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Abstract
In the cities, traffic emissions are the largest contributor to the exceedances of NO2 limit values.
It is necessary to develop tools to evaluate if the traffic measures can reduce the air pollution.
EMIMO-WRF/Chem air quality modeling system (1 km) has been used to assess the effectiveness
of emergency measures based on traffic restrictions to reduce concentrations of air pollutants
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during the NO2 pollution episode in the city of Madrid. Two simulations were designed: “REAL"
including traffic restrictions and "BAU" representing what would happen if no action were
taken. The difference between the two simulations (BAU-REAL) gives us the contribution of
traffic restriction measures to reduce concentrations of pollutants in the air. An evaluation of the
modelling system's performance has previously been carried out and found to be very
satisfactory, demonstrating that the proposed system can be used to simulate pollution episodes
in cities. The results indicate that the daily concentration of NO2 decreased by only about 1.3 %
and so the measures taken were not sufficiently effective compared to the traffic reduction effort
that reached around 10 %. More effective measures must be explore and analyze with the
proposed tool.
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WRF/Chem, Urban emission, Madrid air quality

1. Introduction

The relationship between increased morbidity and mortality and exposure to different
atmospheric pollutants is becoming more and more evident. This relationship has been
demonstrated in several published epidemiological studies (Pope and Dockery, 2006; Zhang et
al., 2012). Motor vehicles are the main anthropogenic contributors to air pollutant emissions in
cities (Duclaux et al., 2002; European Environment Agency, 2003). Annual limit of the NO,
concentrations is 40 pg/m3 and the hourly limit of 200 ug/m3, can’t be exceeded more than 18
times per year. These limits are exceeded in most major European cities, Madrid, London, Paris,
etc. Vehicles contribute more than 40% of NOx emissions in the European Union (Heiko 2018).
Diesel cars are the main contributor to the NO2 (Carslaw et al 2016). Improving air quality in
cities is currently one of the most important concerns. The reduction of nitrogen oxide emissions
has historically been one of the main objectives to try to improve air quality in European cities.
Nitrogen dioxide is a problem for many cities, such as Madrid, due to its toxicity and the key role
it plays in tropospheric ozone formation in summer (Seinfeld et al., 1998). Since road transport is
the main contributor to urban air pollution, it is necessary to develop control strategies that
minimize environmental impacts but maximize the efficiency of motor transport. Public
administrations are testing management strategies aimed primarily at reducing road traffic
emissions. These strategies are aimed at either reducing the number of vehicles circulating in

cities or mitigating emissions per vehicle. These strategies are medium- or long-term, but are not
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suitable for emergency situations such as a single pollution episode. Some municipal authorities
have developed short-term or emergency actions to try reducing emissions during high pollution
episodes because the effects of the permanent actions are very slow and they don’t get to reduce
the air pollution in the cities. This is the case of Madrid, where during the NOx episode analysed
in this study, only odd-numbered vehicles were allowed into the city, but this type of short-term
measures have not been previously evaluated to measure their effectiveness. The first example of
such decisions was in Paris on 1 October 1997. At that time, only vehicles with odd numbered
registration plates were allowed into the city. Residential parking was free of charge to try to
persuade travelers to abandon their cars, and industrial activities decreased. Some 1.000 police
officers were deployed to enforce the restrictions. Traffic levels in the center of Paris decreased
by 17%, in the ring road by 6%, and around Paris by 14% and concentrations of NO2 were
below 300 ug/m3, having exceeded 400 pg/m® the previous days. But, was the reduction due to
measures taken or did other factors such as the weather influence? These responses can only be
addressed through advanced air quality simulation and modelling systems. Tools are needed to
model in detail the spatial and temporal changes of a city's emissions and concentrations when
traffic limitation measures are to be applied during a pollution episode to know before applying
whether or not it will be an effective measure. The effectiveness of a measure depends on many
factors that must be taken into account by the modelling system, such as: the size of the traffic
limitation area, the type of vehicles selected for the limitation, the general age and composition
of the vehicle fleets, the number and type of vehicles exempted, the level of application and

availability, weather conditions, affected days of the week, etc.

