
beehavioral adju
ustments werre necessary to
t create the sscenarios. Addditional lanee restrictions aadded
co
omplexity to vehicle moveements at the entrances andd exits, whichh proved espeecially troubleesome
att the PNCT, where
w
space was limited due
d to both too narrownesss (10 lanes w
wide at the enttrance
an
nd 6 lanes wide at the exit)) and geometrry. These diffficulties highllight the impoortance of tailloring
siimulations to individual teerminals, as differences
d
pplay a large roole in the efffectiveness of gate
sttrategies at individual term
minals.
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FIGUR
RE 24 EXIT LANE
L
REST
TRICTIONS
S AT THE PN
NCT, APPOIINTMENT
SCENARIO
OS
3..4 Modeling delays at terrminal gates
a a result off in-gate proccessing. As bbriefly discusssed in
Delayss at terminal gates occur as
th
he introducto
ory section, in-gate proccessing typiccally includees verifying driver’s ideentity,
deetermining th
he availability
y of a specificc container, eequipment insspection, delivering instrucctions
to
o drayage opeerators for con
ntainer pick-u
up, and dispaatching yard eequipment. T
The median inn-gate
prrocessing tim
me for a term
minal entrancee gate is 4.3 minutes and the average in-gate proceessing
tim
me is 5.1 minutes (4). Att exit gates, in
n-gate delayss are stem sollely from thee verifying thhat the
co
orrect contain
ner was pick
ked up. Redu
uction in the amount of pprocessing neeeded at exit gates
co
orresponds with
w lower delaays for these gates.
Termin
nal entrance gates have tw
wo standard cconfigurationns; one-stage and two-stagge. At
on
ne-stage entrrance gates, all
a processing
g transactionss are handledd at one gatee by employeees in
bo
ooths. At two
o-stage entran
nce gates, driv
vers completee a portion off their transacttions electronnically
beefore arriving
g at a manned
d entrance gatte to completee the entrancee process (4).. The simulatiion of
th
he PNE assum
med that all en
ntrance gates were one-staage gates. Futture research should includde the
ex
xpansion of th
hese scenarios to include tw
wo-stage gatee configuratioons.
In-gatee processing delays weree simulated uusing Paramiccs’ tolling feeature. The ttolling
feeature allows the simulatio
on to delay vehicles
v
on sppecific lanes over a speciffied range off time.
Toll
T delays wiithin Paramiccs are limited
d to a discrette uniform diistribution spllit evenly bettween
in
ntegers which
h must fall wiithin a range with a lowerr bound of 0 seconds and an upper bouund of
20
00 seconds. Delays
D
at term
minal gates were
w
assumedd to follow a nnormal distribbution; thereffore it
was
w necessary
y to model eaach terminal gate
g
using a sseries of threee tolls wheree, according to the
ceentral limit th
heorem, summ
mation of uniiformly distribbuted delays would approoximate the nnormal
diistribution.
The laane restriction
ns described in
i Section 3.33.3 allowed foor variations in delays bassed on
veehicle type. The
T mean dellay for an enttrance gate onn a lane whicch serviced container truckks (or
an
ny combinatiion of drayag
ge vehicles which
w
includded containerr trucks) wass represented by a
no
ormal distribution with a mean of 4.5 minutes. Deelay for thesee lanes was aapproximatedd with
to
olls that had delays
d
with a range
r
from 40
0 to 140 secoonds.
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Entrance gates that serviced chassis trucks (or combinations which included chassis
trucks) were given delays with a range between 20 and 70 seconds, which approximated a normal
distribution with a mean delay of 2.25 minutes. The reduction in delay for this vehicle type was
based on the assumption that inspection times for vehicles without containers would be reduced.
For chassis trucks destined to the Maher terminal, delays were split between the chassis depot and
the terminal. Therefore, the delay at the terminal and the chassis depot for this vehicle type was
simulated with a toll that had a range between 10 and 35 seconds. Summation of delays from the
chassis depot and the terminal equaled the assumed delay of 2.25 minutes for chassis trucks. This
adjustment was made because it was assumed that in-gate processing which occurred at the
chassis depot entrance gate would not be repeated when the drayage truck arrived at the terminal
entrance gate.
Inspection delays for entrance gates servicing only bobtail trucks were reduced to a
normal distribution with a mean of 1.25 minutes due to the further elimination of equipment
inspection. All exit gate delays were estimated to be half of the delay for the corresponding
vehicle type at an entrance gate. This reduction was based on the fact that in-gate processing
delays at exit gates are known to be simpler than delays at entrance gates.
In addition to in-gate processing delays terminal gates, the model was built to capture
delay resulting from trucks showing up before terminal gates open. This phenomenon was
modeled through the creation of periodic link files, which allowed links to be configured
separately for each period of the simulation (periods were set in one hour increments). Demand
was generated for the terminals between 5:00 AM and 6:00 AM, but the periodic file of the links
