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ABSTRACT

With the continuous growth of the urban population, traffic congestion has become a major
problem in all cities. Congestion charging is in practice an effective tool to solve this problem. In this
paper, we use the classical model of Congestion Charging to study the issues of pricingcharges in Ho
Chi Minh City. In order to capture the traffic flow, we adopt the Drake speed - density model, which
relies on the relationship of speed, density and flow and is further conducted by monitoring the traffic
flow. After collecting the base traffic data of Ho Chi Minh City, we analyzed the relationship among
speed, density and flow. The result showes that, the model we use performance better in reflecting the
actual situation in Ho Chi Minh City than other models. Finally, this paper also numerically shows how
much should charge to achieve the expected speed. The corresponding traffic density and flow are given
in these examples as well.

Keywords: Traffic urban, Traffic congestion pricing, Speed - Density-flow relationships, Ho
Chi Minh city.

TOM TAT

Véi mdt dg dan cie trong dé thi ngdy cang gia tang nhanh, un tac giao thong da tré thanh vdn
dé nghiém trong cho cac thanh phé I6n. Thu phi Un tdc giao thong 1& mét cong cu hiéu qua dé gidgi quyét
vdn dé nay trong thuc tién. Trong bdo cdo ndy, ching téi da van dung mé hinh ¢é dién vé dinh gia thu
phi Un tdc giao théng dé nghién citu giai quyét gia thu phi tgi Thanh phé Hé Chi Minh. Dé xdc dinh luu
Irong giao thdng, chiing tdi 4p dung md hinh vdn téc - mér dg cua Drake dira vao mai quan hé vén tac -
Mt d¢ - leu heong va dwoc tién hanh thém bang bién phdp gidm sat heu lirong phiong tién giao thong.
Sau khi thu thép diz liéu mét sé tuyén duwong giao théng cia Thanh phé Ho Chi Minh, chiing t6i da phdn
tich mai quan hé gia vdn toc - mét do - lwu lirong. Két qua phan tich cho thdy, mé hinh ching toi si
dung phan &nh tot hon tinh hinh thuc té tai Thanh phé Ho Chi Minh so véi cac md hinh khéc. Cudi
cling, bao cao khéng nhitng dinh lwong thé hién dweoc mite thu phi bao nhiéu dé dat dén van téc mong
mudn. Twong ¥ng gia trj mdr dé va luu heong giao théng dirge wéc tinh trong nhimg truong hop nay la
tot.
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1. INTRODUCTION

With the rapid growth in population, the
traffic congestion in large cities has become a
big problem. Generally speaking, various
traffic vehicles’ traveling at the same peak
hours contributes to the traffic congestion.
Traffic congestion reduces the quality of
citizens’  life, restricts the economic
development of the cities, and also affects the
social stability, which has become one of the
key factors limiting the all-round development
of the cities. In order to solve this problem,
many measures have been proposed, such as
adding new routes and public vehicles and so
on. Among these, traffic pricing has been
regarded as a very effective method. The traffic
charging scheme, which aims to easing traffic
congestion, was first proposed in 1920s. In
terms of its nature, the congestion pricing is to
regulate people’s habits of using transport
vehicles. Specifically, congestion pricing is a
kind of management measure using the price
mechanism to control and regulate the traffic
demands. It changes the traveler’s selection of
travel mode, travel route and time via
collecting certain tolls from the vehicles
travelling in and out of certain areas with
congestion, so as to reduce the traffic flow in
the areas with congestion, reduce unnecessary
travel, and finally achieve the aim of easing the
traffic congestion.

The concept of road congestion charging
was first put forward by by the economist
Pigou™ in his publication of “welfare
economics”. In a simple network consisting of
two paths, he proved that the speed of the
vehicle on the road with tolls is higher than that
without tolls, thus the congestion pricing brings
efficiency. This traffic congestion pricing is
different from the traditional road charges,
because its purpose is to alleviate traffic
congestion by means of controlling the traffic

demands via charging the users, rather than to
alleviate the fund shortage of road construction.
The classic theory of marginal cost pricing
indicates that the users’ bearing cost is the
average variable cost after joining in the traffic
flow, namely the marginal personal cost
(denoted as AC). However, the joining of a
user will also increase the cost of other users in
the whole traffic flow, which is called marginal
social cost (denoted as MC). The users on
crowded road must pay the fee which is equal
to the difference between the marginal social
cost and marginal personal cost, to offset the
external non-economic effect of the whole
system caused by his (her) travel. Pigou
proposed the initial congestion pricing theory
based on this theory. In this theory, the toll
equals the difference between the marginal
social cost and marginal personnel cost for any
given traffic flow.

