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ABSTRACT

ANALYSIS OF THE APPLICABILITY OF A NETWORK SIMULATION
MODEL TO TRAFFIC PERFORMANCE IN THE CITY OF
JEDDAH, SAUDI ARABIA
By

Hamed 0. Albar

The practicing traffic engineer has long needed a problem-
solving aid to deal with the increasingly sophisticated and complex
urban traffic flow problem. To understand the behavior of an urban
street system and to evaluate various corrective strategies implemented
on such a system, one has to construct a model that best represents the
internal relationship among components and accurately predicts the
system performance. Due to the size of the urban street network and
the random nature among vehicles and drivers, it is impossible to use
an analytical approach to model such a system. On the other hand, a
simulation model becomes appealing in modeling the large urban network.
Furthermore, with the aid of modern digital computer technology, it is
economical and practical to apply digital computer simulation modeling
in solving vehicular movement problems on a large urban street network.

Among all network simulation models, NETSIM is the most widely
used and among the most extensively validated models. This research

was conducted to calibrate the NETSIM model to be used in analyzing the



Hamed O. Albar

traffic performance in Saudi Arabia. A calibration network was
selected in the city of Jeddah, and all the required input data were
collected from the field. Data on four selected measures of perform-
ance were collected, and the program was modified until the model
output matched these data. A validation network was then selected in
the same city, and the model performance was tested. It was found that
the traffic performance in Saudi Arabia can be simulated and analyzed

using a modified NETSIM model.
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CHAPTER 1

INTRODUCTION TO THE STUDY

1.1 Introduction

In the early 1970s, as the price of oil started to increase
rapidly, oil revenue began to grow and Saudi Arabia became one of the
rich states in the Middle East. Therefore, the government initiated an
ambitious five-year development plan whose objective was to change the
country from a pre-industrial society to a modern industrialized
country. This rapid development exerted pressure on all public
utilities and facilities including the transportation system in the
country as a whole, and in major cities such as Jeddah in particular.

Jeddah, the second major city in Saudi Arabia, after the
capital, Rijadh, 1ies in the West province by the Red Sea. It is
midway between Aden and Suez, at the hub of a major highway system. It
serves a dual function. It is the main commercial port for the western
part of the country and also a chief point of entry for pilgrims to
Makkah from throughout the Moslem World. It also has the biggest and
busiest airport in the country. It is a major commercial and economic
activity center. A substantial majority of all bank offices in the
Western Region are in Jeddah. There are several small and medium-sized
factories located in the industrial zone in the city. Jeddah is also

the diplomatic center of the kingdom where all the embassies and



consulates except the Ministry of Foreign Affairs are located. The
city has one of the major universities in the country. In the last
seven years the city has experienced a remarkable growth rate. Its
popu]ation has increased from about 600,000 in 1974 to approximately
one million persons in 1981. The metropolitan area is about 100 square
miles (35).

This expansion in area and population has influenced the
traffic performance in the city. While there is considerable traffic
between Jeddah and other cities and rural areas, 1ike most cities, the
road system is most congested during peak periods. Table 1.1 shows
that the number of vehicles registered increased 52 times between 1971
and 1981 to reach 690,073 vehicles (34). By 1991, the number of regis-
tered vehicles in Jeddah is anticipated to increase nearly fourfold for
the low population forecast and nearly ninefold for the high population
forecast (base year is 1974) (39).

The study of motor vehicle accidents in Jeddah between 1971 and
1981 shows that the number of accidents increased from 347 in 1971
to 2,530 in 1981, an increase of about 730 percent. 1In 1981, there
were slightly less than four accidents per thousand vehicles and 2,997
injuries, a rate of 1.18 injuries per accident.

The number of persons killed in traffic accidents, as shown in
Table 1.1, increased from 75 in 1971 to 323 in 1981. The fatality
rates (number of fatalities per 1,000 vehicles) in 1980 and 1981 in
Jeddah were 0.56 and 0.50, respectively. Table 1.2 shows that these

rates in the United States were 0.31 and 0.30, respectively. The table



Table 1.1.--Vehicle and accident statistics in Jeddah.

Fatalities Injured No. of

Year No. of No. of per 1,000 Number per 1,000 Acci-
Vehicles Fatalities Vehicles Injured Vehicles dents

1971 13,217 75 5.7 394 30 347
1972 25,096 65 2.6 543 22 576
1973 40,950 159 3.9 1,282 31 1,081
1974 72,269 142 2.0 1,959 27 1,531
1975 113,224 206 1.8 2,790 25 2,160
1976 185,545 287 1.5 3,340 18 2,779
1977 264,266 285 1.1 2,410 9 2,341
1978 383,108 295 0.77 3,270 9 2,607
1979 475,425 341 0.72 3,439 7 2,809
1980 602,639 342 0.56 3,387 6 2,732
1981 690,073 323 0.50 2,997 4 2,530

Table 1.2.--Vehicle and accident statistics in Kuwait and the United

States.
Fatalities Injured
Year No. of No. of per 1,000 Number per 1,000
Vehicles Fatalities Vehicles Injured Vehicles
1971 158,446 233 1.5 2,718 17
1972 175,526 253 1.4 2,869 16
1973 197,777 231 1.2 2,902 15
1974 223,788 304 1.4 2,944 13
1975 272,232 367 1.3 3,168 12
1976 320,656 307 0.96 3,545 11
1977 379,101 321 0.85 3.702 10
1978 439,553 361 0.82 3,588 8
1980 164,852,000 51,077 0.31 cee .o
1981 165,732,000 49,268 0.30 cee .o




shows that the fatality and injury rates in Jeddah are also higher
than those in Kuwait (41), a developing country close to Saudi Arabia.

In another comparison, the number of traffic fatalities per
1,000 population in the United States was 0.23 in 1980 (36), in Jeddah
it was 0.43, and in Saudi Arabia it was 0.48. Table 1.3 shows that
most of the accidents occur in the city, and Table 1.4 shows that most
of the accidents are either run into vehicles (multiple vehicle) or run
on humans (pedestrian accidents). The high rate of these types of
accidents may be due to inefficient signal timing and a lack of coordi-
nation between signals.

There are approximately 120 traffic signals in the City of
Jeddah, and there is an average of 20 accidents per month at these
signalized intersections (49). A1l the signals are fixed time (no
actuated), and there are no progressive systems in the city. There are
no published studies on delay and congestion at intersections, but
experience indicates that many major intersections are congested and
oversaturated. Appendix A shows more detailed statistics on driver and

traffic characteristics in Jeddah.

1.2 The Problem
The expansion of many cities in the world has made the daily
movement of people and goods an increasingly complex problem. Since
cities depend largely on their street systems for transportation
services, the traffic engineer has the responsibility of optimizing

traffic flow and safety for the benefit of the population.



Table 1.3.--Number of traffic accidents in Jeddah (1976-1981) by time
and place of accident.

Out of

Year Day % Evening % In City % City %
1976 1,494 54 1,285 46 2,375 85 404 15
1977 1,512 65 829 35 1,864 80 477 20
1978 1,740 67 867 33 2,140 82 467 18
1979 1,943 69 866 31 2,274 81 535 19
1980 1,813 66 919 34 2,411 88 321 12
1981 1,447 57 1,083 43 1,956 77 574 23
Table 1.4.--Number of accidents by type in Jeddah (1978-1981).

Run Into Run On Run Go Off
Year Vehicle Other Human Animal Fire Down Road Other
1978 1,169 142 849 5 2 344 5 91
1979 1,297 90 914 4 3 417 13 7
1980 1,169 133 987 .o 1 331 16 95
1981 1,077 125 843 6 17 335 8 119

The evaluation of comprehensive street system improvements is

compiicated by the large number of alternatives available, the inter-

relationships among the design variables, and the infeasibility of

conducting large-scale experiments to test design options.

In most

cases, limitations of time and cost, together with the need to avoid

undue disturbance of existing traffic movements, make extensive field

experimentation impossible.

mentation can include accidents, injuries, and even human 1ife.

In addition, the consequences of experi-



The introduction of computer-based mathematical simulation
models has enabled traffic engineers to determine the effectiveness of
proposed changes in the transportation system without actually imple-
menting and testing them. The digital computer is particularly effec-
tive in providing the medium for exercising traffic simulation models
and their interaction with external management and control measures.
Thus it provides the analyst with a very convenient laboratory for
experimentation, evaluation, and design.

These simulation models are designed to represent the behavior
of the physical system if all the variables affecting the traffic
system are identified within the model. Such variables include: road
and intersection geometrics, traffic flow and volume, speed and turning
movements, type of control, timing plans, and traffic composition.

In developed countries, such as the United States, these
variables are generally easy to measure. In fact, there are
numerous studies that have used the most sophisticated equipment
and methods to collect and gather data to be used in the models. 1In
addition, computerized filing systems are available to recall detailed
historical traffic data. In contrast, in developing countries such as
Saudi Arabia, the data-collection system is undeveloped and very few
traffic studies have been conducted. Most of the data collection is
done manually.