was adjusted to close all but one lane for each vehicle type (at least one lane had to remain open
for each vehicle type representing drayage trucks, otherwise Paramics would generate an error
and would not release the drayage trucks into the simulation). This produced queues during the
first hour of the simulation which represented drayage trucks showing up and idling as they
waited for the gates to open. The periodic files were removed from the flat demand scenario, as
this scenario is meant to represent the best case scenario.
Simulating entrance and exit gates using the Paramics tolling feature allowed the model
to capture changes that occurred due to the application of various gate strategies. The simulation
captured queues that formed due to trucks arriving prior to the opening of terminal gates as well
as queues that formed due to peaks in demand. Accurately representing terminal gate transactions
was the key component of this model’s ability to assess the effectiveness of terminal gate
strategies.
3.5 OD development
Upon establishing the physical aspects of the model, it was necessary to determine where
the vehicles within the simulation would be coming from and where they would be destined to.
The detailed data made available through the work of Dougherty (8) and Spasovic (9) was used to
create the base OD of the PNE. The following is a list detailing the data used to create the base
OD for the model:
 Hourly demand of the PNE broken into entering and exiting vehicles.
 Demand at the PNE entrances during peak hours (peak hours were given as 7:00-8:00
AM, 12:00-1:00 PM, and 3:00-4:00 PM), separated by whether the vehicles were
entering or exiting as well as by vehicle type.
 Peak hour demands for terminals within the PNE.
 Peak hour turn counts for intersections within the PNE.
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This data was used as to create a set of origins and destinations that would cover the 24hour period of the simulation. An algorithm was written using MATLAB 7.7.0 (R2008b) (27) to
automate the OD development. The algorithm was developed and used in lieu of the Paramics
Estimator to give the user greater control over traffic assignment. In particular, the algorithm
allowed for a more concise split of demand between cars and trucks and produced an OD that
reflected the assumption that all traffic generated within the PNE would be destined to one of the
exits. The algorithm also assumed that no through traffic or intra-port traffic occurred in the
simulation (other than trucks using multiple strategic waypoint zones). Therefore, all traffic
released into the simulation from an “other” zone would be destined to a zone that represented an
exit of the PNE, and conversely, vehicles released into the simulation would be destined either to
a vehicle sink representing an “other” zone or would pass through a series of strategic waypoint
zones representing the terminals and be removed at a zone representing an exit from the PNE.
Four scenarios were developed for evaluation: the current pattern of operation (CPO),
extended hour, appointment, and flat demand scenarios. The CPO scenario was used to represent
current gate operations at the PNE. The extended hour scenario is meant to represent the demand
shift that would due to both longer operational periods at terminal gates and the application of
fees to peak-hour drayage movements. In the appointment scenario, a specific number of lanes
were converted from their function in the CPO scenario to appointment lanes. Changes in the gate
operations of the appointment scenarios effected both demand patterns and length of delay at
terminal gates. The final scenario was the flat demand scenario, which represents a hypothetical
demand pattern for which all drayage truck demand was spread evenly over a 24-hour period.
This scenario represents the best-case scenario for the terminals and was used to measure the
effectiveness of the gate strategies.
3.5.1 CPO OD scenario development
The CPO OD represents known demand patterns at the PNE and was created in the first
steps of the algorithm. Hourly demand (Dh) of the PNE was known, so the first step of the
algorithm was to separate hourly demand by vehicle type (v). The portion of demand (given as a
percentage) of cars and trucks (Pv) was given for peak hours. These percentages were expanded
beyond the peak hours using the following assumptions:
 90% of demand during non-operating hours of the terminals (10:00 PM-6:00 AM)
would be passenger cars and the remaining 10% would be “other” trucks.
 Demand distribution for hours between the opening of the terminals and the AM peak
period (6:00 AM-8:00 AM) would be the same as the values given for the AM peak
hour.
 The remaining values (8:00 AM-10:00 PM) would be linearly distributed between
given values.
Upon expanding vehicle percentages to 24 hours (Pvh), the hourly demand was multiplied
by vehicle percentages to determine hourly demand for the PNE by vehicle type (Dvh). The values
for Dvh are shown in Figure 25.
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FIGURE 25
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TABLE
T
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Orig
gin/Destination
APM
Maher
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Other

