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1. INTRODUCTION

Recently, emissions from urban road networks have been a
concern in transportation modeling. The idea behind this fact
is that the urban life has attested an excessive use of vehicles
which affect our traffic demand. This increasing use of
vehicles has many effects on human health. On the other hand,
road transportation systems in urban areas has a mission to
provide mobility to the residents. This mission must satisfy
the environmental requirements to ensure sustainable
development. To facilitate decision making as well as the
adoption of sustainable policies in a transportation sector,
vehicle emission evaluation is essential. To that end, this
study attempts to assess pollutant emissions from road
network in urban area by applying a stochastic user
equilibrium (SUE) traffic assignment model.
Many studies have developed air pollution models for road
transportation systems. Ahn et al. (2002) proposed a method
that estimates emissions from vehicles based on both
instantaneous speed and acceleration levels. A similar method
has been developed by Oguchi et al. (2001). They estimated
vehicle emissions such as nitrogen oxides based on both the
vehicle speed profile and acceleration within the study
highway section.
However, in this study we will focus specifically on the
average travel speed of the vehicle and the flow rate. The flow
rate and the average travel speed are obtained by the SUE
traffic assignment model. To estimate the emission at any
traffic conditions (e.g. speeds and traffic volumes), emission
factors that represent pollutant released from a passenger car
during one kilometer driving are introduced. At any point of a
road, emissions are given by an emission factor which
depends on the local mean speed and are proportional to the
local vehicle density (Salles et al. 1996). Speed plays a
dominant role in transport indicators such as CO2 emissions
(T. French 2005).
In this study, therefore, we develop a model which estimates
the emission from a road network using the relationship
between the vehicle travel speed and the emission rate. Note
that the emission model of nitrogen oxides of the vehicle is
addressed in this study.
This paper has six more sections. The next section explains
the transportation situation in Dakar. The third section
presents the modeling approach of this study. In the section

four and five, the stochastic user equilibrium assignment
model and the traffic emission model will be addressed
respectively. Section six carries out a numerical experiment.
The final section concludes the paper and discusses future
research needs.

2. TYPICAL URBAN TRANSPORT IN DAKAR

Urban transport networks in many developing countries
face major problems due to the growth of urban population,
private vehicle ownership and congestion.
The region of Dakar is one of the major cities in west Africa.
It includes a huge proportion of cars (light duty vehicles)
which emit various pollutants within the city. In deed, 72.8%
of vehicles in the national fleet are vehicles second hand in
Dakar. The vehicles second hand are expected to emit more
harmful emissions. By taking traffic condition into
consideration, we can propose effective traffic management
measures to reduce the emission proportion.

3. FORMULATION OF THE MODEL
(1) Notations
Notations used in this paper are shown below:

W Set of origin-destination (O-D) pairs in the
network

Kw Set of paths serving O-D pair w

N Set of nodes in the network

A Set of links in the network

Ow Demand flow for O-D pair w

Va Flow of link a

Ca Capacity of link a

to(v,)  Travel time for link a

tw k Travel time for path k serving O-D pair w

Owka  Variable which equals to 1 if link a includes path k,
and 0 otherwise

Pu.k Route choice proportion of the driver choosing
path k serving O-D pair w

fwk Flow of path k serving O-D pair w

tg Free flow travel time in link a

I Length of the link a

Cu .k Travel cost of path k serving O-D pair w

0y, P Link-specific calibration parameters



29

(2) Modeling approach

Figure 1 shows the main structure of the modeling approach
used in this research. Our study is structured into two main
parts. First, a traffic assignment model based on stochastic
user equilibrium (SUE) traffic assignment is formulated. This
choice is supported by the motivation to reflect the realistic
behavior of the network users. The main outputs of this traffic
assignment model will be particularly the travel times and the
path (or link) flows in a road. Then, the emission model will
be presented.

[

I Stochastic assignment model I

Network svstem.