Since driver performance characteristics differ from one
society to another, depending upon their experience with modern

technology, traffic variables such as headway distributions, gap



acceptance, turning speeds, and signal phase response will also be
different. The pedestrian behavior also differs between Saudi Arabia
and the United States, as people are not accustomed to crossing the
streets at intersections only or when the signal permits. Pedestrian
conflicts are more prevalent, and greater delay in moving in the
network is expected.

Therefore, to use existing simulation models for analyzing and
improving traffic performance, at least calibration of the data is
needed, 1f not further modification and variation in the simulation

program.

1.3 _Objectives of the Study

This research i1s designed to achieve the following objectives:

1. To explore similarities and differences in traffic per-
formance on urban networks between the United States and Saudi Arabia.

2. To assess the applicability of the NETSIM model to Saudi
Arabia.

3. To adapt NETSIM or another network simulation model for use
in the analysis of the traffic performance in Jeddah.

4. To collect data on a 1imited street network in Jeddah to
use as input data for a computer simulation of the network and to
collect additional data on a different network to test the accuracy of
the simulation model.

5. To conduct a parametric analysis on the simulation model to
determine which internal relationships (1f any) need to be modified to

calibrate the model for Saudi Arabian conditions.






CHAPTER 2

LITERATURE REVIEW

The use of traffic simulation models in analyzing traffic
performance has been the subject of extensive research, in spite of the
relatively short age of these models. As the models have evolved and
become more reliable and sophisticated, their use in more complex
traffic situations has also increased. Among all traffic simulation
models, network simulation models are the most widely used. This
1iterature review was conducted to determine the reliability and
applicability of the network simulation models in general and the
NETSIM model in particular in analyzing traffic performance in the
United States, and developing the hypotheses to be tested in this

study.

2.1 Why Simulation?

Since the beginning of traffic engineering, one of the most
demanding problems has been predicting, in quantitative terms, the
effects of various traffic control strategies on real traffic. This
problem has not been easy to solve because traffic is a complex
phenomenon, difficult to characterize numerically. Mathematical models

adequately describing highly idealized and simplified conditions were



developed, but these early models could not portray real-world traffic
accurately.

Attention soon turned to discrete event simulation, a promising
technique that uses logic and analytical and empirical relationships to
analyze the behavior of complex traffic systems. The advantages of
simulation techniques are:

1. They provide the analyst with a means of addressing complex
"systems" problems made up of many interrelated parts, each of which is
subject to considerable variability.

2. They permit the engineer to focus on specific portions of
an overall problem, under conditions of at least partial "experimental
control."

3. They allow the user to experiment freely with new ideas
before committing the financial resources necessary to implement them
in the field.

4. They are generally considerably quicker, more flexible, and
less expensive than other forms of complex, analytical evaluation.

The main shortcoming of the simulation technique was the
overwhelming number of computations required to represent the many
interrelated events that take place in traffic. Therefore, traffic
could not be simulated 1n a practical manner until the digital computer
with its unprecedented computational speed was developed. Shortly
after the introduction of early computers in the mid-1950s, traffic

simulation models, in the form of elaborate computer programs, began to
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be created to represent single intersections, short sections of

freeways, urban arterials, and even urban networks.

2.2 Classification of Models

The network simulation models can be classified as either
microscopic or macroscopic in design. Macroscopic models represent the
traffic stream in some aggregate form (e.g., employing a fluid flow
analogy or a statistical representation). Daniel Gerlough (11)
developed one of the first macroscopic network simulation models in
1960. He used many approximations which made the model rather rough
and the evaluation of the effectiveness of various changes imprecise.
James Kell (12) in the 1960s developed several specific intersection
simulations models. These models dealt only with two-lane roadways and
thus had 1imited applicability. W. B. Cronje (22) deveioped a model for
the optimization of fixed-time signalized intersections in 1981 which
was applicable to undersaturated as well as oversaturated conditions.

Microscopic models describe the detailed, time-varying trajec-
tories of individual vehicles in the traffic stream. They represent
the ultimate in detailed treatment. Each vehicle is identified and its
position, speed, and acceleration are kept in memory.

Some authors (18) have identified a third class of models, the
platoon models. These models are a half-step toward detailed realism
and simulate the behavior of vehicles grouped into platoons whose
location, speed, and acceleration are tracked by the program. Platoon
speed js usually a function only of the general density of vehicles in

the platoon, thus avoiding complicated car-following calculations.
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The macroscopic models offer the advantage of lower computa-
tional cost, while the microscopic models are, in general, more accu-
rate because they make fewer assumptions. However, their requirements
for computer resources retarded their development in times when these
resources were very limited. The advent of the third-generation com-
puters in the mi1d-1960s made possible the development of microscopic

models such as UTCS-1, which later became NETSIM (15).

2.3 Traffic Simulation Models

Currently, there are three classes of traffic simulation
models: single road, single intersection, and network models. Among
the single road models, freeway models used to study merging, ramp
metering, the effect of traffic composition, and incident detection
phenomena are becoming common. Hsu and Munjal (42) have prepared a
review of single road freeway models, and May (50) provides a compre-
hensive survey of models for freeway corridor analysis, including their
historical development and applications.

Single intersection models have generally been built for a
specific purpose and are not widely applicable. Perhaps Webster's is
the best-known example of a single intersection model. This model was
used to study the effects of isolated traffic control signals on
intersection delay (18).

Network models are more complex. Some represent surface
streets only; others can include freeway networks. These models are

very useful in testing signal control strategies, traffic diversion
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strategies, proposals to add or delete streets from a network, and
similar network modifications (40).

Gibson and Ross (8, 18, 40) reviewed 19 network simulation
models. They reported that ten of them are obsolete and three are
limited-application signal optimization programs. Their conclusion was
that the other six traffic simulation models have been a success and
their users were generally pleased with the results obtained.

Gibson (44) provided a catalog of 104 documented computer
models for traffic operations analysis. The models were classified
according to the geometrics of the application (intersections,
arterials, networks, freeways, and corridors). Only ten of these
models were considered practical in the sense that they produce useful
results. The models are:

1. SOAP . . .. ¢ e e e e e+ 1intersection optimization
2, TEXAS . . ... ... . detailed intersection simulation
3. PASSERII . . . ¢« ¢ ¢ ¢ ¢« ¢« « « o arterial optimization
4, PASSER III . . . . . . diamond interchange optimization
“5, SUB ... e s e+ . arterial bus simulation
6. TRANSYT=7F &+ ¢« ¢« ¢« « o « « « « « « network optimization
7. SIGPO III . ¢ ¢« ¢« ¢« ¢« ¢« « « « « « « network optimization
8., NETSIM . . . ¢ ¢ ¢« ¢ ¢« ¢ ¢ ¢ « « « o network simulation
9. PRIFRE . . ¢ ¢« ¢« ¢« ¢« ¢« « o« « « « « freeway optimization

10, FREQ3CP . & &+ ¢ ¢ ¢ ¢« ¢ ¢« « o« o« o « o freeway simulation

MacGowan and Fullerton (10) have traced the evolution and

accomplishments of the Urban Traffic Control System (UTCS). The
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initial objective of UTCS was to develop advanced operational control
programs. The project objective was later expanded to include develop-
ment and testing of control strategies using simulation techniques;
testing of the strategies in a real-l1ife environment test facility in
Washington, D.C.; and improvement of performance evaluation techniques
for measuring the efficiency of the new strategies. To test and evalu-
ate these alternative network strategies, an analytical model was
needed. FHWA sponsored the development of such a model, which was
originally designated UTCS-1 because of its relation to the UTCS proj-
ect but was renamed NETSIM.

UTCS-1/NETSIM was developed by Peat, Marwick, Mitchell, and
Company and GASL. It is based on the DYNET model and is fully
microscopic. The NETSIM model has been validated against field data
collected in Washington, D.C., Utah, California, and New Jersey. Among
all the network simulation models, NETSIM is the most widely used. It
has been used successfully in numerous applications throughout the
country.

Hagerty and Maleck with the Michigan DOT (3) have used NETSIM
in analyzing geometric and signal system alternatives. It has also
been used to evaluate corridors at the transportation planning level
and to evaluate signal installation requests.

Labrum (4) described the experience with NETSIM studies at the
Utah DOT. They have used it extensively to evaluate traffic control
strategies for single intersections, arterials, and grid networks, as

well as to analyze pedestrian control problems, bus system plans, and
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fuel consumption and emission rates. They have found that "the NETSIM
model is a very useful tool in solving a wide variety of traffic
control problems."

Hurley and Radwan (5) have used NETSIM for research in a
university environment. Most of the research described analyzes the
effects of traffic signal timing on fuel consumption and vehicle delay.
They concluded that to use this model as a research tool, improvements
in these components of the program logic and program documentation
are needed.

Nemeth and Mekemson (13, 37) compared NETSIM and SOAP in
analyzing pretimed and actuated signal controls at intersections. The
results of their studies indicated that both methods are reliable.

