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ABSTRACT

Particulate matter concentrations are still exceeding the European air quality limit values, mainly in the
urban areas where a large part of the population lives. Despite the implementation of several policies
and measures to reduce the atmospheric emissions from road transport, this activity still has high
influence in the air quality of the European cities. The main purpose of this study was to assess the
potential of urban mobility strategies to reduce the particulate matter concentrations over the main
avenue of Moscavide (a parish within the municipality of Loures, very close to the city of Lisbon,
Portugal). The proposed strategies were evaluated by applying an air quality modelling system with a
high spatial resolution. The results showed a slight air quality improvement (up to 0.9 ug.m) for the
tested scenarios. However, complementary studies are still necessary to provide a better understanding
of the most efficient urban mobility strategies to be applied over the study area.
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1 INTRODUCTION
Despite the efforts on reducing particulate matter (PM) atmospheric emissions, the European
population lives in urban areas where particles levels with an aerodynamic equivalent
diameter less than or equal to 10 pm (PM;o) exceed quite often the air quality limit values,
[1] with severe implications for human health [2].

Road transport is one of Europe’s main sources of PMo [1]. To reduce the atmospheric
emissions from this sector, in the last decades, several policies and measures have been
implemented such as: (i) definition of European emission standards (e.g. Euro 5 and Euro 6);
(il) modifications in the fuel specifications (e.g. reduction of sulphur content);
(iii) development of alternative fuels (e.g. compressed natural gas (CNG)) and devices for
treatment of exhaust gases (e.g. diesel particulate filter) [3]; (iv) encouraging a shift among
transport modes; (v) land use planning to ensure sustainable transport facilities; and (vi)
improving public transport and procurement [1].

The ongoing REMEDIO project (regenerating mixed-use Mediterranean (MED) urban
communities congested by traffic through Innovative low carbon mobility solutions, part of
Interreg MED Program and co-funded by European Regional Development Fund (ERDF))
aims to strength the capacity of cities to use low carbon transport systems and include them
in their mobility plans by testing existing mobility solutions, through an assessment tool and
participatory governance schemes that result in an operational path replicable by other MED
urban areas with different city sizes. This work is part of this project and aims to evaluate the
potential of urban mobility strategies to reduce PM;o levels over the main avenue of
Moscavide located in Loures municipality (close to Lisbon, Portugal). The baseline case and
proposed strategies were evaluated using an air quality modelling system with high temporal
and spatial resolution. In addition, data collected in field campaigns conducted for an autumn
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period, covering traffic counts and air quality monitoring, were used to estimate road
transport emissions and to select the simulation period, respectively.

The paper is organised as follow: in Section 2, the air quality modelling setup and
configuration are described in detail. Section 3 and Section 4 focus in the simulation episode
selection and urban mobility strategies results, respectively. Finally, in Section 5, the main
conclusions are presented.

2 AIR QUALITY MODELLING SETUP AND CONFIGURATION

To evaluate the potential of mobility scenarios to improve the air quality in the main avenue
of Moscavide, an adequate model able to simulate atmospheric concentrations at street level
was selected. The Computational Fluid Dynamic (CFD) model VADIS [4], [5] developed at
the University of Aveiro is suitable for the present case study. This model is composed by
the FLOW and DISPER modules. The FLOW calculates the wind, pressure, turbulence
kinetic energy, turbulent viscosity and temperature three-dimensional (3D) while the
DISPER computes the 3D air pollution concentrations using the wind field estimated by
the FLOW. The main input data of the VADIS model are the local meteorological conditions
(wind speed, wind direction and temperature), road transport emissions and buildings
volumetry (buildings coordinates and height).

The VADIS was applied over the main avenue of Moscavide with a domain of
536x536x70 (lengthxwidthxheight) and a grid resolution of 3x3x3 m3. The study case
consists in one narrow way road of about 400 meters surrounded by buildings with less than
14 meters of height and, consequently, has unfavourable air pollution dispersion conditions.
Fig. 1 shows the buildings and road segments (1-5) over the study area.
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Figure 1:  Application area of urban mobility strategies with the buildings and road
segments considered.