In practice, due to the difficulty to get the
average speed of vehicles by observation, many
scholars prefer to study the relationship
between road density and the average speed of
the vehicle. One of the optional methods which
can find out the relationship between the traffic
variables in large area is to use the road
network  simulation program. Such a
microscopic traffic simulation was proposed by
Williams etal.l?l, And the result in the large
network turns out to be similar to than in a
single road. In addition, many scholars use
statistical method to capture the relationship
between density and speed®l. In this paper,
using the degree of fitting R* as the
discriminant scorel), we select the most
suitable speed-density model for the road in Ho
Chi Minh City from several classic nonlinear
model. Based on the selected model, we also
give a simple inspection scheme to examine the
effectiveness of traffic congestion pricing.
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2. THE PRICIPAL OF ROAD
CONGESTION PRICING

In fact, the traveler has already paid a price
for the crowed public road. Because this price
is counted in time rather than in money, it is
not very obvious for most travellers. As shown
by Fougere et al.®l, the commodity cost
includes the cost and time of it. For example,
even if it were a free lunch, we also need time
to finish it. Similarly, if the public road were
free, the user still needs to pay a cost for their
travel time. Thus, if it takes the traveler a long
time, his/her cost will outweigh the fun derived
from the travel. In addition to the time cost, the
traveler must also bear the increase in fuel
costs and vehicle maintenance fee caused by
the increasing time.

However, from the perspective of the
rational allocation of road resources,
congestion really creates social value.
Considering that the congestion will greatly
increase the cost of time-sensitive traveler, and
slightly increase the cost of traveler who is not
sensitive to the time and never care about
waiting, the traveler who is sensitive to time
will not take the travel, and the road shall be
assigned to a really potential traveler who is
not sensitive to the time. However, compared
with the money, the time may be more
precious, because the money can be earned
back after using up, but the time is a thing that
can not be obtained once it is gone.

Congestion leads to the very low utilization
rate of the precious rsource (time). When
considering whether to take the route, the
traveler will generally make the decision
depending on whether the expected earnings
will be higher than expected costs, which
includes time cost. The congested traffic will
render more delay, and so increase the personal
cost of the traveler. People always just consider

their own personal costs of travel while making
decisions. However, this will lead to higher
social marginal cost, because the delay
occurred not only on him, but also on the other
travelers who are using the road at the same
time.

Figure 1 shows the basic principle for the
marginal cost pricing procedure to determine
the charges. Consider a simple and standard
situation where the uniform traffic flow can go
forward along the road of uniform section with
a given and fixed entrance and exit, and can
also leave at any time. As is shown in figure 1,
the AC curve represents the average congestion
cost for any given demand, which the MC
curve represents the marginal cost, namely the
increasment of cost when there is a new vehicle
joining in the traffic flow. MC can also be
regarded as the social cost, because it can
reflect the cost for all the users caused by this
new joining vehicle. However, all the users
make their decisions based only on their
average cost, rather than on the social cost.
Therefore, Yang and Huang® think the
difference between the MC curve and the AC
curve under any given level of traffic flow
reflectes the congestion cost in the traffic flow.

As we can see, the best demand (traffic
flow) is the intersection of Qibetween the
marginal cost and demand curve. And when
there is no congestion pricing, the user will
ignore social costs, which leads to the best
demand changing into @Q;. Therefore, the best
congestion pricing shoud be ry. In addition,
because the demand function is often uncertain,
rp cannot be determined easily. However,
under the given congestion toll, the actual
traffic flow can be observed. Hence, we can
determin the optimal congestion toll by trial
and error, i.e. setting a toll, observing the
traffic flow and then modifying the toll.
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Figure 1: The pricing theory of the cost of
traffic congestion
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The classic pricing principle of marginal
cost states that when a new user joins the
congested road, he actually only bear the
average variable cost. However, the join of this
user will also increase the cost of other users in
the whole traffic flow. Thus, the users who
drive in crowded road must pay the charge
equal to the difference between the marginal
social cost and marginal personal cost, to offset
the external non-economy of the whole system
caused by their travel. As shown in figure 1,
the curve of D(q) is the traffic demand line
(user’s willingness of using road under
different costs), C is said the traffic cost, y and
u are respectively said the travel marginal
personal cost and marginal social cost when the
traffic flow is Q3, where Q5 is said the traffic
flow. Without any charge, the demand curve
and the marginal personal cost line shall
intersect, namely it shall be a balanced system
when the traffic flow is Qs. When using
congestion toll, the demand curve shall
intersect the marginal social cost at point a,
namely it shall be a balanced system when the
traffic flow is Qz. On this occasion, each user
needs to bear the additional charge equals to u -

y.