Although the UTCS-1 model was originally developed to simulate
an urban network, its detailed treatment of intersection behavior in
addition to its great flexibility makes it an appropriate candidate for
a single intersection simulation model. Cohen (17) has modified and
v$11dated the UTCS-1S model for use in the analysis of traffic per-
formance of single urban intersections. The modified model has been
successfully tested and compared to two other single intersection
simulation models.

Bruce Schafer (51) has used NETSIM in a comparison of
alternative traffic control strategies at a T-intersection. His
opinion was that "the NETSIM computer simulation model further expands
the traffic engineer's ability to analyze and evaluate alternatives in

a cost-effective manner."
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Davis and Ryan (38) have compared NETSIM results with field
observations and Webster predictions for isolated intersections. They
found "no significant difference between NETSIM results and field
observations or the Webster technique for the condition simulated."

Berg and others (32) have used NETSIM to evaluate signal timing
plans for an oversaturated street network. After calibration of the
model, they reported that they were able to select the best plan,
saving a considerable amount of manpower and several months of field
observations.

Hani Mahmassani and others (52) used NETSIM in an exploratory
study of network-level relationships arising in an isolated network
with a fixed number of vehicles. The results were analyzed with
respect to the study objectives, yielding useful insights into network-
level traffic phenomena and suggesting some modifications in order to
use the NETSIM model in analyzing such problems. Their suggestions
were:

The introduction of short and long term rare events and blockages,
in addition to heavy vehicles, pedestrian interference, driveways
and parking maneuvers is 1ikely to improve the realism of this
representation. However more fundamental modifications in the car-
following and lane-switching procedures embedded in NETSIM may be
required.

To enhance the NETSIM program, Hurley, Radwan, and Benenelli
(24) modified an existing fuel-consumption model in a form that is
suitable for insertion into the NETSIM program.

To reduce some of the difficulties associated with the NETSIM

model, such as extensive data preparation, tedious debugging, and
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voluminous printouts, Chin and Eiger (31) developed a network
simulation 1nteractive computer graphics program (NETSIM/ICG).
Current development in network simulation modelling 1s being
done by the Office of Research of FHWA (25). They are developing a
system of traffic simulation models named TRAF. This system is
designed to represent traffic flow on any existing highway facility.
It will consist of both microscopic and macroscopic model components
for urban networks and freeways and a microscopic component only for
two-lane rural roads. NETSIM is among the components that are being
integrated 1nto TRAF.
Regarding the application and use of NETSIM in locations other
than the United States, the investigator found only one paper, by Yagar
and Case (47), that summarizes the evaluation of NETSIM in Toronto.
The version of UTCS-1 used did not have provision for changing splits,
offsets, or cycle length from one subinterval to the next, in order to
study different signal control plans between subintervals. To accomp-
11sh this, another subroutine similar to PRSIG (where signal codes are
primed initially) was added to the program, and changes were performed
on routine UPSIG. They concluded that:
The above modifications performed by a person who had not developed
the original UTCS-1 model demonstrated that the model can be made
to perform the types of operations required of it with some
intimate knowledge of the program and its routines.

Although traffic conditions and driver characteristics in the United

States and Canada are similar, modifications in the program were

needed.
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2.4 Conclusions

The conclusions from the above background review are the
following:

1. Traffic simulation is an important, reliable tool for
traffic engineers and transportation planners.

2. Among all network simulation models, NETSIM is the most
widely used and among the most extensively validated models.

3. Due to the relatively recent development of NETSIM, it has
not been used widely other than in the United States. The application
and use of the model in different societies and locations may enhance

the program,



CHAPTER 3

THE NETSIM MODEL

One of the major objectives of this project is to assess the
applicability of the NETSIM model to Saudi Arabia. Since the NETSIM
model utilizes certain embedded values in simulating a network, it is
important that the effect of these values be understood. Therefore, a
brief description of the model has been summarized from the NETSIM User

Guide (FHWA, 1980) (1).

3.1 Model Structure

The NETSIM model was designed primarily to assist in the
development and evaluation of relatively complex network control
strategies under conditions of heavy traffic flow. It is particularly
appropriate to the analysis of dynamically controlled traffic signal
systems based on real-time surveillance of traffic movements. The
model may also be used, however, to address a variety of other simpler
problems, including the effectiveness of conventional traffic
engineering measures, bus priority systems, and a full range of
standard fixed-time and vehicle-actuated signal control strategies.

It is set in a flexible, modular format which permits its

efficient application to a wide variety of design problems. It
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includes a set of "default" values for most input parameters, thereby
avoiding the need for detailed calibration in a particular area.

The model is based on a microscopic simulation of individual
vehicle trajectories as they move through a street network. Each
vehicle in the system is treated separately during the simulation. An
array of performance characteristics is stochastically assigned to each
vehicle as it enters the network, and its behavior is governed by a set
of microscopic car-following, queue discharge, and lane-switching
rules. A1l vehicles are processed once every second and their time-
space trajectory recorded to a resolution of 0.1 second.

The NETSIM model is based, in part, on two earlier network
simulation models: the "DYNET" model developed by E. Lieberman and an
earlier predecessor model, "TRANS" developed by D. Gerlough and
F. Wagner. A1l three formulations describe a street network in terms
of a series of interconnected 1inks and nodes, along which traffic is
processed in a series of short time-steps subject to the imposition of
varying forms of traffic control. The major differences among the
models are in their level of detail, the sophistication of their inter-
nal logic, and their capacity to respond accurately to widely varying
traffic conditions and increasingly complex control schemes.

NETSIM is the most detailed and complex of the three. The
model is divided into three major components or "modules" (see
Figure 3.1):

Module #1=--"NETSIM Pre-Processor"

Module #2--"NETSIM Simulator"
Module #3--"NETSIM Post-processor"
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The "NETSIM Pre-Processor" is designed to simplify the process
of preparing and checking data inputs. It includes a comprehensive set
of automatic "diagnostic checks" which are performed on all data
inputs. It may be operated independently, or it may be integrated
directly with the main program.

The "NETSIM Simulator" contains the main simulation program.

It consists of 74 separate routines, which may be 1inked together in a
variety of optional configurations depending on the requirements of the
user. The simulator requires as input a coded description of a street
network, together with a pre-specified control plan and a set of input
volumes. Its output includes a set of standard measures of traffic
performance, expressed as both 1ink-specific and network-wide values.

The "NETSIM Post-Processor" consists of a set of standard data
manipulation and evaluation routines designed to operate on the outputs
of the main simulation program to compare the results of two or more
simulation runs, construct a "historical"™ data file summarizing their
results, and subject the resultant data set to a set of standard
statistical analyses. Figure 2 illustrates the logical flow for the
main executive routine within the "™ETSIM Simulator." Figure 3 shows

the major features of the NETSIM model.

3.2 Input Requirements
The input data required to operate the model may be grouped

under two separate headings: 1location-specific parameters, reflecting
the particular characteristics of a given network 1ink or intersection,

and phenomenological measures, which are assumed to remain constant
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Main Program, SIMUL

4

(3) —»| Read Title Card

<

Clear all COMMON Storage Arrays: then
prime with embedded calibration data

v

Read (and write) all Link Cards and
? perform all Diagnostic Checks

<

Process inputs and perform additional tests

4

If any options are requested, read (and write) the
necessary input data and perform diagnostic tests

v

Read Signal Cards and check (first subinterval, only)

v

Read all Flow Rate Cards and check data

<

Execute program to initialize system (first subinterval)

¥

Execute central control loop to perform traffic simulation for this subinterval.
Increment the clock in one-second intervals.

MOVE Routine: Process all vehicles that were queued at beginning of
time-step.

. MOOV Routine: Process all remaining vehicles on network.

3. SVEH Routine: Emit new vehicles along entry links in accordance with

specified flow rates.

. PRKD Routine: Emit new vehicles from intra-link source nodes as per

specified flow rates.
UPSIG Routine: Update all signals.
CLNUP Routine: Accumulate statistics and perform diagnostics.
Print statistical results as specified.

)

Subinterval complete

v

Write results

New Subinterval J, Case Completed
® O ®
"I' V

Figure 3.2.--Logic flow for NETSIM executive routine.
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. MICROSCOPIC, STOCHASTIC SIMULATION OF INDIVIDUAL
VEHICLE MOVEMENTS

. SIMULATION OF FULL RANGE OF CONTROL FEATURES,
INCLUDING:

. "Stop" and "yield" signs

Turn controls

Parking controls
Fixed-time signals
Vehicle-actuated signals

Real-time traffic control and surveil-
lance systems

. MODULAR STRUCTURE INCORPORATING DETAILED
TREATMENT OF :

. Car following behavior

. Network geometry

Grades

Bus traffic

Queue formation

Intersection discharge

Intra-link friction and mid-block blockages

Pedestrian-vehicular conflicts

. PROVISION FOR FLEXIBLE MIX OF STANDARD OUTPUT
MEASURES

Figure 3.3.--Major features of NETSIM model.
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across the entire network to be simulated, regardiess of the location
of a specific 1ink or intersection. Specifically, the following input
data are required:

1. For each network link: number of moving lanes, length,
capacity of left-turn pocket, desired free-flow speed, mean queue
discharge rate, turning movements at downstream node, identification of
receiving 1inks, pedestrian volume, and lane channelization.