The meteorological parameters can be obtained either from measurements at a
meteorological station or from a meteorological model. For this work the Advanced Research
Weather Research and Forecasting model (WRF-ARW) (v.3.7.1) [6] was considered. This
model has been extensively used in Portugal and worldwide [7]-[9]. It provides
meteorological fields for the region of interest by applying a nesting approach, from global
to regional scales, covering the study area. In this work, it was applied with the following
nested domains: domain 1 (D1) with a spatial resolution of 125 km, covering the Europe and
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part of North Africa; D2 with a spatial resolution of 25 km, comprising Iberian peninsula;
and D3 with a spatial resolution of 5 km, covering the Portuguese region. The global
meteorological fields from the National Center for Environmental Prediction, with 1x1°
(= 10x10 km?) of horizontal resolution and 6 hours of temporal resolution, were used to
provide initial and boundary conditions for the coarse meteorological domain (D1). The
model physical configuration was defined according to previous WRF model simulations
over the Portuguese region [10], [11].

The Transport Emission Model for line sources (TREM) [12] was used to estimate road
transport emissions for the baseline case and urban mobility strategies. Road traffic counts
were used to obtain the traffic flow for the study area. The vehicle fleet composition (vehicle
categories and classes) was defined using statistical data from Statistical National Institute
(INE) and the Portuguese Automobile Trade Association (ACAP) [13], [14]. For the urban
mobility strategies, four scenarios were created and tested over the study area.
Scenario 1: vehicles below the Euro 3 emission standard were replaced by newer cars (Euro
4, 5 and 6); Scenario 2: diesel used by the buses was replaced by compressed natural gas
(CNG); Scenario 3: maximum vehicle speed limited was increased to 35 km.h™'; and Scenario
4: the road traffic was closed in the road segment 5 (Fig. 1). It should be noted that the road
traffic flow was kept the same in all tested scenarios, except for the Scenario 4 where the
road segment 5 was closed (without traffic flow). The scenarios of this work have been tested
and implemented worldwide, showing for that, their applicability and economic
sustainability over the case study [12], [15].

The buildings 3D coordinates input data were provided by the OpenStreetMap dataset
[16] and the buildings’ shapes were defined according to proximity and geometry criteria
(building in 2D are represented in Fig. 1). The building heights were estimated based on
number of floors and considering 2.8 meters per floor.

3 SIMULATION EPISODE SELECTION
During November 2016, air quality monitoring and traffic count campaigns over the case
study area were conducted. With the main purpose of selecting the hourly episode for the air
quality modelling application, the daily profile for the measured PM;, levels and traffic flow
in the area of interest were analysed (see Fig. 2). The wind speed and wind direction from
WRF-ARW cells, located over the modelling domain, for the experimental campaigns were
also analysed (Fig. 2).

60 a) 600 b) 3.0
3 Traffic flow —— Wind speed
P — PMI10 n —> Wind direction
Y 50 + n r 500 B 25
g n O
= = ~ —~
EN ~
24 _ a0 S LN 2072
Z & g
=} ~ =
2 = =]
< M (5]
= 30 4 F300 © 4+ 1.5
= Y = 2
3 2 i
= s 3
9 20 + r200 © o 1.0 ;=
S = =z
o =
2 10 1 F 100 1 05
0 e e e e T 0 — T T T T T T T T 0.0
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Hour Hour

Figure 2:  (a) Hourly values of PM; concentrations and traffic flow in the case study;
(b) Hourly wind fields at the inlet boundaries of the air quality modelling system.
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During the experimental campaign, the PM, levels showed variations consistent with
changes in road traffic flow. Three air pollution peaks in the morning (at 9 am), at midday
(1 pm) and evening rush hours (at 7 pm) were registered. The highest PM;o concentrations
(51 pg.m™) were recorded at 7 pm when the wind blew from north and wind speed was about
1.4 m.s”!. The identification of emission sources of the study area shows that soil, road
transport exhaust emissions, non-exhaust emissions, sea salt and fuel-oil contribute to about
36.3,9.9,24.8, 17.2 and 11.9% of the measured PM concentrations during the experimental
campaign, respectively [17]. Values between 10 and 25 pg.m™ were obtained for the off-peak
period (0 am—8 am) and the registered PM; levels were lower than the European limit value
(daily limit value is 50 pg.m™). Regarding the meteorological parameters, the wind speed
ranged between 0.5 (at 5 am) and 1.8 m.s™! (at 4 pm). The wind blew from southeast during
late morning (10 am and 11 am) and for the remaining hours, the wind direction was mainly
from the north.