One of the ways to assess air quality impacts in complex environments such as cities and
the effectiveness of emission reduction strategies is to use an air quality modelling system that
includes several models: traffic model, emission model and dispersion-chemical model at
different scales. The modelling of vehicle air pollution is essential to find optimal strategies for
reducing traffic emissions. Pollutant concentrations depend primarily on traffic and weather
conditions. Traffic models can predict the position and speed of vehicles and emission models
can estimate the amount of pollution emitted by vehicles. The dispersion of pollutants in the
atmosphere can be modelled using atmospheric dispersion models that require meteorological
information from meteorological models. The accuracy of the results will depend to a large
extent on the reliability of traffic data (traffic volume and speed, its temporal and spatial
variations, the composition of road vehicles, etc.) and the emission factors chosen for each type
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of vehicle. Traffic data are usually obtained by in situ observation, but generally measurements
are only made on a limited number of streets or roads. The amount of data observed is often
insufficient to adequately quantify traffic on a complete urban network. In order to estimate
traffic throughout the city and thus calculate its emissions, an approximation is to make a spatial
extrapolation with many assumptions to assign traffic volume to the points where it is not
measured, but this requires making many assumptions that in most cases will not be met (Jensen
et al. 2001), generating data with great uncertainty. Another methodology that can be used is to
distribute traffic emissions over grid cells of the model, resulting in an average emission rate
based on roads or streets but without taking into account actual network traffic (Cohen et al.
2005). These indirect methods allow to model the emissions but with a big uncertainty. That is
why it is necessary to use a traffic model, as we are going to present in this work, which allows
us to know in great detail all traffic data in the entire city.

This research focus on to investigate impacts on urban pollution of real traffic restrictions
applied in the city of Madrid during a critical NOx episode. Changes in air quality are assessed
using the EMIMO-WRF/Chem modeling system. We also show how the proposed air quality
modelling system can be used to reproduce pollution episodes in cities. Other measures can also

be evaluated as change the car transport to bicycling and walking (Rabl and de Nazelle, 2012).

2. Methodology

This section describes the modeled NOx episode in Madrid, the proposed air quality
modelling tool and the experiment to evaluate the effectiveness of traffic restrictions applied in
the city of Madrid during the episode.
2.1 Episode

Madrid is a city of about 3.5 million inhabitants with a population density of 5208
inhabitants/km2. The city is surrounded by 4 ring roads, the inner ring M30 is the boundary of
the Central District. The road network in the city centre is very dense, with a high volume of
traffic. In 2016, the city of Madrid approved a new protocol for high levels of nitrogen dioxide
pollution. Four scenarios are considered depending on the pollution concentration of the
different measuring stations in the city. The scenarios add new traffic restriction measures as
the level of NO2 alert increases. Traffic restriction measures range from a reduction of the
speed limit (70 km/h) on the M30 road and its access (scenario 1) to a complete traffic

restriction in the city centre (scenario 4). Intermediate scenarios also consider a downtown
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parking restriction (scenario 2) and a partial traffic restriction depending on the license plate
(scenario 3). In the episode analysed in this work, it was activated up to scenario 3 as detailed
below. In December 2016, the levels of NO2 in Madrid were so high that authorities restricted
access to the city centre for half of the cars based on whether the license plate was even or odd.
The episode occurred from 26 to 30 December 2016, during which NO2 hourly concentrations
reached 200 pug/m3 in several monitoring stations. The worst monitoring stations, where the
maximum levels of NO2 were reached were: E. Aguirre station located east of the city, C.
Caminos station is located north of the city center and F. Ladreda station that is outside the city
center and is located south of the city, so the whole city recorded high concentrations of NO2
those days. All three stations are classified as traffic stations and are therefore highly affected
by traffic emissions. Figure 1 shows the temporal evolution of NO2 concentrations in the three
monitoring stations mentioned above and the location of all stations of the Madrid air quality
network. E. Aguirre station measured 286 ug/m3 on 27/12/2016 20:00 hours.