2. At each intersection: complete specification of signal (or
sign) control, including sequence and duration of each phase and
identification of signal facing each approach.

3. Traffic demand: specified as flow rate (VPH), percentage
of trucks admitted onto the network along input (entry) links and from
internal source nodes, and rate of extraction of vehicles at sink
nodes.

4. Duration of simulation subintervals and specification of
output options.

5. As an option, specification of bus system (routes,
stations, mean headways, and mean dwell times) and frequency and

duration of events.

3.3 Output Characteristics

The NETSIM model provides a comprehensive range of output to
describe the input data set, the status of the simulation exercise, and
results of the simulation. The input data set for each subinterval is

printed out in tabular form. The card 1isting of the input data is
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also optionally printed out at the beginning of the simulation. Al1l
input data are checked for completeness and consistency by the prepro-
cessor component of the model. When errors are found, execution is
aborted, and appropriate error messages are printed.

A comprehensive set of traffic performance measures (MOP) is
generated either as standard output at the end of each subinterval or
as intermediate output at the option of the user. Most of the MOP are
produced for each individual 1ink and for the network as a whole. The
intermediate output option provides additional detailed information for
individual 1inks. These data are useful in the analysis of microscopic
traffic behavior over time.

The postprocessor component of the model provides detailed
comparisons of the traffic performance measures generated during two
separate model runs. These comparisons are made for each individual
1ink and the network as a whole, for each time period (subinterval),
and for the entire duration of the simulation. The individual 1ink and
network-wide measures are statistically analyzed with the paired-
comparison t-test, the Wilcoxin signed-rank test, the Mann-Whitney
u-test, and the one-way analysis of variance to determine the level of

significance of the difference.

3.4 User Options

A number of major user options are included in the phase II
model. These options are:
1. Diagnostic checking of multiple input files with optional

execution.
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2. Storing and revision of input data sets on tape for future
recall and update.

3. Modification of embedded input parameters, using study
format data cards. (This is one of the options used in this study.)

4. Storing of model output on tape for future statistical
module.

5. Simulation of traffic actuated signal control.

6. Simulation of a surveillance system comprising various
types of detectors.

7. Simulation of bus traffic.

8. Simulation of transient blockages within the traffic
stream.

9. A variety of standard output options, including tabulation
of origin-destination volumes.

10. Automatic system initialization.

11. Statistical analysis of model outputs.

12. Peripheral data activities.

3.5 Limitations of the Model

The present form of the model has certain 1imitations. Some of
these 1imitations are as follows:

1. Not all of the currently available real time control algo-
rithms can be modeled.

2. Capacity constraints include a maximum of 160 1{inks, 99

nodes, 60 entry 1inks, and 1,600 vehicles tracked within the system.
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3. Extensive checking of input data validity and careful
review of output results for reasonableness are required. Erroneous
conclusions can be reached due to undetected errors in input coding or
careless construction of the 1ink-node diagram.

4. Nonstandard traffic situations require the user to trans-
form the conditions into acceptable input. Unusual driver performance,
road geometrics, or pedestrian crossings require appropriate transfor-

mation.

3.6 Computer Requirements

Computer requirements for running the model are a function of
several factors: the size of the test network, the level of traffic
flow, the type and frequency of output reports, and the desired number
and length of simulation runs. The entire model is programmed in
FORTRAN IV, and it is fully operational on either IBM 05/360/370 or

CDC 6600 series computers.

3.7 The Model and Traffic Performance in Jeddah
To use the NETSIM model in traffic engineering, it is not

enough to know the model structure and features. In addition, the
traffic conditions and circumstances of the site that would be analyzed
by the model should be well understood. There are several major
differences in traffic performance between the United States, where the
model was developed, and Saudi Arabia. These differences are in driver
characteristics as well as in the traffic systems. They can be

summarized as follows:
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I. Driver Characteristics

a. Due to social security, and safety factors, the law in
Saudi Arabia prohibits females from driving any vehicle.

b. The law also prohibits drinking alcohol. Therefore, few
accidents and traffic violations are caused by this factor.

Cc. More than one-third of the drivers don't have a drivers
1icense (34), and they are not aware of most traffic regulations.

d. More than one-third of the drivers are {lliterate or
uneducated (34).

e. Experience shows that violation of traffic regulations
(such as signals, stop signs, and high speed) 15 common and expected.

f. There are more pedestrian conflicts and delays due to
multiple pedestrian crossings in all streets.

g. Experience also shows that many drivers are accepting
smaller gaps for turning at intersections, and they have a different
response to the amber phase than drivers in the United States.

h. It is common to see vehicles cluster at major intersections
instead of having a regular queue.

i. It is very common in Saudi Arabia for drivers to use the
horn to accelerate traffic at intersections when the 1ight turns green.
This habit may affect queue discharge headways and lost time of first-

queued vehicles.
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II. Iraffic Systems

a. At all signalized intersections, each approach has a
separate green phase. Thus, there are no conflicts with opposing
traffic, and the consideration of left-turn jumpers and acceptable gaps
in opposing traffic is negated.

b. A1l signals are controlled by a fixed time system.

c. Published data on specific traffic parameters such as
headways, acceptable gaps, and distributions are missing.

d. Police enforcement is weak.

e. The cycle length of many signals exceeds 100 seconds.

A1l of these differences may affect in one way or another the
program output. Therefore, a modification of the program may be
needed, which can be done through the embedded data cards, as will be

explained in the following chapters.



CHAPTER 4

METHODOLOGY

The methodology used in this research utilized the NETSIM model
to analyze the traffic performance in Jeddah. This required the
collection of input data, a comparison of model output with comparable
field measurements, model calibration, and validation of the modified

model in a second network.

4.1 Adaptation of the Model

Simulation is essentially a simplification of a real-world
situation. The results obtained from any simulation model are only as
good as the model reflects the particular real-world characteristics of
interest to the analyst. The treatment of nonstandard traffic condi-
tions may require the analyst to represent the essential operational
characteristics of the network by an appropriate set of quantified,
coded inputs.

Most of the embedded values used in the original NETSIM model
reflect drivers' performance and traffic conditions as observed in
Washington, D.C. These were expected to be different in Jeddah.
Therefore, to facilitate the application of the NETSIM program to the
analysis of traffic performance in Jeddah, calibration and/or modifica-
tion was considered for the following program imbedded driver-related

parameters:

30
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1. Left-turn jumpers

2. Amber-phase response

3. Acceptable gaps at a STOP sign

4. Intersection turning speeds

5. Lane-switching acceptable lag

6. Acceptable gaps for left-turning vehicles at intersections

7. Distribution of spillback probabilities

8. Delay due to pedestrian conflict

9. Vehicle desired free-flow speed

10. Vehicle queue discharge headways

11. Lost time of first queued vehicle

These parameters are treated in the program as embedded data
inputs. They represent default conditions that may be used to repre-
sent driving behavior either in the absence of adequate data or to
reduce the preparation of data inputs. These values embedded within
the standard load module reflect driver performance as observed in
Washington, D.C. Updating of these data is provided in the program by
means of "embedded data change cards."

The determination of appropriate values for each of these
imbedded variables and the determination of the sensitivity of model
performance to differences in these values is not an objective of this
study. Instead, a systematic variation in the value of selected embed-
ded values was conducted, and the model output compared to field obser-
vations for selected measures of performance. When the deviation

between the model results and the field observations was within the
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specified tolerance, the parameter was fixed. After calibration of the
model, its reliability and applicability to Saudi Arabia was tested on
another network in Jeddah. The parametric analysis of the model is

presented in the next chapter.

4,2 Network Selection and Coding

The task of selecting a suitable network site in Jeddah was not
an easy one. There were many construction and development projects in
the city, and the geometric design, signal control, and markings on the
streets in these areas were not normal. It was also diffifcult to
define boundaries of a chosen network due to the planning of the city
and the zigzagging of many streets.

After studying a city map and touring the city for several
days, a network that includes two major arterials and several
signalized and unsignalized intersections was selected to serve as the
study area and data-collection site. It is located in an intermediate
site between the CBD and the suburbs. To assure that site is a fair
representative of the traffic conditions of the city, the following
criteria were used 1n selecting the site:

1. The site should contain traffic signals, STOP signs, one-
and two-way streets, etc.

2. The site should not contain major abnormal or atypical
network geometry that would cause major problems of data collection or
model formulation.

3. The area should be traversed by trucks as well as private

automobiles.
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4, The site should include a representative range of typical
1ink and intersection geometrics.

-Figure 4.1 shows the physical network with the names of streets
and signals at intersections. This network was coded according to the
NETSIM program, and a 1ink-node diagram was constructed to represent
- the actual street network in the computer. Figure 4.2 shows the coded
network. Links may be either entry/exit type or internal to the net-
work.‘ Nodes are points at which vehicles enter, exit, or are con-
trolled, such as a signalized intersection. The diagram shows also the

direction of movement in the network.