North
90%
20%
5%
50%

Port
5%
70%
80%
25%

D
Doremus
5%
10%
15%
25%

The seecond variablle (Xh) represented the houurly percentaage of vehiclees that entereed and
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xited the PNE
E. The final variable used
d to create thhe passenger car OD was created to correct
co
ongestion at signaled
s
interrsections of th
he PNE. It waas determinedd through visuual observatioons of
eaarly simulatio
on runs that th
his congestion
n was causedd by demand bbeing released at one end of the
PN
NE and haviing destinatio
ons at “otherr” zones on tthe opposite end of the P
PNE. The vaariable
(O
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∗
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∗
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(2)

∗
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Once the passenger car OD was developed, a second matrix, composed of trucks assigned
to “other” destinations within the PNE, was created. The algorithm adjusted the value of Dvjh
from the passenger car matrix to reflect demand for “other” trucks. The values for “other”
vehicles were held constant over all of the scenarios (except future scenarios, where values for
“other” vehicles were increased by the same percentages as drayage trucks), as demand patterns
for these vehicles were assumed to be unaffected by the introduction of gate strategies at IMCTs.
The next set of ODs created by the algorithm represented drayage trucks. Hourly demand
for each terminal (Dvjh) had been determined in previous steps of the algorithm. Dvjh was
combined with two variables, each of which had a separate function in distributing demand to the
terminals.
Truck type percentage (Tv) split demand into three truck types (i.e. container, chassis, and
bobtail). The values for Tv were 55% for container trucks, 25% for chassis trucks and 20% for
bobtail trucks. These values matched the values taken from a limited number of observations that
were made using satellite imagery. The second variable (DPje) distributed demand among zones
which represented entrances to the PNE (e) according to the terminal for which demand was
generated (j). The values used for DPje are shown in Table 7.
TABLE 7 Distribution of Truck Demand by Type
Entrance/Exit
North
Port
Doremus
North
Port
Doremus
North
Port
Doremus