During the NO2 episode, several traffic restrictions were adopted by the Madrid
municipality according the Madrid Air Quality Plan 2011-2015. Figure 2 summarizes the
actions for each day. On Wednesday, December 28, the city of Madrid temporarily banned
parking in the city center by non-resident car drivers and restricted speed limits on the main
highway (M30) to 70 km/h instead of 90 km/h. Non-residents were prohibited from parking
from 9:00 a. m. local time until 9:00 p. m. within the regulated parking lots. The restriction of
access to the city centre for private vehicles was applied on Thursday 29th December, only the
odd number plates could access the inner area delimited by the road M30 (city centre). It was
activated between 6:30 a. m. and 9:00 p. m. There are several exceptions to the ban, such as
motorcycles, hybrid cars, vehicles of three or more people or vehicles for people with
disabilities. Buses, taxis and emergency vehicles are also excluded. The measurement was
triggered when the previous day's nitrogen dioxide levels in the atmosphere exceeded 180
ng/m3 and predictions did not ensure the weather conditions needed to improve air quality the

next day.
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Figure 1: Map of the Madrid air quality monitoring network and hourly values of NO2
concentrations at the three worst measurement stations on Madrid, during December, 25-31,
2016

2.2 Experiment

The experiment was designed to achieve two objectives: the first is to show how the air
quality modelling simulation system works in a NO2 episode and the second is to evaluate the
effectiveness of traffic restriction actions taken to reduce NO2 concentrations during the
episode. In order to achieve both objectives, we have designed two simulations, the first of
which has taken into account the real traffic situation of those days that included traffic
restrictions on Wednesday and Thursday, this simulation has been called "REAL" and includes
traffic restrictions on Wednesday 28 (parking) and Thursday 29 (access). This simulation is
based on traffic conditions measured by vehicle detectors installed in the city. In the second
simulation, we have deactivated traffic restrictions on Wednesday and Thursday, considering
that those two days; traffic followed a similar pattern to Wednesday and Thursday of the
previous week in which there were no restrictions. In this simulation, traffic conditions are
based on the traffic measurements of Wednesday (21), Thursday (22) and Friday (23) of the
week prior to the episode. Therefore, in this simulation the same configuration and the same
input data has been maintained except that traffic emissions are different considering a
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"typical” traffic day on Wednesday, Thursday and Friday, so this simulation has been called
"BAU" (Business As Usual). Therefore, the only difference between the "REAL" and "BAU"
simulation is that traffic restrictions do not apply in the BAU. The BAU simulation represents
what would have happened if no action had been taken on Wednesday and Thursday to reduce

pollution.

TRAFFIC RESTRICTIONS

I Monday 26 | Tuesday 27 IWednesday28| Thursday 29 | Friday 30 |

M30 - ,’:\{JC}ESOSV
@ LIMITED SPEED

’ . SCENARIO 2
Non-residents were @
banned from parking
MADRID from 9:00 am - 9:00 pm )
AIR QUALITY PLAN Only odd license plate
2011- 2015 SCENARIO 2 could go inside of M30

(city center) area
6:30 am - 9:00 pm *

* There are several exceptions to the ban, such as motocycles, hybrid cars, those
carrying three people or more or disabled people vehicles. Buses, taxis and
emergency vehicles are also exempt.

Figure 2: Scenarios and traffic restrictions applied during the Madrid NOx episode. December
26-30, 2016
The difference between the two simulations (BAU-REAL) gives us the contribution of
traffic restriction measures in reducing concentrations of pollutants in the city of Madrid. The
experiment is designed to answer the question: What was the impact of traffic restrictions on
air pollution concentrations? This contribution may be either positive (traffic restrictions have
reduced concentrations) or negative (restrictions have not improved air quality, but have
aggravated pollution by increasing concentrations in relation to BAU simulation). We simulate
the concentrations of atmospheric pollutants for the episode from December 25 to 30, 2016.
The simulation starts 2 days before the episode for spin-up effects. The experiment is high
demand computing exercise. The advances in high performance air quality model codes have
allowed running high-resolution simulations and a large number of simulations. In this case we
have used the Magerit supercomputer (CESVIMA-UPM).
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2.3 Air quality modeling system

The health In order to predict and analyse air pollution problems in cities, it is not
enough to know the flow of vehicular traffic and emissions produced by vehicles; in addition,
an air pollution dispersion model is needed to predict temporal and spatial variation in air
quality. The main input data required for the air quality model are the spatially distributed (1
km) and temporarily resolved (1 hour) emissions provided by the emission model (which in
turn requires traffic data) and the meteorological inputs. In this research we have used de
EMIMO-WRF/Chem meteorological-air quality modelling system. The EMIMO-WRF/Chem
modeling system is a three dimensional, Eulerian simulation system representing the most
advanced models in air quality simulations. The Weather Research Forecasting and Chem 3.8.1
(WRF-Chem) (Grell and Dévényi, 2002) has coupled meteorological, microphysical, chemical,
and radiative processes. WRF-Chem is a model with an increasing number of users and which
has been used to simulate air quality in many cities. On the cases that it has applied to simulate
high concentrations of pollutants, the results obtained are very satisfactory (Forkel et al., 2012,
Zabkar et al. 2013).