Me P

The NETSIM program is capable of reporting detailed data on 16
separate performance measures for each individual 1ink and 12 separate
measures for the network as a whole. Among these performance measures,
only the following were selected as MOP for this study:

1. Travel time: average travel time per vehicle per 1ink per
simulation interval, in veh. seconds (total duration, running and
stopped time).

2, Delay: average delay time per vehicle, by link, per
simulation interval, in veh. seconds (route delay not intersection
delay, difference between total travel time and "idealized" travel
time).

3. Speed: average traffic speed per 1ink per simulation

interval, 1in mph.
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A St. (Thu-Annoorayen Street)

3rd St. (Al-Tawbah Street)

B St. (Al-Iskan Street)

% 1stSt. (Khalid Bin Al-Walid Street) %

& 2nd St. (Al-Huda Street) X%

C St. (Mohamed Suroor Al-Saban Street)

* traffic light at intersection

*

4th St. (King Fahd Street)

*

Figure 4.1.,--Physical network #1.
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4, Cycle failure: Total number of cycle failures, by link,
during simulation interval, defined as the number of times a queue
fails to clear from the discharge end of the 1ink during a green

period.

4,4 D o)

The data-collection phase was a major step in this project.
The NETSIM program requires extensive data collection to be used as a
full set of exogenous inputs. There are not enough historical traffic
data from the city of Jeddah, and it was almost impossible to obtain
all the necessary data from the files. Therefore, a series of manual
field counts, signal checks, and network inventories was done. Ten
students majoring in civil engineering at King Abdulaziz University in
Jeddah assisted in the data-collection phase. Training sessions for
those students were offered and designed to provide them with an over-
all understanding of the traffic parameters needed to be collected and
the collection methods. They were provided with field sheets and stop
watches.

The data collected from the field can be grouped as follows:

1. For each 1ink: 1length, number of moving lanes, length of
left- and right-turn pockets, pedestrian volume, turning movements at
the downstream mode, and lane channelization.

2. For each intersection: type of control (STOP, YIELD, or
signal), sequence and duration of each phase, and identification of

signal facing each approach.
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3. Flow rates (vph), and percentage of trucks admitted onto
the network along input (entry) links.

4. For comparison of MOP, the data were gathered on: travel
time, delay, speed, and cycle failure at the specified intersections
and 1inks.

The computer output, in Appendix B, shows a summary of all the
input data specified for each 1ink and each intersection approach in

the network.

4,5 Procedure and Schedule of Activities

The data-collection phase of this project started in the middle
of April 1983 and lasted until the first week of June 1983. During
this period, the weather was normal and school vacations had not yet
started, and there were no abnormal conditions that might have affected
traffic volume or other traffic parameters.

Due to the different social circumstances in Jeddah, there are
three rush-hour count periods on weekdays as follows: from 7:30-8:30
a.m,, from 1:30-2:30 p.m., and from 5:30-6:30 p.m. A 15-minute count
interval was used at intersections.

The first week was devoted to selecting and coding the network.
The second week was a training period on field data collection for the
ten participants. Four participants were assigned at major intersec-
tions to collect data on traffic volume, turning movements, traffic
composition, and pedestrian movements. Two participants were assigned
to collect data on network geometrics, and two were assigned to collect

the required data at nonsignalized intersections. Two persons with a
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stop watch determined the cycle lengths and phasing of signals. The
values of the MOP at the selected locations were determined by the
researcher and two students.

A11 the counts and readings were repeated at least three times,
and their averages were used in the program. Link lengths were deter-
mined from aerial photographs obtained from the municipality of Jeddah.
The same procedure was repeated for selecting, coding, and collecting

data for the second network.



CHAPTER 5

DATA ANALYSIS

The 1982 version of the NETSIM computer program was used in
this research. Before using the program, its performance was checked
by running the program with input from the sample problem stored on the
program tape. The output was compared with the stored output and found

to be exactly the same except for some insignificant round-off errors.

5.1 Data Reliabilif

Data reliability is essential to this experiment, since the
modifications in the program to suit Saudi Arabian conditions will be
based on these data. Data collected from the field for this project
are of two types:

1. Input data. These data include link length, number of
moving lanes, length and capacity of left-turn pockets, lane channeli-
zation, signal phases and cycle length, pedestrian volume, turning
movements, flow rates, and percentage of trucks.

2. Output data. These data were collected for the test
networks to be used in calibrating and validating the model changes.
These measures of performance (MOP) include average travel time per
vehicle per 1link, average traffic speed per 1ink, aQerage delay time

per vehicle per 1ink, and cycle failure by link.
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The eight most heavily congested 1inks of the 25 1inks in the
calibration network were selected for use in this study. For the first
two MOP, the moving-car technique was used to obtain the data. A total
of eight runs were made on each 1ink, and the means and standard

deviations were calculated using the formulas:

X = .Z Xi S = T (xi—Y)
|=] i=]
n n-1
where X = sample mean
Xy = "i" th measurement

n = number of runs

S = standard deviation

Tables 5.1 and 5.2 show the individual data and the computed means and
standard deviations of the travel time and average speed of the
selected links in the calibration network.

To calculate the average delay time per vehicle, by link, the

following equation is used:

average delay _ average travel _  "idealized" travel

time per vehicle time time

1ink length

= average travel time
g desired speed

Table 5.3 shows the average delay time per vehicle for these same 1inks.
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Table 5.1.--Travel time (V-sec) in the calibration network.

‘Link
Run #
1,2 2,1 1,9 2,1 11,2 3,4 4,3 9,8
1 23 36 56 65 59 59 51 29
2 19 31 61 61 62 54 42 33
3 17 25 65 55 67 58 44 26
4 22 39 54 62 60 51 49 30
5 2] 33 59 57 65 57 55 25
6 16 40 66 66 58 52 45 33
7 15 36 60 64 68 61 54 35
8 21 27 53 58 63 51 41 27
z X 154 267 473 488 502 443 381 238
X 19.3 33.4 59.1 61.0 62.8 55.4 47.6 29.7
S 2.96 5.42 4,78 4.00 3.69 3.89 5.40 3.66

Table 5.2.~-Average speed (mph) in the calibration network.

Link
Run #
1,2 2,1 1,9 2,11 11,2 3,4 4,3 9,8
1 15 10 20 14 19 17 19 18
2 20 13 16 18 17 20 25 13
3 22 15 14 21 13 18 24 21
4 16 7 21 16 18 22 20 15
5 17 12 18 20 14 19 16 22
6 22 7 13 13 21 21 23 13
7 23 9 19 15 12 14 17 12
8 17 14 22 19 16 22 26 20
L Xy 152 87 143 136 130 153 170 134
X 19.0 10.9 17.8 17.0 16.3 19.1 21.3 16.7
S 3.12 3.09 3.27 2.93 3.1 2.75 3.77 3.99
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Table 5.3.--Average delay time per vehicle in the calibration network.

Link Desired Average Link Length Delay in
Link Length Speed Travel Time Desired Speed X sec/veh
# in ft. in MPH in sec 1.47
1,2 540 25 19.3 14.7 4.6
2,1 520 25 33.4 14.1 19.3
1,9 1620 25 59.1 44.1 15.0
2,11 1600 25 61.0 43.5 17.5
11,2 1580 25 62.8 43.0 19.8
3,4 1520 35 55.4 29.5 25.9
4,3 1520 35 47.6 29,5 18.1
9,8 620 35 29.7 12.1 17.6

Cycle failure is defined as the number of times a queue of
vehicles fails to clear from the discharge end of the 1ink during a
green phase. This measure was obtained by counting this failure at
signalized intersections for a period of 30 minutes. Table 5.4 shows

the total number of cycle failures for the test 1inks.

Table 5.4.--Observed cycle failures per one-half hour in the
calibration network.

Total Number of

Link Cycle Failures
2,1 2
1,9 1
3,4 4
4,3 5
9,8 2
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2.2, Performance of the Current NETSIM Model

The initial step used to determine the required modifications
to make the NETSIM program fit Saudi traffic conditions was to simulate
the given network by the model as used in the United States. By
comparing simulated and measured values of the measures of performance,
it was anticipated that specific modifications could be determined.
Therefore, a simulation run was conducted for the calibration network.
The run simulated a 30-minute time period. Equilibrium was attained
for this stimulation period, and the average values for the MOP's were
recorded.

To compare the measured and simulated output of travel time and

average speed, the t-test was used:

= _(x="w)
S/ Vi

where t = student's t-test
X = mean of measurements
U = simulated value
S = standard deviation of measurements
n = number of runs

For a 90 percent confidence interval and seven degrees of freedom, the
table value of t is 1.895. If the computed t < 1.895, the hypothesis
that there is no difference between the measured value and the
simulated value will be accepted; otherwise, this hypothesis will be

rejected.
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Table 5.5 shows the results for the selected links. The
simulation values on three 1inks are within acceptable 1imits, while
the other five are not, indicating that a modification in the program is
needed. It does not appear that a change in a single parameter will be
sufficient, since the simulation results are not uniformly high or low
for the network. Thus, there are probably differences in more than one
factor causing the differences in the measured and simulated values of

the MOP's.