3. PRICING MODEL OF TRAFFIC
CONGESTION

According to the pricing theory based on
marginal cost, the congestion toll should be set
as the diofference between the marginal social
cost and marginal personal cost, namely

MC—AC. Let D be the distance of travel, g be
the traffic flow, V be the average traffic speed,

o .
and t = be the total travel time. Moreover,

there is a relation between V and g, namely V =
V(q). Besides, denote c¢ as the unit value of
travel time of traveler, thus traveler’s marginal

D

personal cost AC(g) =cxt= :—q\l For

convenience, assuming that D = 1 km, so
AClg) =

C
Vig)

. Furthermore, the social total

cost (TC) is the sum of personal costs of all

cq
Vig)

travelers, namely TC(g) = q % AC(g) = It

can calculate the first derivative of the social
total cost with respect to the flow q to obtain
the marginal social cost, which is equivalent to

J 1|-?.|: :'
MC(g) = TC x AC(g) — =—%  Thus, the

vilg)

congestion toll (r) can be given as:

r=Mclg) —4cle) = -2 (1)
On the relationship between the speed and
flow, different scholars propose different
models. According to the one of Drake, the
congestion toll can be written as a function of
the average speed of V:

¢ Inlet/ SV }-1nv

T — @
where c is the unit value of time for traveler
(also known as value of time, VOT), Vs the
free-flow speed, Vi, is the corresponding traffic
speed under the maximum traffic flow, and &
is the parameter ready to be estimated. As the
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classical pricing model of congestion pricing, it
has been applied to the practice in many
countries, such as Singapore, Thailand, and so
on. This paper will also use this model as a
pricing strategy of traffic congestion pricing in
the center of Ho Chi Minh City. However,
because the model reflects the relationship
between the congestion toll and average speed,
it is necessary to measure the average speed
while evaluating the effectiveness of the
congestion toll, which will cost a lot of
manpower and material resources. So, we shall
design a simple test scheme to examine the
effect of congestion toll based on the
relationship among traffic speed, density and
flow. At the same time, the parameters (6 and
Vin) in formula (2) shall also be captured by
this relationship. Before this, we should firstly
calculate the traveler’s value of time c.

In General, there are two kinds of methods
used to estimate travelers’ unit value of time.
The first is the “marginal wage method”, and
the second is “substitution ratio method”.
While using the “substitution ratio method”,
the value of travel time is usually regarded as
the product of the amount of wage and a
percentage. Wilsonll  showed that the
percentage was from 47% to 49%. Recently,
Png et al.[Bfound that the percentage should be
67%. In this paper, two situations are
considered: one is a conservative estimate with
percentage 50%, and the other is 67% as
proposed by Png et al.

The above pricing strategy of congestion toll
is calculated according to the average traffic
speed, so it requires monitoring the average
speed on the road while evaluating the
effectiveness of the congestion toll®]. However,
it further requires people or devices to take
record of the time and distance of each vehicle,
so it will takes a lot of manpower, material
resources and time. On the other hand,

researches on the relationship between the road
traffic, density and speed have been made by
many scholars. This paper will give a test
scheme of the effectiveness of congestion toll
based on the findings in these researches.
Monitoring the traffic flow is obviously much
easier than monitoring the traffic speed, since
monitoring the traffic flow only requires the
record of total number of vehicles on the road
in a certain period of time. In practice, this can
be easily done by counting the numbers of
vehicles in the entrance and exit of the road.