The model WRF-Chem can be configured with several physical and chemical
parameterizations. Choosing the best configuration for the type of simulation to be run is very
important to obtain good results. In this work, we have configured WRF/Chem to simulate
using the same parameters as in the ES1 simulations made for the International Air Quality
Assessment Model Assessment Initiative (AQMEII Phase 1l) (San José et al., 2015). This
configuration is already tested and evaluated with very good results. The mother domain of the
WRF/Chem model requires initial and boundary weather data to run the simulations. In this
experiment we have generated this data from global meteorological data produce by the GFS
model (Global Forecast System) of the National Meteorological Service of the United States
(NWS) and whose data are freely accessible. In this case we have used the 0.5° resolution
datasets.

The EMIMO emission model has been developed at UPM (San José et al., 2008) to
estimate emissions of gaseous and particulate pollutants. Regional and non-transport urban
anthropogenic urban emissions have been taken from the TNO-MACC-II emission dataset
(Kuenen et al., 2014), which was processed during phase Il of the European initiative AQMEII
(Pouliot et al., 2014). The horizontal and vertical distribution of emissions in the model's

grids, their temporal variability (monthly, daily and hourly) and the NMVOC speciation is
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carried out following Tuccella et al. (2012). Global annual emissions were processed using the
EMIMO model and distributed temporarily using profiles from Spain. Emissions are then
allocated according to grid cells according to local population and road density in the cells.
Biogenic emissions are online estimated based on the Guenther algorithm (Guenther et al.,
1993, 1994) which is included in WRF/Chem. For this study, a very important module within
EMIMO is the one that estimates road traffic emissions. This module mainly uses a bottom-up
approach using the Tier 3 method described in the EMEP/EEA 2016 Inventory of Emissions of
Air Pollutants Guide - Update Dec. 2016 (Passenger cars, light commercial trucks, heavy
vehicles including buses and motorcycles) that include specific emission factors and cover
different engine conditions, which is implemented in Copert 4 (Ntziachristos et al., 2016).
Vehicles are classified by category according to fuel type, vehicle weight, age of the vehicle
and engine capacity. For each category there are specific emission factors, which in turn
depend on the speed of the vehicle. The EMIMO traffic emissions module includes hot exhaust
gases, cold exhaust gases and evaporative emissions.

The Madrid vehicle fleet is specifically defined for this study using the data provided
by the Madrid vehicle register of December 2016. In addition to the vehicle and fuel type,
classification also takes into account the vehicle's engine type, vehicle technology (age of
vehicles). More than 600 vehicle categories have been considered in the emissions model. In
December 2016, 78% of vehicles were passenger cars, 10% motorcycles and 12% commercial
vehicles. The most commonly used fuel is 58% diesel, compared to 42% gasoline. Vehicles
over 15 years old account for 27% of vehicles. In December 2016, Madrid had 4397972
registered vehicles. Traffic activity is one of the main input data for estimating traffic
emissions. We can use measurements at a certain point, but it is not possible to obtain
sufficient measurements for all study area. Therefore, traffic flow for each segment must be
supplied by a traffic model. In order to calculate traffic emissions we need to know the number
of vehicles, vehicle mileage and speeds. All these entries are obtained through traffic
simulations with the SUMO model.

The microscopic SUMO traffic simulation (Krajzewicz et al., 2012) can be used to
determine the large-scale effects of traffic management measures. SUMO (Simulation of
Urban MODbility) is a microscopic, space-continuous and time-discrete (1s.) traffic flow
simulation platform. It is mainly developed by employees of the Institute of Transportation

Systems at the German Aerospace Center and its source code is open source. In SUMO each
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vehicle is given explicitly, defined at least by a unique identifier, the departure time, and the
vehicle’s route through the network. The SUMO tool is composed by three main sub models:
a) Car-following model which calculated the speed of a vehicle based on the vehicle ahead.
SUMO uses an extension of the stochastic car-following model developed by Stefan KrauB; b)
intersection sub model which decides the behavior of vehicles at intersections taking into
account right-of-way rules, gap acceptance and avoiding junction blockage and sub-model c)
Lane-changing which selected the lane on roads with multiples lines and ajusts the speed by
the lane changes.