5.3 Discussion of Program Subroutines
The 1982 NETSIM model software contains a total of 11 programs,

90 subroutines, and 4 block data for fuel consumption and vehicle=-
emissions computations. There is a specific function for each program
or subroutine, and they are related to each other according to their
functions in the simulation process, as shown in Figure 5.1. The main
executive program is UTCS-1. This program reads the 1ink cards, sets
up the initial data storage for further processing, tests whether
cumulative and intermediate outputs are requested, activates those
subroutines that initialize the contents of the COMMON storage arrays,
and reads the remaining input data. Al11 traffic characteristics and
relationships assumed in the model are stored in these programs and
subroutines.

The TRVL subroutine, for example, calculates the acceleration
or deceleration of a vehicle; distance traveled; new speed; whether it
will enter a left-turn pocket, join a queue, or switch lanes; come to a

halt before a signal or travel through an intersection; whether it will
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be stopped by a bus at a station, or by a blocked vehicle; and applies
delay due to short-term events. A user-specified speed profile and a
stochastically determined desired speed provide the bases for the

vehicle's trajectory. Figure 5.2 shows the overlay structure for the

NETSIM program.

5.4 Embedded Data

The set of embedded data used in NETSIM includes a total of 20
separate parameters. They reflect both a series of microscopic
performance characteristics and a.1esser number of simple network
characteristics. These data may be revised through the use of speci-
fied card types. Values and applicability of these parameters to the
case study are as follows:

1. Left-turn jumpers: A left-turn jumper is a vehicle that is
first in queue when the signal changes to green, and executes the left-
turn maneuver (immediately) before the oncoming queues can discharge.
The program includes an embedded value of .38 as the mean probability
of a lead left-turn jumping (JMPG).

The traffic signal phasing used in Saudi Arabia prevents left-
turn jumpers by assigning a separate signal timing for each approach,
thus eliminating conflicts with on-coming traffic. To verify that this
variable was being used appropriately, a run was done using a value of
JMPG(I)=0. As expected, there was no change in the model output,
indicating that the program is not using this parameter due to the

characteristics of the described network.
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2. Amber phase response: The response of the lead moving
vehicle in a lane that has no queue at the instant the signal turns
amber, to the onset of the amber signal, is expressed in terms of an

acceptable deceleration rate as follows:

where: I is the decile index of individual driver characteristics
and d is the assigned acceptable deceleration in ft/sec”.
Changes in this parameter would have a minor (and uniform)
effect on the travel time MOP. Since the differences between observed
and simulated results are not uniform, no change was made to this
variable.
3. Acceptable gaps at a STOP sign: The stored decile dis-
tribution of acceptable gaps for near side (or one-way) cross-street

traffic is:

I 1 2 3 4 5 6 7 8 9 10
g 56 50 46 42 39 37 34 30 29 20
Where: I is the decile index of individual driver characteris-
tics and g is the acceptable gaps in sec x 10.
To account for the time required for the entering vehicle to

find an acceptable gap in the traffic stream on the far side, the

following additional time is applied:
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I 1 2 3 4 5 6 7 8 9 10
g 12 21 26 31 35 39 42 46 49 51
where: I is the decile index of individual driver character-
istics and g is the assigned acceptable gaps in sec x 10.
The selected network at Jeddah has only two STOP signs, and they are
located on relatively uncongested 1inks. These links were not used in
the comparison of MOP's; thus no changes were made to this variable.
4. Turning speeds: Moving vehicles unimpeded by others must
slow as they approach an intersection if they are to negotiate a
turning maneuver. These speeds, applied deterministically, are:
Left-turn speed, ILT = 22 ft/sec
Right-turn speed, IRT = 13 ft/sec
Since the effect of changing this parameter would be a function of the
left- and right-turning volume at each intersection it would not be
uniform. Thus it is a candidate as a parameter to be changed in the
calibration of the model. The number of left-turning and right-turning
vehicles on each of the 1inks used in the calibration was recorded to
determine if there was a relationship between these volumes and the
travel time deviations. Table 5.6 contains these data. There does not
appear to be any relationship between the travel-time differences and
the turning volumes. Thus, no changes were made to this variable.
5. Lane-switching acceptable lag: A vehicle cannot switch
lanes unless an acceptable lag is available in the target lane. This

value, deterministically applied, is IALAG = 31 tenths of a second.
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This value has also not been modified since the effect of any change

would be uniform across all 1inks.

Table 5.6.--Left-turning and right-turning vehicles in the calibration
network.

Link % % %
Simulated Measured Difference Left Turns Right Turns

1,2 18.6 19.3 4% 0% 15%
2,1 45.0 33.4 -25% 100% 0%
1,9 58.7 59.1 2% 14% 0%
2,11 47.3 61.0 30% 0% 0%
11,2 62.3 62.8 1% 52% 48%
3,4 58.2 55.4 - 6% 0% 5%
4,3 52.3 47.6 -10% 11% 0%
9,8 27.1 29.7 10% 6% 3%

6. Acceptable gaps for left-turning vehicles: A decile
distribution of acceptable gaps in the on-coming traffic facing left-
turning vehicles is stored in the IGAP array. These values, in tenths

of a second, are:

I 1 2 3 4 5 6 7 8 9 10

g 78 66 60 54 48 45 42 39 36 27

As explained in "Left-Turn Jumpers," this parameter is not applicable
in Saudi Arabia because there is no on-coming traffic at signalized

intersections.



52

7. Mean effective vehicle lengths:

Autos: VLNGTH (1) = 20 (feet)
Trucks: VLNGTH (2) = 37
Buses: VLNGTH (3) = 50

These values are appropriate for Saudi Arabia, and thus the default
values remained constant through the study.

8. Probability of a vehicle joining (or causing) spillback:
The probability, in percentage, of a vehicle joining a spillback

comprised of I vehicles is defined in the SPLPCT array:

I 1 2 3 4
SPLPCT 100 81 69 40

These probabilities are reasonable for Saudi conditions, and no change
was made to this variable.

9. Delay due to pedestrian conflict: The program defined two
types of conflict: strong (or heavy) interaction at the beginning of
the green phase, and weak (or 1ight) interaction for the remaining
duration of the green phase. The duration of vehicular delay, in
seconds, for each kind of conflict is defined by a statistical decile

distribution stored in the PDLY array:
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where I is the decile index of individual driver characteristics
and dq is the duration of vehicular delay for weak
interaction and d, is the duration of vehicular delay
for strong interaction in seconds.

Light pedestrian flow: PPER (1) =0
Moderate pedestrian flow: PPER (2) = 10
Heavy pedestrian flow: PPER (3) = 25

Since the ability to choose the combination of pedestrian flow (PPEN)
permits the analyst to vary the pedestrian-delay component, no changes
were made in the (PDLY) array.

10. Vehicle desired free-flow speed: As each vehicle enters a
1ink, it is assigned a free-flow speed. This assignment is obtained by
applying a percentage factor to the free-flow speed specified for that

1ink. The embedded percentage values are:

I 1 2 3 4 5 6 7 8 9 10
F 7 81 91 94 97 100 107 1M 117 127
where I is the decile index of individual driver characteris-
tics and F is the assigned percentage for free-flow speed.
These values were used without any changes because the analyst can vary
the specified free-flow speed to change the travel time and average

speed on any link. This is one of the variables used in the calibra-

tion process.
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11. Vehicle queue discharge headways: As each queued vehicle
moves up to the stop-line, it is assigned a delay until discharge,
reflecting the queue discharge headway. This headway is obtained by
multiplying the mean queue discharge headway specified for the 1ink by

the following percentage according to the decile distribution:

K 1 2 3 4 5 6 7 8 9 10

F 170 120 120 110 100 100 90 70 70 50

where K is the decile index of individual driver characteristics
and F is the assigned percentage for discharge headway.

For the second and third vehicle in queue at the time the
signal turns green, additional delays of 0.5 seconds and 0.2 seconds,
respectively, are added to the headway.

If the vehicle is not an automobile, the value is multiplied by
a factor of 1.6 to reflect the more sluggish operating characteristics
of trucks and buses.

Two runs were conducted assuming mean headway values of 2.2 and
2.0 seconds for all 1inks. Table 5.7 shows a comparison of these two
runs with the observed values for the calibration network. For a mean
headway of 2.2 sec, the simulated travel time of four 1inks and the
average speed of three 1inks were within acceptable 1imits, while for a
mean headway of 2.0 sec, the simulated travel time and average speed of
only two 1inks were within these 1imits. Therefore, a mean headway of

2.2 seconds was used for the remainder of the runs.
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12, Lost time of first queued vehicle: The first vehicle in
queue when the signal turns green suffers a (start-up) lost time. This
lost time can be applied deterministically by specifying its value on
the 1ink card, or it can be extracted from a decile distribution stored
in the program. The mean of the stored values is 2.6 seconds. To test
the sensitivity of the model results to the parameter, deterministic
values of 2.4 and 2.2 sec were used in consecutive runs. Table 5.8
shows a comparison of these two runs. Using a value for lost time of
2.4 sec, simulated travel time of five 1inks and average speed of four
1inks were within acceptable 1imits, while for a value of lost time of
2.2 sec, the simulated travel time of four links and average speed of
three 1inks were within these 1imits. Therefore, a lost-time delay of
2.4 sec would appear to be the most appropriate value for first-queued
vehicles in Jeddah. This value is lower than the 2.6 average found in
the United States and reflects the aggressive nature of drivers in
Saudi Arabia.