Container Trucks
Trucks w/ Chassis
North
Port
Dor.
North
Port
Dor.
APM Terminal
2.5%
2.5% 2.5% 2.5%
2.5%
2.5%
2.5% 80.0% 2.5% 42.5% 40.0% 2.5%
2.5%
2.5% 2.5% 2.5%
2.5%
2.5%
Maher Terminal
2.5%
2.5% 2.5% 2.5%
2.5%
2.5%
2.5% 80.0% 2.5% 42.5% 40.0% 2.5%
2.5%
2.5% 2.5% 2.5%
2.5%
2.5%
PNCT
2.5%
2.5% 2.5% 2.5%
2.5%
2.5%
2.5% 80.0% 2.5% 42.5% 40.0% 2.5%
2.5%
2.5% 2.5% 2.5%
2.5%
2.5%

Bobtail Trucks
North
Port
Dor.
2.5%
2.5%
2.5%

80.0%
2.5%
2.5%

2.5%
2.5%
2.5%

2.5%
2.5%
2.5%

80.0%
2.5%
2.5%

2.5%
2.5%
2.5%

2.5%
2.5%
2.5%

80.0%
2.5%
2.5%

2.5%
2.5%
2.5%

The values shown in Table 7 represent percentage of truck demand for each OD
combination, separated by vehicle type and terminal. It was assumed that most trucks would use a
route which minimized travel distance, therefore the largest percentage of trucks were distributed
to entrances closest to their destinations. Truck ODs were created using the following equation:
∗

∗

∗ 0.65

(3)

It was necessary to reduce demand in the truck ODs using a constant because the use of
strategic waypoint zones had eliminated demand which originated from the terminals in the given
traffic counts. Initially, the constant was set at 0.50 but, after attempting to match turn counts in
early simulation runs with known turn counts, it became apparent that this reduction excessive.
After several iterations, a reduction of 35% of terminal demand was shown to approximate
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observed turn counts. Had this constant not been used in the drayage truck OD calculations, the
algorithm would have doubled total demand for the terminals using the given data because the
traffic counts included both trucks arriving at and departing from terminals.
3.5.2 Extended hours OD
Once the CPO OD was developed, the next step was to create a set of extended hour
scenario ODs. As mentioned earlier, the only changes that would occur in the creation of an
extended hour scenario would be made to drayage trucks. The goal of extending terminal gate
hours is to divert a percentage of demand from peak hours to off-peak hours. The most effect
extended gate implementation (10) used a fee to encourage movements to occur during off-peak
hours. The use of such fees created a second, smaller peak in demand which occurred the first
hour during which the fees were not assessed. This second peak occurs from 6:00 PM to 7:00 PM
and simulates drayage operators attempting to avoid peak hour fees. The hourly distribution
pattern used to simulate the extended hour scenario is shown in Figure 27.
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FIGURE 27 DEMAND DISTRIBUTION FOR EXTENDED HOURS SCENARIO
Extended gate hour ODs were created by multiplying the 24-hour value of each
terminal’s demand from the CPO OD to the hourly distribution percentages shown in Figure 27.
The 24-hour demand for each terminal had to remain the same to ensure that the simulation was
measuring changes due to gate strategies and not changes due to demand. Figure 28 compares
total demand from the CPO scenario to total demand from the extended gate hour scenario for
each terminal. The comparison in demand between the CPO scenario and the extended hour
scenario shows that total demand for each terminal was held constant, therefore any difference in
delays, travel times, or emissions were result of the application of extended gate hours and did not
occur as a result of a change in demand.
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FIGURE 28 DEMAND COMPARISON: CPO AND EXTENDED HOUR SCENARIOS
3.5.3 Appointment scenario ODs
The next step of the algorithm was to create a series of ODs which would represent
various demand combinations between appointment and non-appointment trucks for the
appointment scenarios. A total of 5 ODs were created to represent different appointment system
combinations. In each scenario, the percentage of trucks using the appointment systems was
increased by 10%, giving a different combination of scheduled-to-unscheduled drayage
movements. The appointment scenarios ranged from a minimum of 10% to a maximum of 50%
of terminal demand utilizing appointment lanes, with the remainder of the demand assigned as
non-appointment drayage movements.
The algorithm created appointment scenario ODs by splitting hourly demand of the base
scenario (Djh) into percentages of trucks with and without appointments. Equation 3 was used to
create an OD for appointment trucks using the adjusted value of Dvjh (with the remaining
variables unchanged from the base case). Demand for trucks with appointments was distributed
evenly throughout each operational period of the terminals based on the assumption that terminal
operators would attempt to use appointment systems to control arrival times of drayage trucks.
The total demand for each terminal in the appointment scenarios is compared to total demand for
each terminal in the CPO scenario in Figure 29.
Figure 29 shows that demand was held relatively constant over each appointment
scenario. The slight difference in demand between the scenarios stems from rounding in the
algorithm (as demand must be expressed as integers in OD matrices) and was held to less than
0.4% for each of the scenarios. As demand was held constant, any changes in travel times, delay,
and emissions between the CPO scenario and the appointment scenario would be a result of the
implementation of the appointment scenario and not occur because of a change in demand.
Five ODs were created for the appointment scenarios to determine which proportion of
appointment trucks to non-appointment trucks would best utilize the number of appointment and
non-appointment lanes established during the creation of the model. The five appointment
scenarios were only tested using base demand, as it was assumed that increasing demand in future
scenarios would only exacerbate over- and under-utilization of lanes. The evaluation of different
appointment demand combinations will be discussed in Section 4.1.
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FIGURE 29 DEMAND COMPARISON: CPO AND APPOINTMENT SCENARIOS
3.6 Modeling emissions
Emissions calculations for the PNE included all vehicle types. Three different emissions
models were considered for estimating the emissions generated by drayage operations at the port;
the Comprehensive Modal Emission Model (CMEM), the Motor Vehicle Emission Simulator
(MOVES), and Paramics Monitor plug-in. All three were capable of calculating emissions for
carbon dioxide, carbon monoxide, nitrogen oxide and particulate matter (from diesel trucks).
The CMEM model (28) was based on data which was collected from a set of vehicles that
was meant to represent a typical traffic stream. The CMEM model included a Paramics plug-in
capable of calculating vehicle emissions for 28 categories of light-duty vehicles and 3 categories
of heavy-duty diesel vehicles. The model was developed to work with Paramics version 5, where
the reporting interval of the CMEM plug-in could be adjusted using a graphical user interface
(GUI) tool. Vehicle types used to calculate emissions were matched with vehicle types defined by
the user in the Paramics simulation. The CMEM plug-in was installed in the earliest versions of
the PNE simulation and used to produce emissions reports. A report was created after every 10
minutes of simulation (the default setting of the CMEM plug-in), as the simulation of the PNE
was created using version 6 of Paramics, which removed GUI capabilities, thereby removing the
capability of the user to adjust the reporting interval of CMEM. Ultimately, CMEM was not used
to estimate emissions for the PNE as it was not possible to compile data every 10 minutes over a
24-hour simulation due to CPU capacity restraints.
MOVES 2010a, which was developed by the U.S. Environmental Protection Agency
(29), was also assessed as a possible method for estimating emissions of the PNE. After analyzing
MOVES, there were two reasons it was not used for emissions estimations. The first reason was
that MOVES did not directly interact with output from Paramics. Calculations obtained from
MOVES are based on average vehicle speed, average vehicle miles traveled, and average vehicle
counts per link. The MOVES model does not utilize the vehicle-specific data generated by
Paramics, negating one of the advantages of using a microscopic traffic simulation to estimate
emissions.