The first input to SUMO is the road network, which describes the roads and
intersections used by vehicles during their journey. The road network can be obtained from
OpenStreetMap database. Our road network consists of more than 100,000 streets and road
segments. After you have generated a network, the next step is to move the vehicles in the
network. SUMO allows you to use traffic detector data to generate traffic demand. The
information collected from traffic sensors can be used to construct vehicle routing and
volumes. First, random traffic is generated for the road network and then detectors have been
used as calibrators, which are used to adjust traffic demand to the measured data. Traffic
conditions are extracted from the more than 3,000 detectors located on Madrid's streets and
highways and 2/3 of them have been used to calibrate traffic simulations, as explained below.
Hundreds of traffic simulations have been carried out for each day, with different route
configurations and the best simulation (more close to the measured data) of each day has been
chosen. More than 3,000 traffic counters were available for calibration of the SUMO model, of
which 2/3 were used for calibration and 1/3 for evaluation. A summary of the EMIMO with its

traffic emissions sub-module can be found in Figure 3.
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Figure 3: Schematic representation of EMIMO emission model including SUMO — Traffic

2.4 Simulation domains

emissions submodule.

Three domains have been defined. They are connected by a one way nesting approach.

domains need boundary conditions from its mother domains.

needed to simulate the daytime planetary boundary layer.
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The setup of the WRF/Chem
computational domains is the following: Horizontal resolutions of 25, 5 and 1 km and 45 by 50
grid cells respectively. The final domain (D3) is centered in Madrid, 3.704°W, 40.478°N. The
first domain (D1) covers the Iberian Peninsula (1000x1125 km2) and the Madrid domain (D3) is
bigger than Madrid area (40x45 km2) to assess not only the effects in urban areas, but also to
simulate the surrounding areas of the city. For the vertical resolution, the atmosphere is resolved
with 33 layers reaching 50 hPa on high, with the highest resolution of 25m near the ground.

About 15 levels are located within the lowest 2 km to assure fine vertical resolution which is
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Figure 4: Computational domains

3. Evaluation

Before showing the impact of traffic restrictions on air quality in the city of Madrid, it is
necessary to analyse the performance of the simulation tool in order to have confidence about the
impact results. First we show the evaluation of traffic simulation, then the evaluation of air
quality simulation.
3.1 Traffic simulation evaluation

The modelling results of traffic flow in Madrid network are compared with the traffic
data obtained at 1/3 of the counting stations to evaluate the simulation results with the observed
traffic volumes. Traffic simulation underestimated traffic flow (vehicles/hour) by 7.8%. The
adjustment obtained in the model calibration process shows a good convergence between the
actual traffic flow data and the results obtained with the corresponding R? of 0.97, so it can be
observed that the simulated data can describe the real traffic situation Figure 5 shows the
correlation between the average of the validation traffic counters hourly traffic flow (intensity

mean hourly - IMH) on simulated days and the simulation results.
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Real vs simulated IMH (vehicles/hour) averagein 1/3
of the Madrid traffic counters, 23-30, December, 2016
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Figure 5: Linear regression of the hourly mean intensity of average of 1/3 measurements versus
simulation results.

3.2 Air quality simulation evaluation

Next step was to evaluate NO2 predictions of the WRF/Chem model. To assess the
performance of the simulation system to forecast nitrogen dioxide, data from air quality
stations per hour were averaged in the study domain. Measurements of pollutants were
recorded by 24 surface air quality monitoring stations in the Madrid area. The statistical
parameters calculated are the NMB (Normalize Mean Bias), RMSE (Root Mean Square Error)
and correlation coefficient R%.  For nitrogen dioxide, the concentration of this pollutant is
accurately predicted in the stations (NMB, -25.42%; RMSE 27.95 ug/m3; R2, 0.8). Figure 6
shows time series and linear regression of the modelled and measured data. The value of the
correlation coefficient is very significant. A slight underestimation of modelled NO2
concentrations is observed. When assessing primary pollutants, such as NO2, it should be
considered that in the model instantaneous emissions are distributed over the full grid cell,
resulting underestimated concentrations near the source. It appears that a finer grid is important
for treating air pollution episodes in urban areas and further research will be undertaken in this

sense, using Computational Fluid Dynamics (CFD) models in the next experiments.
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Figure 6: Time series and linear regression of the modelled and measured hourly NO2
concentrations