These tests of variations in the embedded parameters used in
the NETSIM model calibrated for the United States accomplished two
things. First, the best estimates of mean queue headway and lost-time
delay to be used in Saudi Arabia were determined. Changing these
parameters resulted in an increase in the number of 1inks with accept-
able travel-time deviation from three to five and the number of 1inks
with acceptable average speeds from three to four. Second, it demon-
strated that other changes in the program are required, as there remain

large differences between simulated and calculated delay time for
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several links. Also, these parameter changes did not improve the
comparison of simulated and counted-cycle failures.

Both Tables 5.7 and 5.8 show that the simulated average speed
is slower than the measured speed for each of the 1inks that is outside
the acceptable 1imits. These 1inks are also the most congested ones in
the network. This suggested that a modification in the speed-volume
relationship embedded in the program might be needed.

To determine the lead vehicle speed, the program uses the
following relationship:

VL = MOD (JVACC [ML1/100,000, 100)
This equation represents, in FORTRAN IV, the speed-volume relationship
shown in Figure 5.3. In the stable-flow region, as volume increases,
the space-mean speed of traffic decreases until the critical density is
reached (Point C). Thereafter, the flow becomes unstable, and both

volume and speed decrease.
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Figure 5.3.--Speed-volume relationship for the original model.
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Because both the mean queue headways and the lost-time-delay
parameter changes reflect more aggressive driving in Saudi Arabia, it
was hypothesized that this relationship between speed and volume might
also be different. The use of speed 1imits is not widely practiced,
there is 1ittle traffic enforcement, and most drivers are aggressive.
Therefore, a relationship that produces a higher speed for a given
volume was indicated. Several modifications to the relationship shown
in Figure 5.3 were tested; the best results were obtained when the
relationship was modified to read:

VL = MOD (JVACC [ML]1/100,000, 100) *1.5
Figure 5.4 illustrates this modified relationship. Table 5.9 shows a
comparison of the simulated and measured MOP using the modified model.
A11 the simulated travel times and average speeds are now within
acceptable 1imits except the travel time on 1ink (4,3). The simulated
number of cycle failures also matches the observed data more closely
than the previous runs. The complete output of the program is
contained in Appendix B.

This change in the model has affected the performance of some
of the network 1inks. The average speed of 1ink (2,1), which is a
heavily traveled 1ink, has increased from 7.9 mph to 9.8 mph. The same
thing happened to 1inks (3,4) and 4,3), which are also heavily traveled
1inks and are among the longest 1inks in the network. Link (1,9) has
the same length as (3,4) and (4,3) but is less congested. Its average
speed has decreased from 18.8 mph to 18.3 mph. There is no significant

change in the performance of the low-volume, short 1inks (9,10),
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(10,11), or (6,7). The unsignalized links (1,2) and (11,2) show 1ittle
change in their performance. The average speed for 1ink (1,2) has
increased from 19.8 mph to 19.9 mph, while the average speed for 1link
(11,2) has increased from 17.1 mph to 17.4 mph. Most of the signalized
1inks show some improvement. The average speed of 1ink (9,8),
connecting two signalized intersections, has increased from 13.9 mph to
15.0 mph., The same thing has happened to 1ink (7,8). No change
occurred to 1ink (7,10), while the average speed of 1ink (1,9) has
decreased from 18.8 mph to 18.3 mph. The travel time of all these

1inks 1s inversely proportional to the average speed.

modified

original

Average Speed (mph)

3 1 I — } 1 L
I L) T I LB

1 T
100 200 300 Loo 500 600 700

Average Lane Volume (veh/hr)

Figure 5.4.--Speed-volume relationship for the original
and modified models.
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The comparison of the network statistics using the original and
modified models shows significant improvement. The average speed
increased from 15.32 mph to 16.39 mph. STOPS/vehicle decreased from
1.47 to 1.45. Average delay/vehicle decreased from 54.70 sec to 47.52
sec. Travel time/veh-mile decreased from 3.92 min/v-mile to 3.66
min/v-mile. Stopped delay as a percentage of total delay decreased

from 67.1 to 60.6.

5.5 The Model

The analysis of data collected in Jeddah shows that the NETSIM
model can be applied successfully in simulating traffic performance in
Saudi Arabia with the following traffic and program characteristics:

1. Queue discharge rate: A mean time-gap (headway) between
vehicles discharging from a standing queue of 2.2 sec.

2. Lost time of first queued vehicle. A lost-time or queue
start-up delay of 2.4 sec.

3. A modified speed-volume relationship. The formula used in
the TRVL subroutine to determine lead-vehicle speed should be multi-

plied by 1.5.

2.6 Model Validation
Since each network of streets has its own unique set of
characteristics (volumes, street lengths, signal settings, etc.), the
fact that the NETSIM model could be modified to reproduce the MOP from

one network is not conclusive evidence that these modifications are
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suitable for other networks in Jeddah. The more critical validation
test is whether the model can reproduce MOP from another network.

To validate the modified model, data for the input parameters
and the MOP for a second network in Jeddah were collected. The network
was similar in size to the first one, with 24 internal 1inks and 16
nodes. Figures 5.5 and 5.6 show the physical and coded representations
of the network. The eight most congested 1inks were selected to obtain
the measures of performance. Tables 5.10, 5.11, 5.12, and 5.13 contain
the mean travel time, average speed, average delay time, and cycle

failure for each 11ink.

Table 5.10.--Travel time (sec) in the validation network.

Link
Run #
14,15 15,14 15,16 16,15 16,17 17,16 18,19 19,18
1 47 32 49 55 26 48 21 41
2 41 39 43 48 21 52 26 37
3 37 36 48 46 23 57 31 40
4 44 40 41 50 18 50 25 43
5 48 42 47 55 24 46 20 38
6 43 34 51 52 27 55 28 35
7 38 33 45 47 22 47 29 45
8 40 41 40 53 17 56 22 46
I X4 338 297 364 406 178 411 202 325
X 4.23 37.1 45,5 50.8 22.3 51.4 25.3 40.6
N 3.99 3.87 3.93 3.54 3.54 4.27 3.99 3.89
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*

D St. (A-Tathaamun Al-Arabi Street)

5th St. (Makarona Street)

E St. (Al-Rabetah Al-Islameyyah Street)

¥ 7th St. (Prince Majed Street) X%

6th St. (Al-Oroubah Street)

* F St. (Palestine Street)

%* traffic light at intersection

Figure 5.5.--Physical Network #2.
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68

Table 5.11.--Average speed (mph) in the validation network.

Dy =¥ = s =

Link
Run #

14,15 15,14 15,16 16,15 16,17 17,16 18,19 19,18
1 7 20 9 6 20 14 25 12
3 14 14 14 14 27 11 22 16
3 18 15 11 16 26 7 16 14
4 9 12 15 12 29 13 23 11
5 6 11 12 6 21 17 27 15
6 13 17 8 11 19 8 19 17
7 17 18 13 15 26 15 18 10
8 15 12 16 9 30 7 24 9
X; 99 119 98 89 198 92 174 104
X 12.4 14.9 12.3 11.1 24.8 11.5 21.7 13.0
S 4,53 3.22 2.82 3.87 4,20 3.85 3.77 2.93

Table 5.12.--Average delay time per vehicle in the validation network.

Link Desired Average Link Length Delay 1in
Link Length Speed Travel Time Desired Speed X sec/veh
# in ft. in MPH in sec 1.47
14,15 800 40 42.3 13.6 28.7
15,14 800 40 37.1 13.6 23.5
15,16 780 40 45.5 13.3 32,2
16,15 800 40 50.8 13.6 37.2
16,17 800 40 22.3 13.6 8.7
17,16 760 40 51.4 12.9 38.5
18,19 820 35 25.3 15.9 9.4
19,18 800 35 40.6 15.5 25.1




69

Table 5.13.--Cycle failure of second network.

Total Number of
Link Cycle Failures

14,15
15,14
15,16
16,15 1
16,17
17,16
18,19
19,18

VNP WaOO®

A run using the modified model was conducted for this valida-
tion network. Table 5.14 shows the simulated values and the observed
values for the MOP. The t-test for all links indicates that none of
the simulated values are significantly different from the observed
values. This validation test confirms that the model can accurately
simulate Saudi Arabian traffic flow. The complete output of the pro-
gram is in Appendix C.

