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Overview

The impact of vehicular traffic on society is huge and multifaceted, including economic, social, health and environmental aspects. The problems is complex and

hard to model since it requires to consider traffic patterns, air pollutant emissions, the chemical reactions and dynamics of pollutants in the low atmosphere.
Our research aims at exploring a simulation tool ranging from vehicular traffic to

environmental impact. We describe Modules 1, 2, 3 and 5 shown on the right,

leaving the study of pollutant diffusion as a future work. The analysis focuses on

the nitrogen oxides and the ozone, due to their negative effect on health.

Traffic model

Traffic dynamic is described by the

second order CGARZ model [2]{
ρt + (ρv)x = 0

wt + vwx = 0,
(1)

where v = V (ρ, w) and w is a prop-

erty of vehicles which distinguishes

drivers behavior. From (1) we esti-

mate

• the density of vehicles ρ(x, t),

• the speed of vehicles v(x, t),

• the acceleration a(x, t).

Emission model

The emission rate E is estimated from ρ, v and a as

E = ρmax{E0, f1 +f2v+f3v
2 +f4a+f5a

2 +f6va}, (2)

with E0 lower-bound and f1-f6 emission constants, [3].

Model validation [1]. We

compare the NOx emission values

(2) computed with velocity and

acceleration related to the traffic

model (1) (red line) with the emis-

sion values estimated with the real

velocity and acceleration of the

NGSIM dataset [4] (blue line).
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Chemical reactions

In polluted regions with high vehicle emissions, the

production of ozone associated to the photochemi-

cal smog is due to the following reactions

NO2
k1−→ O + NO

O + 2O2
k2−→ O3 + O2

O3 + NO
k3−→ O2 + NO2.

with O atomic oxygen, O2 oxygen, O3 ozone, NO

nitrogen oxide and NO2 nitrogen dioxide. We treat

the reactions with an ODEs system with source

term for NO and NO2 given by SNO = pE/V and

SNO2
= (1− p)E/V , p = 0.15 and V air volume.

Environmental impact

Effect of traffic lights on NOx emissions ( → )

We test the impact on NOx emissions of a traffic light placed at the end of a road,

modeling traffic dynamic with (1) and the emissions with (2). The total NOx emission

rates grow when the traffic light time is shorter (5 minutes on left and 2.5 minute on

right) and there are more vehicles restarts.
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Effect of traffic lights on O3 production ( → → )

We test the ozone production on a road with traffic modeled by (1), where the NOx

emissions estimated by (2) are used as source term of the ODEs system associated to

the chemical reactions. We show the ozone production without (left plot) and with

(right plot) traffic lights in space and time.

Weekly trend ( → → )

Day and night are simulated by

varying the kinetic constant k1

associated to the first reaction

and to the source terms SNO and

SNO2
due to traffic as in the fig-

ure on the right. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time (h)

In the figures below we compare the concentration of NO and

O3 along the whole road in presence of the traffic light (red line)

with respect to the one obtained in the case without traffic light

(blue line). NO productions (left plot) are highly amplified by

the presence of the traffic light while the dynamic of O3 (right

plot) reaches its saturation value each day at 3 p.m. regardless

the presence or not of the traffic light.
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Future perspectives

• Extend the tool to road networks to better capture envi-

ronmental effects.

• Analyze other chemical reactions.

• Exploit the dependence on time of emissions to compare

pollution levels between weekends and working days.
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