4. Results

In this section the most outstanding results about the impacts and effectiveness of the
measures taken are showed. First we summary the traffic and emission results from the traffic
and emission model and them we focus on the air quality.
4.1 Traffic and emissions results

Traffic simulations of SUMO REAL and BAU show that on day 28 (parking
restrictions) traffic was reduced by 10.24%, on day 29 (access restrictions) traffic was reduced

by 16%, and on day 30 (parking restrictions) traffic was reduced by 6.06% If we focus on the
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city centre (within the M30) on day 28 the reduction only reached 4%, but on day 29 it reached
20%. It seems clear that access restriction measures were more effective in reducing traffic in
the city centre, while parking restrictions for non-residents affected more vehicles from outside
the centre of Madrid. Because they could not park and used other modes of transport to arrive
to the city. The main differences between REAL and BAU simulations can be observed on day
29, especially during the early hours of the day when people go to work. On the 30th, which
was Friday parking restrictions did not reduce traffic almost in the afternoon. On the 28th
(Wednesday) the reduction is maintained throughout the whole day (morning and afternoon). If
we now compare Madrid's emissions for these days, we can see that on day 28 parking
restrictions reduce the emission of NOx to -8.27%, on day 29 -10.28% and on day 30 the
reduction is only -1.77%.
4.2 Air quality results

In the previous sections, the air quality modelling system was described and evaluated.
This section presents some results on impacts and will comment on the efficacy of traffic
restrictions to reduce air pollution in Madrid on the days of the episode. Figure 7 shows the
spatial distributions of average daily NO2 concentrations for REAL simulation (without traffic
restrictions) for days 28 and 29 (the two most important days of the episode) with 1 km of
spatial resolution. Representative wind vectors of those days are also shown. In Figure 7, we
can see that the concentration are higher in the day 29 that in the day 28. In the day 29, the
maximum concentrations cover all the city center area, while the day 28 the most affected
areas are those are located on the South and West part of de Madrid, according with the
predominant wind direction. Figure 8 shows the spatial distributions of NO2 daily average
differences for REAL and BAU traffic conditions.
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December, 28, 2016
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EMIMO-WRF/Chem 1Km  “REAL” simulation  Daily average NO, (ug/m3)

Figure 7: Madrid, 1 kilometer resolution. NO2 daily average concentrations. December, 28 left
and 29 right with winds vectors

December, 28, 2016 December, 29, 2016
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0 10000 -10000 o 10000

Figure 8: Madrid, 1 kilometer resolution. Differences between REAL and BAU simulation for
NO2 daily average concentrations. December, 28 (parking restrictions) left and 29 (access
restrictions) right.

Figure 8 represents the difference in the spatial distribution and magnitude of
concentrations between REAL and BAU for NO2 in our inner domain. It shows small
differences between REAL and BAU NO2 concentrations (-2.5 ug/m3 for day 28 and -4.2
ug/m3 for day 29). The differences are more important on day 29 than on day 28, so access

Available Online at: http://qrdspublishing.org/ 116



http://grdspublishing.org/journals-LIFE-home

@ CrossMark / B\ Global Research &
LIFE: International Journal of Health and Life-Sciences H

ISSN 2454-5872

restrictions have more impacts on NO2 concentrations than parking limitations. The North of
the city is the part where the traffic has less impact (green areas) on the air quality, so the

lowest difference occurs in the North and small area in the East of the city for both days.

Figure 9 shows the spatial distributions of NO2 daily maximum differences for REAL
and BAU traffic conditions for the day 29. In Figure 9 we can see that the traffic access
restriction of the day 29 can reduce the daily maximum concentrations of NO2 up to 14 ug/m?® in
the west-south part of the city. It is not enough to avoid the exceedances of the NO2 directive. If
we focus on the location where the highest NO2 concentrations were reached (E. Aguirre
station), the traffic restrictions had soft effects, on day 28 -1.62 % , on day 29 -2.04% and on
day 30 -0.36%. Both simulations (REAL and BAU) are quite similar, so the traffic restrictions

were not effective to avoid the NO2 episode and new decisions must be research.