Travel distance

| Path Travel times I——I Path average speed I

NOx Emission factor
Total system’s
emission

Fig.1 Modeling approach

I Path flow

4. TRAFFIC ASSIGNMENT MODEL

In general, an assignment model is used to allocate the
content of trip matrix to a road network. To analyze the route
choice in the network, the stochastic user equilibrium (SUE)
assignment model can be adopted. Sheffi (1986) has
formulated a general problem for stochastic user equilibrium
assignment model, based on the concept of utility
maximization. Consequently, the utility itself is modeled as
random, meaning that the route choice is given as a
probability distribution. The perceived travel time can then be
looked upon as a random variable distributed across the
population of drivers.
(1) Flows and Travel times in the network
Since the perceived travel time of each path is a random
variable, it is associated with some probability density
function. Once the distribution is specified, the choice
probability of each alternative route can be calculated and the
flow is assigned to the route accordingly. Assuming that q,,
represents the deterministic traffic demand for O-D pair w, the
path flows will be:

fuk = Pwk *Ow (1a)

D fuk = (1b)
keKyy

fwk 20 (1c)

The link flow can then be calculated as follows:
Va = z z fw,k “Owk,a o)
weW keKyy
where dy, 5 represents a variable that equals to 1 if link a is
part of path k, and equals O otherwise.
In this study, the link travel time is represented by the
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following BPR function (Bureau of Public Roads, 1964):

Ba
ta(VavCa):tg‘[l"'aa‘[\é_aj J ©))

The travel time on a particular path is the sum of the travel
time of the links that comprises the path (Sheffi 1986). This
relationship can be expressed mathematically as:

twk = Z§W,k,a Ty 4
acA
Cwk =twk ®)

(2) Driver’s path choice behavior

In this study, a logit-based SUE traffic assignment model is
assumed. The path choice probabilities can be formulated as
the following fixed-point problem.

fw =0Qw- pw(cw(f )) (6)
where:
P =~ ) 0
' ZEXIOIHCW,k )
keKy,
i = (fzo fW"KW‘)T ®)
f:(fl,.‘.,fw)r ©
Pw = (pw,lv-w PW,\KWJ (10)
Cyw = (Cw,ll"'lcw,‘KW‘)r (11)

The superscript T denotes the transposition operator of a
vector.

5. TRAFFIC EMISSION MODEL

The approach is based on both the average speed obtained
from the SUE traffic assignment model and NOx emissions
factors equations. The NOx emissions factor depends
basically on the vehicle speed. Vehicle speed, which is
introduced into the calculation, has a major influence on the
emissions of the vehicles (Hickman et al. 1999). At this point
we need to set the emission factor which quantifies the
amount of pollutant emitted. In general, the emission intensity
is the average emission rate of a given pollutant from a given
source relative to the intensity of a specific activity. It can be
calculated by applying the method proposed in Xia and Shao
(2005). The nitrogen oxides emission from link a on road is
given by:

Ey=EF, v, -l (12)

where v, is the traffic flow on link a and EF, is the emission
factor of the nitrogen oxides (g/pcu/km) where pcu represents
passenger car unit.

Since EF, is a function of a speed, la/ta(va) (km/hr), EF,
can be written as:
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EFR, = EFa(Ia/ta(Va)) (13)

6. SIMULATION RESULTS/ANALYSIS

In this section, numerical experiment is carried out to
demonstrate the model proposed in this study. A road network
in Dakar (Senegal) with 4 O-D pairs (Fig.2) is used in the
experiment. Two link calibration parameters «, and S, ,used
for the BPR function shown by equation (3) are set as 0.15
and 2, respectively. The method of successive average (MSA)
is used as a calculation algorithm. In this experiment, we
adopt a dispersion parameter §=1. Each traffic demand was
set as 25000 pcu/day. All vehicles are assumed as passenger
cars. In this case, the following two equations will be used:

EF, =107°-s2 ~0.0021-s, +0.0998 (14)
EF, =107 .52 —0.0013- s, +0.0625 (15)
Sa = Ia/ta(va) (16)

Equation (14) and (15) represent the emissions factors for
gasoline vehicle and diesel vehicle respectively (Dohi and
Sone, 2012).

