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Abstract

Congestion of vehicular traffic within urban areas is a problem experienced worldwide. It has adverse effects on
people quality of life due to delays, accidents and environmental pollution. Congestion is gaining popularity in
the Wolaita Sodo and quantifying the effects of an additional vehicle joining the traffic stream is a critical issue
to determine the toll rates. When additional vehicles enter a crowded roadway they increase travel time for all
vehicles. The effect of additional vehicles worsens when the flow is near the capacity of the traffic stream. The
speed and flow of the traffic stream are considered as the major variables to quantify these effects. Hence to
better understand and quantify this issue it is necessary to accurately model the traffic stream near capacity. A
mathematical macroscopic traffic flow model known as Lighthill, Whitham and Richards model appended with a
closure nonlinear velocity-density relationship yielding a quasi-linear first order (hyperbolic) partial differential
equation as an initial boundary value problem was considered. The aims of this analysis are principally
represented by the maximization of vehicles flow, and the minimization of traffic congestions, accidents and
pollutions. We present numerical simulation of the IBVP by a finite difference scheme report on the
stability and efficiency of the scheme by performing numerical experiments. The computed result satisfies some
well known qualitative features of the solution.
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1. Introduction:

Sodo or Wolaita Sodo is a town and separate woreda in south-central Ethiopia. The administrative center of the
Wolaita Zone of the Southern Nations, Nationalities, and Peoples Region, it has a latitude and longitude of
6°54'N 37°45'E with an elevation between Template:Convrt above sea level. It was part of the former Sodo
woreda which included Sodo Zuria which completely surrounds it; which located in Wolaita Sodo town, 315 km
faraway from Addis Ababa via Butajira-Alaba to Wolaita Sodo. The Wolaita zone also represents one of the
most densely populated parts of the country, with a high population growth rate.In 2006, rural density varied
from 167 persons per square kilometre in the Humbo District in the lowlands, to 746 persons per square
kilometre in the Damot Gale District in the highlands (CSA 1998, 2006). These densities exceeded the national
density by 2.5 and 11 times respectively in the same year. From 1998 to 2006 alone, density increased by 79
more persons per square kilometre in the zone. This has increased pressure on agricultural land, in a situation in
which there is little or no growth in non-farm income opportunities. For instance, the average farm size
decreased from 1.59 hectares in 1990/91 (Eshete 1995) to 1.41 hectares in 2006 (own field work).

Road traffic accidents are a major public health concern. In developing countries road traffic accidents are
among the leading cause of death and injury. Ethiopia experiences the highest rate of such accidents in Sub-
Saharan Africa. Out of all the accidents registered in Ethiopia, Addis Ababa accounts for 60% on average
especially in Wolaita zone more 25% on average. Nowadays traffic flow and congestion is one of the main
societal and economical problems related to transportation in many Town. Traffic congestion is one of the
greatest problems in walaita sodo Town (sodo Town) like some other countries of the world since the most
densely populated parts of the country. In this respect, countries managing traffic in congested networks requires
a clear understanding of traffic flow operations. Increasing attention has been devoted to the modeling,
simulation, and visualization of traffic flows to investigate causes of traffic congestion and accidents, to study
the effectiveness of roadside hardware, signs and other barriers, to improve policies and guidelines related to
traffic regulation and to assist urban development and the design of highway and road systems. The
transportation infrastructure is one of the major pillars supporting life in cities and regions. In many large cities
the potentialities of extensive development of the transportation network were exhausted over the last decades or
are approaching completion. That is why optimal planning of the transportation, improvement of traffic
organization and optimization of the routes of public conveyances take on special importance. Solution of these
problems cannot do without mathematical modeling of the transportation system.

Traffic phenomena are complex and nonlinear, depending on the interactions of a large number of vehicles.
Due to the individual reactions of human drivers, vehicles do not interact simply following the laws of
mechanics, but rather show phenomena of cluster formation and shock wave propagation, both forward and
backward, depending on vehicle density in a given area. Some mathematical models in traffic flow make use of a
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vertical queue assumption, where the vehicles along a congested link do not spill back along the length of the
link.

Axel [1] presented a hierarchy of multilane traffic flow models and described the derivation of macroscopic
multilane traffic flow model. The dimensionless form of the macroscopic traffic flow model for single lane
highway was studied [2]. The numerical experiments were performed in order to verify some qualitative traffic
flow behaviors with respect to the traffic flow parameters, [3], [4], [5]. The fluid dynamic traffic flow model as
an initial boundary value problem (IBVP) with two sided boundary conditions was studied and a new version of
the LaxFriedrichs scheme for the fluid dynamic traffic flow model was also presented [6-7]. A computational
study of the non-scaled multilane traffic flow model was presented [9].In this research article, we choose a
numerical scheme named explicit upwind difference scheme to compute the numerical solution of the two lane
traffic flow model as an IBVP. We discredited the scaled two lane traffic flow model by using finite difference
formula which leads to the explicit upwind difference scheme. We build up a code in MatLab programming
language of scientific computing for the Explicit Upwind difference scheme. We present the density profile as
well as computed velocity and flux profiles of our considered model which is scaled(dimensionless) model
without transformation back and the scaled model with transformation back by using the Explicit Upwind
difference scheme. Some experimental results are also presented for the stability restriction of the numerical
scheme for the dimensionless form of two lane traffic flow model.