In practice, many scholars have studied the
relationship among the flow g, the speed V and
the road density K:

K=3 @3)

With regard to the relationship of traffic
density and speed, the most commonly used
models are:

Green shield, V = Ve(1—z-)  (4)

Greenberg, V = Vn( E,;i] (5)

Underwood, V = Viexp (ﬁ) (6)

orae, v = Ve [ )]

Among them, Ve is the free-flow speed, Vi is
the traffic speed under the maximum flow, Km
is the traffic density under the maximum flow,
a and § are the parameters to be estimated. It is
not difficult to see that the Underwood model
is a special case of Drake’s model. Therefore,
there is no need to study the Underwood model
in this paper. In the next section, we
respectively use the collected data to test these
models, and then select the most_suitable one
according to the degree of fitting
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4. TRAFFIC FLOW MEASUREMENT
MODEL OF HO CHI MINH CITY

In this section, we will compare the above
four kinds of speed-density models (formula 4,
5, 6, 7) to choose the suitable one as the traffic
flow measurement and calculation model for
Ho Chi Minh City. To this end, we measured
the traffic flow as well as the corresponding
speed and other data of the trunk roads and the
downtown roads (especially in the area which
will implement the traffic congestion toll) in
October 2013 in Ho Chi Minh City, and get the
influence of adopting traffic congestion
charging policy by comparing the date before
and after implementing the policy both in rush
hours and not in rush hours!*°l, For convenience
and accurency, we first make an evaluation on
the traffic management method within a certain
range of area. Specifically, we made an
investigation on the peripheral routes around
the center of Ho Chi Minh City, where we set

up 35 charging stations for data collection!],
Since the congestion charging is mainly used to
solve the traffic congestion problem happening
in working days, we correspondingly only
collected the data from two period of time in
the rush hour of Ho Chi Minh City (7:00-9:00
and 16:00-19:00) in working days (from
Monday to Friday). And, all the vehicles are
divided into bicycle, motorcycle, car, vehicle
for 12 to 15 people, buses, light trucks (below 2
tons), medium trucks (2 tons to 8 tons), heavy
duty trucks and container, etc.

In order to facilitate the use of the traffic
flow measurement and calculation model, we
need to convert the different types of traffic
vehicles into passenger vehicle equivalents(*?
(PCE). In this article, the passenger car
equivalent is derived from the data collected in
signal control intersection of a series of main
road in the center of Ho Chi Minh City, and is
given as follows:

Table 1: The PCE values of different Car Type

vehicle light | medium rﬁ"y
Type of | . for 12 to trucks trucks(2 y .
. bicycle | motorcycle | car Bus trucks container
vehicles 15 (below 2 | tonsto 8 (above 8
people tons) tons) tons)
Value
of PCE 0.3 0.3 1 1.25 25 15 2.5 3.5 35

Specifically speaking, a bicycle in the road
can be converted into 0.3 passenger
carequivalent, and a container truck can be
converted 3.5 passenger car equivalent, and so
on. The traffic department in Ho Chi Minh City
monitored the traffic respectively from the rush
hours of working days (from 6:00-9:00 and
16:00-19:00) in the center of studied area. In
some lots, counting the number directly is
feasible, so the direct statistical method is
applied. In the lots with higher density of
traffic flow, it is more difficult to use the direct

statistical method, thus installing the camera
system for indirect statistical method is
necessary. According to the Vietnamese road
traffic law, the highest speed of traffic vehicles
in the center of the city should not be more
than 40km/h, namely the free speed is
40km/h.

In the following, we will use the collected
data to test the above speed-density models. To
begin with, we should use formula (3) to
calculate the road density (the maximum
density K, is 251.47PCE-h/km). In order to
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use Excel to finish the remaining work, we
need make the data transformation. Take Drake
as an example, let ¥ = ln{g, x =
formula (7) can be rewritten as:

Ky’

y=ax® (8

Inputing the data into the Excel program, we
have the following figure.

Figure 2: Regression analysis Drake's speed - density model

2
_ 1.1244
15 y =1.5531x
R?=0.697
1 *
0.5
¢
o T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2

It can be seen that the R* of Drake’s model is
0.697, the estimated parameters are o = 1.5531,
and & = 1.1244. Similarly, we use Excel to test

the other models whose eastimated parameters
and value of B* are shown in table 2.