39

The second reason that MOVES was not used involved scale. MOVES is not meant to be
adjusted to a microscopic level, as project level data in MOVES scales links in miles. This
presented a problem when attempting to integrate MOVES to the simulation of the PNE because
none of the links in the Paramics model were over 1 mile long. In fact, most were segments of
less than 1,000 feet in length. It was assumed that adjusting data from the microscopic level of the
PNE simulation to the macroscopic level of MOVES would result in errors when estimating
emissions, therefore an emissions estimation that could be done in the same scale was preferred
over one in which the scale would have to be changed.
The final emissions estimation model that was considered was the Paramics Monitor
plug-in. Monitor was based in part on work performed by the Department of Transport in the
United Kingdom (24). The data used to create the Monitor plug-in was gathered from tests of
emissions outputs of various engine types and was used to relate emissions levels to vehicle speed
and acceleration. Default emissions calculations in Monitor are calculated using a
speed/acceleration unit (meters2/seconds3) and vehicle speed (kilometers per hour). The metric
values of the default emissions file were converted to English units to match the units of the PNE
simulation. The ease of use and the direct conversion of Paramics data into emissions files were
the reasons that the Paramics Monitor plug-in was selected to estimate emissions of the PNE.
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4. RESULTS
As described in previous sections, the PNE simulation was comprised of four scenarios; a
CPO scenario which represented gate operations in their current operational state, an extended
hour scenario where terminal gate operating hours were extended to 12:00 AM, an appointment
scenario where a percentage of the drayage truck demand was converted to appointment trucks,
and a flat demand scenario which represented a best-case where drayage truck demand would be
spread evenly over a 24-hour period. Each scenario was evaluated by total delay, hourly delay,
delay at the gates, travel times within the terminals, and emissions generated. Delay was
measured by subtracting free flow travel time from the actual travel time of a vehicle (24) and
was recorded as average seconds of delay per vehicle. The results shown were taken from the
average of 15 iterations of each scenario. A separate evaluation was conducted for the
appointment scenarios to determine which of the five demand combinations would yield the best
results for a specific set of gate configurations. Details of the appointment scenario evaluation are
described in Section 4.1.
4.1 Appointment scenario evaluations
A number of different gate configurations (number of appointment VS non-appointment
entrance/exit lanes) could have been used to represent the appointment scenario at the PNE. The
gate configuration selected for our model converted 30% of the entrance and exit lanes at each
terminal to appointment lanes. A total of five appointment OD combinations were created with
the following appointment-to-non-appointment truck demand patterns: 10%-90%, 20%-80%,
30%-70%, 40%-60%, and 50%-50%. Hourly delays for drayage trucks for each appointment OD
combination are shown in Figure 30.
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FIGURE 30 HOURLY DELAYS FOR APPOINTMENT SCENARIOS
Figure 30 shows that hourly delays varied between appointment scenarios. In
appointment scenarios where 10% and 20% of drayage truck demand was converted to
appointment trucks, sharp increases in delay occurred during the afternoon period. Visual