December, 29, 2016

-10000 o 10000

{EAL - BAU Daily Maximum NO, (pg/m?3)

Figure 9: Differences between REAL and BAU simulation for NO2 daily maximum
concentrations. December, 28 (parking restrictions) left and 29 (access restrictions) right.

4. Conclusions

An air quality modelling system has been implemented, evaluated and applied for a
high pollution episode. The model includes an emission model (EMIMOQO), which includes the
SUMO model for traffic and a transport and pollutant chemistry model (WRF/Chem). The
modelling system has been used to simulate an episode of high NO2 concentrations in the city
of Madrid during December 2016 with high spatial resolution (1 km). Performance evaluation

has been satisfactory, with good values in correlation coefficients, although at some local
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points the system has not been able to reach the maximum peaks of NO2 concentrations
measured by monitoring stations. The 1 km resolution has not been enough to capture some
very local peaks of concentration. We are working on integrating a CFD (50-meter resolution)
model into the system to more accurately reproduce observed air concentrations. However, the
statistical values obtained by comparing simulated measurements and concentrations are
consistent with the reference values set in European Directive 1999/30/EC and 2008/50/EC for
the uncertainty of air quality models. The results of the SUMO model - like those obtained in
this experiment - are fully applicable in future CFD simulations (future works) because the
SUMO model produces vector data adapted to any spatial grid resolution.

The modeling system has been used to assess the effectiveness of the traffic restriction
measures (parking restrictions at points 28 and 30; access limitations at point 29) taken by the
Madrid City Council to try to reduce NO2 concentrations. The evaluation was carried out by
comparing the REAL simulation (with traffic restrictions) with a BAU simulation (without
traffic restrictions). Although traffic decreased by 10% on 28 December, 16% on 29 December
and 6% on 30 December, daily NO2 concentrations decreased by only 1.5%, 28.2% on 29
December and 0.5% on 30 December. These results show that the measures taken were not
sufficiently effective compared to the effort to reduce traffic. Other studies over different cities
have shown that meteorological conditions are the main reasons for air pollutant episodes and
that the emission control measures are not effective to mitigate the air pollution (Liu et al.,
2017). Other measures should be evaluated with less impact on citizens and with a greater
capacity to reduce air pollution (transformation of diesel fuel into electric vehicles, prohibition
of driving vehicles over 15 years old, reduction of traffic speed, etc.). Some of these actions
have been evaluated with a different modelling tool over other Spain regions (Arasa et al.,
2014).

Acknowledgements

The UPM authors acknowledge the computer resources and technical assistance provided by the
Centro de Supercomputacion y Visualizacion de Madrid (CeSViMa). The UPM authors thankfully
acknowledge the computer resources, technical expertise and assistance provided by the Red

Espafiola de Supercomputacion.).

References

Arasa, R., Lozano-Garcia, A., & Codina, B. (2014). Evaluating Mitigation Plans over Traffic

Sector to Improve NO2 Levels in Andalusia (Spain) Using a Regional-Local Scale

Available Online at: http://qrdspublishing.org/ 118



http://grdspublishing.org/journals-LIFE-home

PR\ Global Research &

|| Development Services

@ CrossMark
LIFE: International Journal of Health and Life-Sciences
ISSN 2454-5872

Photochemical Modelling System. Open Journal Of Air Pollution, 03(03), 70-86.
https://doi.org/10.4236/0jap.2014.33008

Carslaw, D., Murrells, T., Andersson, J., & Keenan, M. (2016). Have vehicle emissions of

primary NO2 peaked?. Faraday Discussions, 189, 439-
454. https://doi.org/10.1039/C5FD00162E
Cohen, J., Cook, R., Bailey, C., & Carr, E. (2005). Relationship between motor vehicle

emissions of hazardous pollutants, roadway proximity, and ambient concentrations in
Portland, Oregon. Environmental Modelling & Software, 20(1), 7-12.
https://doi.org/10.1016/j.envsoft.2004.04.002

Duclaux, O., Frejafon, E., Schmidt, H., Thomasson, A., Mondelain, D., & Yu, J. et al. (2002).
3D-air quality model evaluation using the Lidar technique. Atmospheric Environment,
36(32), 5081-5095. https://doi.org/10.1016/S1352-2310(02)00418-1

European Environment Agency (2003). Europe's environment: the third assessment.