The macroscopic traffic model developed first by Lighthill and Whitham (1955) and Richard (1956) shortly
called LWR model is most suitable for correct description of traffic flow; details can be seen in (Haberman
1977). In this model, vehicles in traffic flow are considered as particles in fluid: further the behaviour of traffic
flow is modeled by the method of fluid dynamics and formulated by hyperbolic partial differential equation
(PDE).

2. Conservation of the number of vehicles

Considering a traffic flow on section of a road, if there is no on-ramp and off-ramp(i.e. no sinks or sources )
within the interval, then the number of cars coming in equals the number of cars going out of the segment
(conservation law).

We choose an interval on any particular roadway between say x = x;and X = X4
As shown in Figl.1

- ——

T
|
|
.
|
|

Q(v\'l,-f) —t— — ([(.\’:,f)

Y ——

)C1 X,

Fig 1.1 Cars entering and leaving a segment of roadway
Source: Richard Habeman, 1977
Our main aim is to take the statement that cars are conserved and turns it into a Partial Differential Equation
(PDE). As said earlier we adopt a continuum model of traffic flow rather than modeling individual cars and their
flow. We will assume the vehicles to be sufficiently numerous that they can be considered to be distributed

continuously from x; to x,.Accordingly, we defined the continuous and differentiable function 2(x,t)to be
the number of cars per unit length of the road at time t and x position and it is called the vehicle density. We also
define the Flux of the vehicle,q(x,t)as the number of cars passing a position x per unit time at time,t.The
number of cars which are in the interval, (x; , x,) denoted by N can be computed from the sum of vehicles in the
segment and is equal to.:

N() = [;7 p(t, x)dx (1)
If more cars flow into the segment (x, , x,) than flow out of it, the number of cars within the segment will

increase, and similarly if more cars flow out than in, the number of cars will decrease. Assuming no vehicles are
created or destroyed within the segment then mathematically the rate of change of the number of cars in the

. . . AN, . .
given segment of the road with respect to tlme,;, is equal to the difference between the cars entering and those

leaving the section through its two ends, as illustrated in the equation below since the rate of change of the
number of cars per unit time is the traffic flow at position x| minus the traffic flow at position X5 both at time ,t:
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dN
W_g(xyt) = q(x2,) @
Taking the derivative of both sides of equation (1) with respect to time gives the following:
dN_d px,
e pLx, t)dx 3)
By equating equation (2) and equation (3), you get the result:
d pxn
=) T el t)dx =q(x,t) — q(xy.t) (4)

In order to carry out thorough analysis of traffic, a conservation law in partial
Differential form is required. Now, taking the partial derivative of the right hand side of equation (4) with

respect to,X and then taking the integral from X = X, t@ X = X, gives the following equation:

. o B ()
L[5 pCx, ) = — [ 20 ()
Moving the negafive sign inside of the it_ltegral gives:
d pXa _ px, —dqixt)
= [ el t)dx = [* ——dx (6)

We can now move the = inside of the integral to get the following equation; we can do this because derivatives

and integrals are interchangeable. If you move the derivative inside the integral and it has a function of two
variables, then the derivative becomes a partial derivative:

X i _ (%= —dgilat)
~r.r-_ Brp[:x’ t]dx “r.r-_ dx dx ™
Equation (7) implies:
xy fB@plxt) dglxt) _
“r.r- ( at + dx ) dx 0 ®)

3. Velocity as a function of density
There are many factors that have an effect on the speed at which a car can go since it is operated by an individual.
The person operating one car may want to drive faster than another person in a different vehicle. Once the traffic
becomes a lot heavier, however, lane changing and speed are at a minimum for every driver on the road since it
is difficult to change lanes when there are more vehicles on the road and it is not always possible to go the speed
you want when there are more vehicles on the road. A lot of times you get stuck going.

With all of these types of observations, we can make a simplifying assumption that at any point along the
road the velocity of a car only depends on the density of cars. This is illustrated in the equation below, which
was mentioned above in the explanation of the conservation of cars: the same speed at which the flow of traffic

is moving.