41

observation of these simulations revealed much of that increase was the result of under-utilization
of appointment lanes and over-utilization of non-appointment lanes. Congestion on nonappointment lanes was particularly noticeable at the entrance to the PNCT, where a reduction in
available lanes caused queues to reach the PNE’s primary access road. This queue delayed all
vehicles attempting to enter or exit the PNE from the north.
Conversely, appointment scenarios for which 40% and 50% of drayage truck demand
was converted to appointment trucks saw delay increases due to the over-utilization of
appointment lanes and the under-utilization of non-appointment lanes. The overall increase in
delays for the higher demand combinations was lower because congestion was occurring on
appointment lanes where in-gate processing delays were reduced.

Seconds

Each scenario was also evaluated by delays at terminal entrance gates. Figure 31 shows
APM entrance gate delays for the appointment scenarios. Under-utilization of appointment lanes
in the 10% and 20% appointment scenarios results in the increased hourly delays for these
scenarios. Delays at entrance gates remained fairly steady over the three remaining scenarios,
which indicated proper lane utilization. An uptick in delay from 5:00 AM to 6:00 AM can be seen
for each of the scenarios and is a result of trucks arriving before the terminal opens.
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FIGURE 31 HOURLY DELAY FOR THE APM ENTRANCE GATE, APPOINTMENT
SCENARIOS
Delays for links representing the entrance to the PNCT are shown in Figure 32. Delays at
the PNCT entrance had the greatest impact on the rest of the simulation because the geometry of
the terminal entrance made the PNCT susceptible to congestion problems due to slight shifts in
demand patterns. Truck delays for vehicles entering the terminal in the 10% and 20%
appointment scenarios remained consistently high from 9:00 AM until the terminal closed at 7:00
PM, which indicated that queues during these hours extended beyond the entrance and onto the
PNE’s main roadway network. The fact that much of the delay was occurring on the PNE’s
access road meant that they were not captured as delay for the entrance gate. Delay patterns for
the 40% and 50% appointment scenarios showed a reduction in total delay. This reduction in
stemmed from the fact that a greater amount of demand was shifted to appointment lanes with
reduced delay at gates.
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FIGURE 32 HOURLY DELAY FOR THE PNCT ENTRANCE GATE, APPOINTMENT
SCENARIOS
Delays for vehicles at links leading up to and including the entrance gates at the Maher
terminal are shown in Figure 33. Queues from the PNCT had an effect on delay patterns at the
Maher terminal. The 10% and 20% appointment scenarios at the Maher terminal showed a
reduction in delay between 12:00 PM and 6:00 PM. This reduction is counter-intuitive, as total
delays for the PNE increase during these periods (Figure 29). Visual observation of the
appointment scenario showed that delay reductions occurred at the Maher entrance because
queues extending from the PNCT entrance reached the PNE’s main access road during this period
and restricted the number of trucks that could reach the Maher terminal during these hours.
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FIGURE 33 HOURLY DELAY FOR THE MAHER ENTRANCE GATE,
APPOINTMENT SCENARIOS
The spike in demand that occurred in the AM period of the 10% appointment scenario
and the PM period of the 20% appointment scenario represented a lack of capacity stemming
from a reduced number of non-appointment lanes at the Maher entrance. Delays for the remaining
appointment scenarios showed proper lane utilization.
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The goal of evaluating multiple appointment scenarios was to determine which scenario
produced the greatest reduction in delays at the PNE. The 10% and 20% appointment scenarios
were not selected because excessive queue lengths at the PNCT entrance in these scenarios had a
negative impact on delays for the rest of the PNE. Similarly, queues at the PNCT entrance
increased total delays for the 40% and 50% appointment scenarios, this time due to congestion
from vehicles trying to reach appointment lanes and creating a bottleneck at the PNCT entrance.
The best results from the appointment scenarios occurred when 30% of the drayage truck demand
was assigned to appointment trucks. This scenario showed a steady delay pattern for each
terminal entrance as well as consistent delay over all links of the PNE. The 30% appointment
scenario was also the only scenario for which total delays were reduced when compared to the
CPO scenario. In all subsequent gate strategy comparisons, the appointment scenario will refer to
a scenario in which 30% of the drayage truck demand is appointment trucks and the remaining
70% of drayage truck demand is non-appointment trucks.
4.2 Comparison of gate strategies
The simulation of the PNE included three separate gate configurations: the current pattern
of operation (CPO), extended hours of operation, and an appointment system. Each scenario had
a base OD which was created using known data. Five future scenarios were developed in which
base demand was increased by 10%, 20%, 30%, 40%, and 50%, respectively. Hourly delays for
drayage trucks over the 24-hour period of the simulation are shown in Figure 34.
Figure 34 shows that under the CPO, increases in delay for the base demand OD occurred
during both the AM and PM peak periods. AM delay was caused by drayage trucks arriving at the
terminal gates prior to their opening. Increased delay during the PM period (12:00 PM to 4:00
PM) was a result of heavier truck volumes during these periods. The appointment scenario
showed similar patterns of delay, with hourly delays being consistently lower than that of the
CPO. Extending the gate hours had the effect of smoothing the delay pattern for all demand
levels.
When demand was increased to 110%, truck delays for the CPO scenario doubled during
the PM peak. Increases in truck delays under the appointment scenario appear to be correlated to
the increase in demand. Minimal increases in delay occurred in the extended hour scenario.
Increasing drayage truck demand to 120% of the base caused a significant increase in delays
during the PM peak for both the CPO and the appointment scenarios. Delays for the extended
hour scenario remained relatively constant over the operational period of the terminals.
Increasing demand by 30% caused further increases in delay for the CPO and the
appointment scenarios. The increased delay for drayage trucks in the appointment scenario
indicated that the appointment system did not reduce delays within the PNE enough to stave off
congestion. The delay pattern for the CPO began to spread out, which indicated that congestion
was starting to build prior to the PM peak and was taking longer to dissipate afterwards. The 30%
increase in demand produced a slight uptick in delay in the extended gate hour scenario, but the
overall delay pattern remained consistently low.
Increasing demand by 40% produced a large spike in delay for the CPO scenario. This
indicated that the PNE was nearing capacity under current patterns of operation. Hourly delays in
the appointment scenario began to spread out with the 40% increase in demand, indicating that
congestion was beginning to occur prior to the PM peak. The extended hour scenario continued to
display a relatively flat delay pattern.
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FIGURE 34 HOURLY DELAY
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The final increase in demand was 50%. This increase caused both the CPO and
appointment scenarios to experience large amounts of congestion over all operational hours of the
terminals as well as a large shift of delays to periods extending beyond the original operating
hours of the terminals. This indicates that these scenarios are not able to cope with a 50% increase
in demand without large amounts of congestion. Delays for the extended hour scenario increased
significantly at this level of demand as well. The flat delay pattern for the extended hour scenario
indicates that the scenario may be able to accommodate larger increases in demand.
To get a larger picture of the effect that demand increases had on drayage operations,
delay was measured over the 24-hour period for each demand level. Total delay was measured
against the equivalent value from the CPO scenario. The results of this comparison are shown in
Figure 35.
For the base OD, the appointment scenario outperformed the extended hour scenario. The