Table 2: Fitting compare several speed - density model

Traffic flow model Regression equation B?
. K
Green shield V=40 (—0.5?? (1 - ) + U.??l) 0.471
51.47
K
Greenberg V=40 (-n.a+3m( ) + 0.24) 0.581
151.47
11244
Drake V =40 exp (—1.5531 ( ) ) 0.697
151.47

As we can see, Drake’s model has a higher
degree of fitting with the data of the center of
Ho Chi Minh City, so this paper will use
Drake’s model as the basis for congestion

pricing, namely
1.1244
)

V =40 exp [ -1.5531 ¢
=P ( 151 .47

Substituting K = into the above formula,
we can get the relationship between the speed
and flow:

g = 151.47V(2.36 — 0.64 InV)**=°

According to the above formula, we can
estimate the road current speed by detecting the
traffic flow, and examine the effectiveness of
congestion toll.
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By formula (2), we have = 16.4km/h.
Therefore, the congestion toll is
r= EX In40—1nV )

vV lnV-Inled

5. TRAFFIC CONGESTION CHARGING
MODEL IN HO CHI MINH CITY

In this paper, we first show how to calculate
the unit value of travel time by using the
“substitution ratio method”. We assume that
the month average income for the citizens in
Ho Chi Minh City is 350 dollars. Moreover,
they work 40 hours in average every week and
work 52/12 = 4.33 weeks each month. Thus,
their monthly working time is 4.33% 40 = 173.2
hours, and so VOT; = 350/173.2 = 2.02 dollars.

Correspondingly, ¢1 = 0.5 = 1.01 dollars is the
value of travel time conservative estimate with
percentage 50%, ¢, = 0.67VOT; = 1.35 dollars
is the value of travel time conservative estimate
with percentage 67%. Next, we calculate the
unit value of travel time by using “marginal
wage method”. The average income of drivers
owning their own private cars is said to be 500
dollars. Thus, the daily wage is VOT, =
500/173.2 = 2.88 dollars.

According to the above results by formula
(9), it can be easily calculate the congestion toll
for any specific speed, as well as its
corresponding expected traffic flow and
density, as shown in table 3.

Table 3: Congestion costs are estimated

Theoretical congestion charge (r) shouldspeed(V)
Speed(V) Density(K) Flow(q) VoT, = 2.02 dollars VOT, =
(Km/h) | (PCE-h/km/lane) | (PCE) . = 0.67V0T, = 1.35 288
¢, = 0.5VOT, = 1.01 dollars dollars dollars
17 89 1513 141 1.90 4.03
18 83 1494 0.48 0.64 1.37
19 78 1482 0.27 0.36 0.77
20 73 1460 0.18 0.24 0.50
21 69 1449 0.13 0.17 0.36
22 64 1408 0.09 0.13 0.27
23 60 1380 0.07 0.10 0.20
24 56 1344 0.06 0.08 0.16
25 52 1300 0.05 0.06 0.13
26 48 1248 0.04 0.05 0.10
27 44 1188 0.03 0.04 0.08
28 41 1148 0.02 0.03 0.07
29 37 1073 0.02 0.03 0.06
30 34 1020 0.02 0.02 0.05
31 30 930 0.01 0.02 0.04
32 27 864 0.01 0.01 0.03
33 23 759 0.01 0.01 0.02
34 20 680 0.01 0.01 0.02
35 17 595 0.01 0.01 0.01
36 14 504 0.00 0.01 0.01
37 10 370 0.00 0.00 0.01
38 7 266 0.00 0.00 0.01

Trang 136




TAP CHI PHAT TRIEN KH&CN, TAP 17, SO Q3-2014

Table 3 shows the traffic congestion toll and
the corresponding expected speed when the unit
values of travel time are 1.01 dollars, 1.35
dollars and 2.88 dollars respectively. Table 3
indicates that the higher unit value of travel time
is, the higher congestion toll will be. Because the
unit value of travel time determined by
“marginal wage method” is calculated based on
the average income of traveler, thus this method
appears more accurent. Based on the selected
model, the expected road speed is 17km/h, which
is not very different from the traffic speed under
the maximum flow Vi, = 16.4km/h, congestion
toll are estimated is 4.03 dollars. Meanwhile, the
expected road speed increases from 18 km/h to
38 km/h, the corresponding congestion toll
decreases from 1.37 dollars to 0.01 dollars. The
formula (9) shows that the more the expected
road speed increases compared with the traffic
speed under the maximum flow V,,, the more the
corresponding congestion toll decreases. As we
can see, when the expected road speed is 20
km/h, the congestion toll should be 0.5 dollars,
and the expected density and traffic flow are
respectively 73 PCE-h/km/lane and 1460 PCE.
Unlike the highway, because there is only one
exit and entrance in the restricted area, the trip
distance of vehicles that enter the restricted area
can be determined. So we can directly calculate
the total traffic congestion toll in this area, and
conduct one-time charge when travelers enter the
area. Based on the data of the traffic planning,
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