According to the analysed air pollution levels, traffic flow and meteorological parameters,
the hour of 7 pm was selected for the air quality modelling application over the study area.
In this sense, the evening rush hour (i.e. 7 pm) was selected for simulation, and thus, in the
next sections, the simulated road transport emissions and air pollution levels correspond to
the referred period. This analysis is quite important since that is the period when people are
most exposed to air pollution, while they are driving, walking on the street or at home.

4 URBAN MOBILITY STRATEGIES

The urban mobility strategies were investigated considering as reference the baseline
scenario (current situation). Two different approaches were used to provide this analysis:
(i) road transport emissions by road segments to quantify the impact of measures in terms of
PM emissions; (ii) mapping of the hourly PM;, levels differences between baseline and
mitigation scenarios to understand the spatial variability of the air pollution concentrations.

Fig. 3 shows the road transport emissions by road segment (1-5), for the baseline
case (Base case) and urban mobility scenarios (Scenario 1, 2, 3 and 4) for the study episode

(7 pm).
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Figure 3:  PMjo emissions (g.h!), by road segment, for the baseline case and tested
scenarios on evening rush hour (7 pm).
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For the baseline case, the PMj( emissions vary in a range of 1.1 to 2.1 g.h"!. Maximum
values are obtained for the road segment located further north of the study area
(road segment 5). The emissions of the remaining roads represent 50-80% of the total
emissions of the main road. Analysing the emissions associated to each urban mobility
strategy, the highest impacts are obtained for Scenarios 1 and 4 with a total reduction of about
4.1 (57%) and 2.0 g.h'! (28%), respectively. The replacement of the fuel used by buses
(Scenario 2) and the increase of the maximum vehicle speed limits (Scenario 3) allow a total
reduction of less than 0.5 g.h'!' (6.4%). However, these results only allow to quantify the
atmospheric emission impacts of the tested Scenarios. Concerning the air quality impacts,
Fig. 4 presents the expected PMo levels reduction (in pg.m?) during the study
episode (7 pm).

|5camr~io 1 i Scenario 2

= -2 -1 (1] 1 2
PMI0 reduction (ug.m ) PM10 reduction (ug.m )

Figure 4:  Air pollution reduction of PMio levels based on the difference between each
scenario and the baseline case.
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It can be observed that the implementation of Scenarios 1 and 2 reduce the PMjo
concentrations up to 0.9 pug.m™ over the study area. The highest air pollution decrease is
recorded when the road segment 5 is closed. However, Scenario 1 reveals a larger reduction
area with air quality improvements over the entire simulation domain (up to 0.5 pg.m™). For
the remaining tested Scenarios, the replacement of the buses fuel (Scenario 2) and the
increase of the maximum vehicle speed limit (Scenario 3) a slight decrease of PMjg
concentrations is verified (less than 0.1 pg.m).

5 CONCLUSIONS

The main goal of this work was to evaluate the potential of urban mobility strategies to reduce
the PM o levels on a narrow street of an urban area. The proposed strategies were evaluated
by the application of the CFD model VADIS, with high spatial and temporal resolution to
different scenarios. The TREM was used to estimate road transport emissions for the baseline
case, based on traffic counts performed in the study area, and for the proposed scenarios. Air
quality monitoring and traffic count campaigns for an autumn period shown that the highest
PM concentrations are recorded on evening rush hours (at 7 pm) when the wind blows from
north and the wind speed is about 1.4 m.s™. The tested urban mobility strategies showed that
the highest reductions of PM;y concentrations are obtained when the Euro 3 vehicles are
banned and the road segment with the largest traffic flow is closed. However, complementary
studies considering different scenarios and the influence of the non-exhaust emission from
the road traffic (this source represents about 25% of the measured PM o concentrations in the
study area) is needed to provide a better understanding of the most efficient urban mobility
strategies.
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