appointment system was more effective at reducing total delay because congestion was minimal
for the base OD, therefore the reduction of in-gate processing delays for appointment trucks had a
greater impact than shifting demand. For the 10% increase in demand, both the extended gate
hour and appointment scenarios reduced delays by approximately 40%.
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FIGURE 35 TOTAL DELAY
The extended hour scenario outperformed the appointment scenario when a 20% increase
in demand was applied to the base OD. For all scenarios in which the demand was increased by
more than 20%, extending hours was much more effective at reducing delays than the
appointment system, indicating that the appointment system was unable to control congestion at
the PNE beyond these demand levels.
A key part of this research was to determine the effects of gate strategies on congestion.
One of the goals of this research was to determine the delay for drayage vehicles from the time
they enter the port to the time the exit. As stated earlier, many of the previous attempts to quantify
gate strategy effectiveness lacked either representation of the roadway network or representation
of the terminals. Figure 36 shows the percentage of hourly delay that occurred within the
terminals.
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The comparison of drayage truck delay within the terminal to drayage truck delay on the
roadway network shown in Figure 36 shows how increases in demand effect the location where
delays occur. For base demand, approximately 70% of the delay for drayage trucks occurs within
the terminals. The percentage begins to drop after 5:00 PM when the APM terminal closes, as a
larger percentage of delay for the Maher and PNCT terminals occurs on the roadway network due
to their external chassis depots.
Figure 36 also illustrates how increases in demand effects congestion on the roadway
network. As demand increases, the fluctuations in percentage become greater. The AM peak
(where more passenger cars are on the roadway network) and the PM peak (large increase in
truck demand) can be clearly seen in the CPO and appointment scenarios when demand in
increased to 110%. When demand is increased by 20%, a large spike in delays on the roadway
network occurs in the CPO scenario during the PM peak. A 30% increase in demand causes both
the appointment and CPO scenarios to experience large percentages of delay on the roadway
network. At 40% and 50% increases in demand, less than 50% of drayage truck delays in the gate
strategy scenarios occur within the terminals. This data highlights the fact that gate strategies
should not be implemented without consideration to the effect that demand increases will have on
the roadway network, as well.
To determine the effect that gate strategies had on delay on individual terminals, a
comparison of delay on links leading up to and including the entrance gates to the terminals was
conducted. Results for the extended hour scenario are shown in Figure 37, which shows that
delays at each terminal gate were steadily reduced up to a 30% increase in demand. The results
varied when demand was increased by 40% and 50%. The APM terminal entrance gate showed
continued improvement in delay reductions. AT the PNCT entrance gate, delays were lower than
the CPO scenario but were increasing when compared to the base, 10%, 20%, and 30% demand
scenarios. At the Maher terminal entrance, delays were actually larger for 40% and 50% demand
increases. Observation of simulation runs where demand was increased by more than 30% and
current pattern of operations were used for the terminal gate configurations showed that queues
from the PNCT became so large that they extended into the main roadway of the PNE. These
queues obstructed vehicles entering the PNE from the north entrance, therefore the number of
vehicles able to access Maher terminals during peak hours was limited. The overall delay
increased during peak hours due to queues on the roadway network in the CPO scenario, but
delay at the Maher terminal gate was reduced as demand was unable to reach the gates during
peak hours.
The shift of demand caused by extended gate hours of operations eliminated this
congestion on the roadway, which allowed trucks destined to the Maher terminal to reach their
destination with limited delay. Therefore, the increased delays at the Maher terminal entrance
actually show that drayage operations for the extended hour scenario are improved when
compared to the CPO scenario.
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Delays at terminal gates for the appointment scenario are shown in Figure 38. Maher
terminal delays for the appointment scenario are similar to those of the extended hour scenario.
Delays for the PNCT show that the appointment scenario was less effective for demand increases
greater than 20%. Delays at the APM terminal entrance gate showed that the benefits of the
appointment scenario decreased as demand increased.
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A direct comparison of travel time within the IMCTs is shown in Figures 39, 40, and 41.
This comparison shows differences between terminal travel times in the gate strategy scenarios
when compared to the CPO scenario.
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Travel times for the APM terminal are shown in Figure 39. For the base and 110%
demand scenarios, travel times remain close to the values recorded in the CPO scenario. At
demand increases greater than 20%, travel times in the appointment scenario became higher than
the CPO scenario during the PM peak. The extended gate hour scenario continued to reduce
travel times at the terminal in a manner consistent with that found in the results from the flat
demand scenario until the demand level was increased by 40%.
Figure 40 shows the travel times recorded in the Maher terminal and chassis depot. The
base and 110% demand show patterns similar to that of the APM terminal, where all three gate
strategies show similar reductions compared to the CPO. The travel times for the extended hour
scenario began to separate from the flat demand scenario in the AM peak, with the travel times
increasing as demand increased. Travel times for the appointment scenario also began increasing
when demand was raised by 20%, but the increase occurred during the midday and PM periods.
Travel times for the PNCT are shown in Figure 41. Fluctuation between the appointment
scenario and the flat demand scenario began with the base OD. This sensitivity is a result of the
difficulty of implementing an appointment system at the PNCT due to its geometry. When
demand was increased by more than 30%, travel times for the appointment scenario were actually
higher than that of the CPO scenario. The extended hour scenario also showed greater fluctuation
in travel times at the PNCT. The travel times for the extended hours scenario start to separate
from the flat demand travel times when demand is increased by 10%, with travel times getting
further separated from the flat demand scenario as demand is increased.
The final step in our analysis was to determine how congestion at the PNE affected
emissions levels. Hourly measurements were made for carbon monoxide, carbon dioxide, oxides
of nitrogen, hydrocarbons, fuel consumption and diesel particulates. Emissions levels were
calculated for the base (100%), 110%, 120%, and 130% ODs. Emissions for the 140% and 150%
ODs were omitted, as demand levels exceeded the capacity during these simulations, thereby
skewing the emissions data. Hourly emissions for carbon monoxide are shown in Figure 41.
The hourly emission patterns shown in Figure 41 resemble hourly delay patterns shown
in Figure 34. The AM and PM peaks can be seen under both the CPO and appointment scenarios.
Hourly emissions from the extended hour scenario show the same characteristics as delay, having
a consistently smooth pattern for each demand level. Hourly patterns for the remaining emissions
categories mimic those of carbon monoxide and are included in the Appendix.
The hourly emissions patterns shown in Figure 41 show that at the base demand level, the
hourly emissions produced by the CPO, extended hour, and appointment scenarios are all
relatively similar. As demand increases, the emissions produced by the extended hour scenario
are significantly reduced when compared to the CPO and appointment scenarios.
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FIGURE 41 HOURLY CARBON MONOXIDE EMISSIONS
A 24-hour emission output for four levels of demand (i.e. base (100%), 110%, 120%, and
130%) was compared with the CPO scenario and is displayed in Table 8.