The equation we now have for vehicle conservation,
dp dg

—+—=0

dt  dx

is one relation involving two unknowns. Conventionally, we would need another relation to close the system in
two unknowns. A major assumption that is often made by traffic modelers is that velocity may be reasonably

assumed to be a function of the density alone. That is, we can assume i = 1t{2) and our equation becomes a

relation in 2 and its derivatives:

8 A pul

B_f: + xp;xp}} =0. ©)
Such an equation is called partial differential equation (PDE) of first order. It is a PDE because of the two
variables involved, t, and the partial differentiations with respect to these variables. It is a first-order equation

because only first partials are involved. To see this set F (P] = pu (P] Then the equation (9) can be written
dp ' dg _
e TE ()5, =0 (10)
We will focus later on how to solve this equation once 1t(2) is given. For the moment our concern is whether or

not this assumption is justified, and then what the function (P) should be. On a single-lane open road this
assumption seems to be fairly reasonable. An isolated car tends to have a maximum velocity of travel, either the

result of speed limits or road conditions or driver caution, call it 1,4, Then for our function 1 {2} we should

take u(0) = 1,4, We know that traffic speeds tend to go down with increasing traffic density, so we should
assume that

du
OE{ 0,p = 0.
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Also there is surely a density, bumper to bumper traffic say, where the speed is essentially zero. Call this density
Pmar If L is average car length, we could take Ppyape = 1/L. One widely used relation is

_ 2
IL(JG:] = Umax (l - o
max
_ a
H’(P) - H’mn.r(j‘_ ) (11)
Pmax
Most of our discussion will concern the model of traffic flow which results from

using (11).

Numerical simulations

Result

Vehicle Factors: Vehicle type was found to be an important factor which affects human injury/fatality caused by
traffic density. Even if buses and taxies/ minibuses play an essential role in public transportation, our results
showed that these vehicles (in addition to automobiles, cargo vehicles and buses) pose a significantly greater
fatal/serious injury risk to pedestrians.

Note that cargo vehicles have larger mass, greater momentum and longer stopping distance. For any given
speed, the greater the mass of the vehicle, the greater would be its force of impact at collision with the
pedestrians leading to higher injury severities. Furthermore, it is possible that drivers of small vehicles but high
speedy are more likely to weave around in traffic, change lanes, dart ahead of others or even take corners and
curves faster. This finding seemed to be in accordance with other studies (Tewolde, 2007).

The study of this paper is used to understand traffic behavior in Wolaita sodo Zuria context in order to
answer to several questions: where to install traffic lights or stop signs; how long the cycle of traffic lights
should be; where to construct entrances, exits, increasing number of lane and overpasses in Wolaita sodo Town.

There is no personal preference for any observed station used in this paper; the selected stations include on-
ramps, off-ramps, and basic freeway segments with varying number of lanes and traffic conditions. The fact that
deterministic models have deficiencies over a certain portion of density ranges is well-known [17]. This can be
verified from the empirical results here in Fig. 1 and 3. A. D. May pointed out in his book [17] that a
disconcerting feature of deterministic models is their inability to track the empirical data in the vicinity of
capacity condition. From our results Fig. 1 and 3, we find that the stochastic speed-density model tracks the
empirical data faithfully and works consistently well over the whole range of densities. Though in progress, the
proposed stochastic speed-density model strives to overcome some of the well-known drawbacks of
deterministic models.

Fig.2 Shows that the proposed stochastic speed-density model is also capable of capturing the dynamics at
on-ramps and off-ramps. 4005005 is a single lane ,while 4005006 is a single lane off-ramp .From the empirical
results of 22 on-ramps and off-ramps, the fundamental relationship has a similar shape but with distinguishable
features from that of the basic freeway segments. One observation is that the speed-density curve on basic
freeway segments is location based rather than freeway based. The speed-density curves at on-ramps and off-
ramps are ramp geometry and characteristic based including, but not limited to, the ramp speed limit, number of
lanes, ramp elevation,
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Fig 2 Comparison of Different Speed-Density Models at 4005005 (on-ramp) and 400600 (off-ramp)

Fig. 4 compares the simulated speed-density model with empirical speed-density relationships at two
stations (4001118 and 4001119). Simultaneously, the mean and variance of the simulated speed-density models
and the empirical speed-density data are plotted. The results show a fairly good match between the simulation of
the stochastic speed-density models and the empirical speed-density observations. By doing this, we want to
demonstrate the performance of the proposed stochastic speed-density model. Most importantly, we want to
demonstrate the model’s capability to track empirical data, and its robustness to work consistently at varying
traffic conditions. The point we want to conclude is that the proposed stochastic speed-density model potentially
performs better than deterministic models by taking care of second-order statistics. Fig. 5 took two
stations,Similarly, the results further verified the arguments and assumptions underlying the proposed stochastic
speed-density model.
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3.Conclusion

Though deterministic speed-density relationship models can explain physical phenomenon’sunderlying
fundamental diagrams, the stochastic model is more accurate and more suitable to describe traffic phenomenon.
From the results of stochastic model, we find out that a stochastic speed-density model matches the empirical
observations better than deterministic ones. Following from this result, the LWR type conservation equation can
be revisited in a stochastic setting of speed-density relationship. The LWR model in a stochastic setting is
potentially capable to capture some interesting features (i.e., spontaneous congestion) where deterministic
models fail. Another benefit from a stochastic speed-density model is its capability to perform real-time on-line
prediction while deterministic models are claimed to be insufficient. The simulation model presented herein is
useful to simulate the changes of traffic conditions with the employment of control strategies. Various Advanced
Traffic Management Systems (ATMS) control strategies can be developed in conjunction with the simulation
model. The freeway simulation model provides an essential requirement for the successful development of a
comprehensive.
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