Table 1 shows the set of paths, which are represented by the
sequence of links for the network shown in Fig.3. Table 2
shows the results of the total NOx emissions for each link
calculated by assuming 40% of the total vehicles are equipped
with gasoline engines and 60% are equipped with diesel
engines. The considered network has generated a total amount
of 82.6 kilograms of NOx.

Destination 2

Fig.3 Test Network Topology
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Table 1: Combination of paths and links.

oD Path Link sequence oD Path Link sequence oD Path Link sequence
pain num pair numb pair numb.
ber
(1,13) 1 1-3-4-5-6-5-14 16 1-2-6-7-12-16-15 31 5-6-7-12-13-14
2 1345681118 7 T2e71719-1514 2 Se7121615
3 194567121314 ) 126717191615 33 567-17-19-13-14
4 154567121615 15 1267171615 3¢ | 5671715615
B 1345617191514 0 126810121514 35 567171615
s 1-5-6-5-6-7-17-18-16-15 21 126510121615 3% | 56810121314
7 134567171815 2 12651017-191514 37| 56810121615
B 1345681012134 5 12681017-1916-15 3 | 5681017191314
B 13456810-12-1615 2 126810171815 3 56810-17-19-1615
10 | 134seei0-17-151615 | (111) | 25 15456717 20 | 56810171815
11 1-3-45-6-8-10-17-19-16-15 26 1-3-4-5-6-8-10-17 @11 | a1 56717
2 1345681071835 27 L2677 a2 Se81017
Fr) 126e14 ) 12681017 a3 568111319
14 12681114 @13) | 29 56919 a4 | se7121s
15 1267121514 0 5681114 s 56-810-12-19
46 | 5651319
Table 2: Nitrogen Oxides Total Emissions
fnk number | 1 () EF(g/km)d |EFlg/km)-g| flow pou/day |gasali i (60%) emission fdesel] [emission (gasofine| total emisionss [g)
: 00 | &0 o ] 500000 300000 1] L1 %
o | o® L] 004 | asess 15387 1m63 103 31566
3 0Q | LK o o 23608 146163 5564 L Sse4
M wn LES o ] 23504 57441 146163 457 L1 “s81
s o 13 o 3 743804 27442 45183 453 1 B3gE4
g 0B 53 L3 ] 1000000 400000 E0000.0 4841 50005 T
o | 31 [l:] a3 4338 11138 24603 2673 Bm7 52380
g o | uE o 096 485645 124055 BT 20807 20803 41510
0 521 1] 0 110017 ot BGILO 14503 0g 150
0B 353 o 015 383315 153350 005 15504 ] s
055 3 (] g 102171 4508 B1362 1 18 11
L1 o o 187611 15210 B3 16580
3 L] o o 140728 8917 =00 e
4 o (] g4 161226 502 s 147
o L] k] 139774 10084 mi 1rent
6 o | ®|s [l:] a3 10197 10863 =03 13366
06l | 14 [ 008 13 s 197950
B 0n | 4 [ 7] 18 14513
034 [ 0808 181 45753 44 90585
826354

7. CONCLUSION AND FUTURE TASKS

In this study, we have proposed an air pollution model
which estimates the nitrogen oxide emissions from a road
network. The SUE traffic assignment model is used to
estimate both the speed of vehicles and traffic flows. The
emissions are then calculated by using these two variables.
The results obtained in this study are only for nitrogen oxides
from a diesel and gasoline vehicles. Thus, this model should
be formulated and calibrated for the other pollutants which
contribute to the atmospheric pollution.
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