54

TABLE 8 Emissions Totals

Carbon Monoxide
Demand
Ext.
Apt.
Base
-4.7%
-2.2%
x 1.1
-16.8% -12.1%
x 1.2
-30.3% -3.6%
x 1.3
-38.4% 12.4%

Carbon Dioxide
Demand
Ext.
Apt.
Base
-5.5%
-3.4%
x 1.1
-18.8% -14.3%
x 1.2
-32.8% -8.4%
x 1.3
-41.9% 8.8%

Total Hydrocarbons
Demand
Ext.
Apt.
Base
-5.6%
-3.6%
x 1.1
-18.7% -15.4%
x 1.2
-32.4% -10.4%
x 1.3
-41.7% 6.3%

Oxides of Nitrogen
Demand
Ext.
Apt.
Base
-5.8%
-4.2%
x 1.1
-19.1% -15.1%
x 1.2
-32.8% -13.5%
x 1.3
-42.5% 3.2%

Fuel Consumption
Demand
Ext.
Apt.
Base
-5.5%
-3.3%
x 1.1
-18.8% -14.2%
x 1.2
-32.9% -7.9%
x 1.3
-41.9% 9.4%

Particulate Matter
Demand
Ext.
Apt.
Base
-5.5%
-3.9%
x 1.1
-18.2% -14.4%
x 1.2
-31.4% -13.6%
x 1.3
-41.1% 2.2%

Table 8 shows some clear patterns for gate strategy effectiveness. First, extending gate
hours becomes more effective as demand increases. Emission reductions for the base OD were
minimal (less than 6%). As demand increased, so did the benefit of extending hours. The
appointment system had an inverse relationship between demand and emission reduction. The
appointment system was most effective on small increases in demand. Once demand reached
levels which caused congestion within the port, the appointment system did not reduce emissions.
In fact, converting lanes to “appointment only” appears to have a negative impact when
congestion becomes a factor, as emissions levels for a 30% increase in demand were higher for
the appointment scenario than for the CPO scenario. Results from the 40% and 50% increases in
demand were omitted from Table 8 because it was believed that the high levels of congestion in
these scenarios prevented a significant percentage of vehicles from being released into the
simulation, thereby distorting the emissions levels.
Results from the simulation led to the conclusion that establishing appointment systems
at terminal gates can be a risky procedure. A balance must be achieved between non-appointment
and appointment lane demand that will best utilize the selected lane configuration. Failure to
reach this balance will increase delays and emissions, rather than reduce them. In contrast, an
extended gate hour program that successfully shifts demand will allow IMCTs to effectively deal
with increases in demand.
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5. CONCLUSIONS AND FUTURE RESEARCH
Despite the recent economic downturn, forecasts continue to predict that Intermodal
Marine Container Terminals (IMCTs) will experience growth in container volumes. The growth
in container volumes is expected to result in substantial increases in congestion for both seaside
and landside terminal operations. IMCTs are under pressure to come up with strategies to
accommodate the increasing demand. One of the major factors contributing to the congestion
problem is that terminal gates are open during certain hours of the day. Consequently, trucks are
forced to pick-up and deliver containers during specific hours of the day, resulting in high
demand over these periods. This phenomenon has led to inefficient gate operations that can spill
traffic over to the surrounding roadway network and cause safety and congestion problems.
The problem of congestion may also extend to the terminal yards where high demand
peaks for service on the landside coupled with capacity issues can degrade reliability and
performance of the terminal. In addition to these issues, environmental effects stemming from
idling trucks has further emerged as a serious problem, as truck emissions have been linked to
negative health conditions. Different solutions have been proposed to reduce the amount of air
pollution from drayage operations including new technologies, operational strategies, and
financial mechanisms. Due to the limited and very expensive right of way in the area surrounding
IMCTs, applying low cost and quickly implementable approaches to address mobility constraints
at IMCTs becomes more viable than physical capacity expansions.
Different operational strategies have been suggested (e.g. gate appointment systems,
extended hours of operations for terminal gates, and advanced technologies for gates and
terminals) to relieve the effects of congestion and help improve air quality. The impact of gate
strategies (either at the tactical or operational level) on drayage operation efficiency is not very
well understood, and is an area where researchers and practitioners have become increasingly
involved. A number of researchers have attempted to evaluate the effects of different gate
strategies either through simulation modeling or through before-and-after case studies of
terminals which have implemented gate strategies.
This research presents the development of a traffic simulation model capable of
measuring the impact that gate strategies will have on the levels of congestion at IMCT terminal
gates. The traffic model was used to quantify travel time, delay, and emission levels within the
terminals and on the roadway network in the vicinity of the IMCTs before and after gate
strategies have been implemented. To our knowledge this is was the first attempt in the published
literature to capture delays and emission levels at the gates of terminals using a traffic simulation
model. These delays contribute to the inefficiency of drayage operations within IMCTs, and
knowledge as to how various gate strategies affect efficiencies could prove valuable for future
planning of IMCTs. Based on results from a case study, it was concluded that the majority of
delays experienced by drayage trucks occurs at the terminal gates and that omission of terminal
gates should be discouraged as it can lead to a 70% underestimation of the delay. Results from
the case study further indicate that the most effective gate strategy for reducing congestion at
terminal gates as well as within the roadway network (as well as emissions) was extending the
terminal gate hours to divert demand to off-peak hours.
The methodology presented herein can be improved with the following future research.
First, the dataset from which the vehicle distributions and ODs were determined can be expanded
to improve the accuracy of the model, particularly data that details vehicle movements occurring
at an IMCT. Establishing the logic behind drayage movements between terminals and chassis
depots, particularly for specific vehicle types, would also improve the functionality of this model.
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Second, future research should consider the development of a delay function within the terminal
yard. The current model uses vehicle speed to represent terminal yard transaction times, which
may not accurately capture delays and emission levels. Establishing a delay function to represent
yard transactions could improve the quality of the simulation. We note that adopting this
approach would result in emissions estimation as a post-simulation process. Finally, an additional
step for future research would be to include delays that occur within the chassis depots due to
drayage operators picking up or dropping off a chassis.
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FIGURE A-4 HOURLY FUEL CONSUMPTION
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FIGURE A-5 HOURLY DIESEL PARTICULATE EMISSIONS
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