Comparing the simulated values of the original and modified
models for this validation network, the following variations in links
performance can be observed. The performance of the high-volume 1inks
has been slightly improved. The average speed of 1ink (14,15) has
increased from 13.5 mph to 143 mph. The average speed for 1ink
(17,16) has increased from 8.5 mph to 9.8 mph, and the average speed
for 1ink (19,18) has increased from 14.2,mph to 15.4 mph. This network
is located in a recently developed area where all 1inks have almost the

same length; therefore, the model does not show any variation in 1inks
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performance due to variations in 1inks length. There is no significant
change in the performance of unsignalized 1inks, while the simulated
cycle failure of signalized 1inks has generally improved. The cycle
failure of 1ink (13,12) has decreased from 7 to 3, the cycle failure of
1ink (17,16) has decreased from 14 to 6, while the cycle failure of
1ink (19,18) has increased from 0 to 3.

The comparison of network statistics using the original and
modified models shows some improvements. The average speed has
increased from 15.13 to 15.74 mph. The stops/vehicle has decreased
from 132 to 130. The average delay per vehicle has decreased from
52.65 sec to 50.37 sec, and travel time/veh-mile has decreased from

3.94 to 3.74 min/v-mile.

5.7 Application of the Model

One of the important features of the NETSIM model is its
capability to be used to analyze and evaluate traffic signal timing
plans and strategies. A modification in signal timing parameters, such
as offsets and the duration and sequence of the signal phases, can
result in fewer stops, less delay, reduced travel time, less fuel
consumption, and reduced accidents.

To demonstrate the use of the modified NETSIM model in Saudi
Arabia, the model was used to simulate the effects of a modification in
the existing signal timings of a major street in the calibration net-
work in Jeddah. Figure 5.7 shows a representation of Khalid Bin Al-

Walid street, which is a one-way street with three traffic 1ights. The
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objective of the proposed timing
plan is to coordinate the three
signals to produce a better pro-
gressive system. This change
should reduce delay and travel
time and increase the average
speed on the street. The offset

at each intersection was set so

% 1stSt. (Khalid Bin Al-Walid Street) .

that the first vehicle of the

platoon will receive the green

indication just as it reaches the

intersection. Signal (1) was con- *

sidered a base signal for the sys-

tem. The offset of the other .‘nmumm_um' .
signals was determined using the Figure 5.7.--Khalid Bin Al-
Walid Street
following formula: in Jeddah.
of fset - Distance between signals, in ft
Desired speed in ft/sec
ffset for si = L8620 o,
offset for signal 9 B3 x 1.4 60.0 sec

2,240 _
8.3 % 147 - 831 sec

offset for signal 8

The desired speed for the system was considered to be 18.3 mph, which

is the average speed on 1ink (1,9). The highest cycle length in the



TIME (seconds)

73

system is 84 seconds at signal 1. Figures 5.8 and 5.9 show the time-
space diagrams for the selected street for the modified and existing
timing plans. There is an increase in the desired speed for the system
from 15.5 mph to 183 mph, and an increase in the bandwidth (minimum

green time) from 30 sec to 35 sec.

160

140 18.3 mph

120

100

-

60

Lo

84 sec

20

One cycle length

ay 9  (8)
1620 2240
SPACE (feet)

Figure 5.8.--Time-space diagram for Khalid Bin Al-Walid Street
using the modified plan.
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160 15.5 mph

140
120
0
2 100
o
]
wn
~ 80
£ o
= g 6o g
-_—0 8 2]
0 @ 4o 9 19 9 leo
s 1714 S
> ~
| [
c
OJ i
(1) (9) (8)
1620 2240

SPACE (feet)

Figure 5.9.--Time-space diagram for Khalid Bin Al-Walid Street
using the existing timing plan.

Table 5.15 shows a comparison between the simulated values of
the measures of performance of Khalid Bin Al-Walid Street using the two
timing plans. The table shows an improvement in all measures of per-
formance due to the improvement in selecting the offset time between
the signals.

This experiment demonstrates the potential benefits of using

the modified NETSIM model in Saudi Arabia.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Although the NETSIM model was originally designed to simulate
traffic performance in the United States, this study has demonstrated
that it can be applied in different traffic conditions. The model is
not difficult to understand; it can be used properly with 1ittle model-
ing experience. The model requires more extensive data than some other
models. The payoff, however, is that the output is more representative
of real conditions.

The model is relatively expensive to operate. However, it is
more economical than collecting actual field data to determine the
change in system performance resulting from modifications in traffic
control. The availability and ease of use will continue to expand the
application and acceptance of NETSIM.

The model calibration and validation was conducted by comparing
the results of the model simulation with a sample of field data. Since
the sampling error is unknown, the true accuracy of the modified model
is also unknown. The t-test used in the analysis assumes that both the
field-collected sample and the simulated results are from normal dis-
tributions. An extension of this study to include a larger sample

should be conducted to verify this assumption.
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Based on the data collected and analyzed in this study, the
following conclusions were reached:

1. Traffic performance in Saudi Arabia can be simulated and
analyzed using a modified NETSIM model.

2. A modification in the speed-volume relationship embedded in
the model is needed to suit the Saudi traffic conditions. The formula
used in the TRVL subroutine to determine lead vehicle speed must be
multiplied by 1.5 to accurately simulate Saudi driver acceleration
characteristics.

3. A mean time-gap (headway) between vehicles discharging from
a standing queue of 2.2 sec and lost time for queue start-up delay of

2.4 sec are most suitable for traffic in Jeddah.

6.2 Recommendations

While this study demonstrated that the NETSIM model can be
modified to simulate traffic on the street network in Jeddah, the
1imited application to the two networks does not answer all the ques-
tions. Additional studies and analysis should be performed, including:

1. The model should be tested and validated in different
cities in Saudi Arabia such as Riyadh and Dammam.

2. Measures of performance of all 1inks and/or nodes of both
the calibration and validation networks should be obtained to establish
the validity of the simulation over a broad range of 1ink characteris-
tics.

3. The use of automated techniques in data collection should

be developed to reduce the effort required for data collection. These
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techniques could include: volume counts from detectors, photologging
for both traffic operational characteristics and the physical charac-
teristics of the network, aerial photography for a multiplicity of
data, street-level photography for parking characteristics and network
data, and a portable event recorder for gathering information about
vehicle speeds, journey times, and fuel consumed.

4, To provide a more streamlined version of the model, the
options of simulation of bus traffic and transient blockages within the
traffic stream were suppressed in this study. However, it is recom-
mended that simulation of these options should be tested in Saudi
Arabia because of the increased use of public bus transit and the
frequent occurrence of.temporary blockages due to accidents, emergency
vehicles, or unusual congestion.

5. A developed data-information system is needed to collect
extensive data on major traffic parameters in Saudi Arabia and to
establish statistical distributions of these parameters to update the
embedded input data of the model.

6. Traffic performance in Saudi Arabia should be simulated
using other models (such as TRANSYT or TEXAS) and the results compared
with the modified NETSIM.

7. The NETSIM User Guide needs improvement. It would be more
helpful to the user if it included the program logic, the major assump-
tions, and the traffic modeling used in the program.

8. Among the recommended applications of the model in Jeddah

and other cities in Saudi Arabia are the following:
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a. Traffic-flow improvement on major streets. Travel time,
delay and average speed and other traffic parameters can be
improved by evaluating different timing plans for the selected
street or network. This improvement will reduce congestion and
increase the street capacity.

b. Control methods and operational timing at single isolated
intersections to select from either traffic-actuated volume-density
signal control, two- and four-way stop signs, or fixed-time signal
control.

c. Effects of adding bus lanes to the CBD network or other
sites.

d. Effects of parking lot or shopping center development
on the surrounding area in the city.

e. Effects of geometric changes such as additions of left-
turn bays or right-turn pockets.

f. Installation of future signal systems and the effects
on surrounding systems.

g. Simulating the effects of the predicted future changes in
traffic volume on the existing network. This would help the city
in selecting and prioritizing street-improvement projects.

9. Introductory courses on modeling and the NETSIM program are

recommended for the traffic engineers who are working in the traffic

departments in Saudi Arabia.
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APPENDIX A

STATISTICS ON DRIVER AND TRAFFIC CHARACTERISTICS

IN JEDDAH
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Table A3.--Number and causes of accidents in Jeddah (1978-1981).

84

Circu- Traffic High Alcohol
Year  STOP lation Outreach Violation Speed of Drugs Other
1978 43 197 285 66 2,040 19 322
1979 L2 309 296 100 2,702 11 289
1980 68 Lok 274 114 2,560 17 369
1981 32 113 91 284 2,375 13 Lol

Table Ak.--Number and type of vehicles involved in accidents in Jeddah

(1978-1981).

Year Sedan Jeep Bus Pick-up Truck Tank-Truck Other
1978 1,765 78 126 862 313 63 679
1979 1,906 73 130 807 296 99 808
1980 1,507 103 145 519 281 79 730
1981 2,154 93 155 Le9g L4y 76 602
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APPENDIX B

PROGRAM OUTPUT OF CALIBRATION NETWORK
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APPENDIX C

PROGRAM OUTPUT OF VALIDATION NETWORK
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