Luxembourg.

Forkel, R., Werhahn, J., Hansen, A., McKeen, S., Peckham, S., Grell, G., & Suppan, P. (2012).
Effect of aerosol-radiation feedback on regional air quality — A case study with
WRF/Chem. Atmospheric Environment, 53, 202-211.
https://doi.org/10.1016/j.atmosenv.2011.10.009

Grell, G., & Dévényi, D. (2002). A generalized approach to parameterizing convection

combining ensemble and data assimilation techniques. Geophysical Research Letters,
29(14), 38-1-38-4. https://doi.org/10.1029/2002GL 015311

Guenther, A., Zimmerman, P., & Wildermuth, M. (1994). Natural volatile organic compound

emission rate estimates for U.S. woodland landscapes. Atmospheric Environment,
28(6), 1197-1210. https://doi.org/10.1016/1352-2310(94)90297-6
Guenther, A., Zimmerman, P., Harley, P., Monson, R., & Fall, R. (1993). Isoprene and

monoterpene emission rate variability: Model evaluations and sensitivity analyses.
Journal Of Geophysical Research, 98(D7), 12609. https://doi.org/10.1029/93JD00527
Heiko Klein, A. (2018). EMEP/MSC-W SR data. Retrieved from

http://www.emep.int/mscw/mscw srdata.html

Jensen, S., Berkowicz, R., Sten Hansen, H., & Hertel, O. (2001). A Danish decision-support

GIS tool for management of urban air quality and human exposures. Transportation

Available Online at: http://qrdspublishing.org/ 119



http://grdspublishing.org/journals-LIFE-home
https://doi.org/10.4236/ojap.2014.33008
https://doi.org/10.1039/C5FD00162E
https://doi.org/10.1016/j.envsoft.2004.04.002
https://doi.org/10.1016/S1352-2310(02)00418-1
https://doi.org/10.1016/j.atmosenv.2011.10.009
https://doi.org/10.1029/2002GL015311
https://doi.org/10.1016/1352-2310(94)90297-6
https://doi.org/10.1029/93JD00527
http://www.emep.int/mscw/mscw_srdata.html

PR\ Global Research &

|| Development Services

@ CrossMark
LIFE: International Journal of Health and Life-Sciences

ISSN 2454-5872

Research Part D: Transport And Environment, 6(4), 229-241.
https://doi.org/10.1016/S1361-9209(00)00026-2
Krajzewicz, D., J. Erdmann, M. Behrisch, and L. Bieker (2012) Recent Development and

Applications of SUMO - Simulation of Urban MObility. International Journal On
Advances in Systems and Measurements, 5 (3&4), pp. 128-138. ISSN 1942-261x.
Kuenen, J., Visschedijk, A., Jozwicka, M., & Denier van der Gon, H. (2014). TNO-MACC I
emission inventory: a multi-year (2003-2009) consistent high-resolution European
emission inventory for air quality modelling. Atmospheric Chemistry And Physics
Discussions, 14(5), 5837-5869. https://doi.org/10.5194/acpd-14-5837-2014

Liu, T., Gong, S., He, J., Yu, M., Wang, Q., & Li, H. et al. (2017). Attributions of
meteorological and emission factors to the 2015 winter severe haze pollution episodes
in China's Jing-Jin-Ji area. Atmospheric Chemistry And Physics, 17(4), 2971-2980.
https://doi.org/10.5194/acp-17-2971-2017

Ntziachristos, L., Papadimitriou, G., Ligterink, N., & Hausberger, S. (2016). Implications of

diesel emissions control failures to emission factors and road transport NO x evolution.
Atmospheric Environment, 141, 542-551.
https://doi.org/10.1016/j.atmosenv.2016.07.036

Pope, C., & Dockery, D. (2006). Health Effects of Fine Particulate Air Pollution: Lines that
Connect. Journal Of The Air & Waste Management Association, 56(6), 709-742.
https://doi.org/10.1080/10473289.2006.10464485

Pouliot, G., Pierce, T., Denier van der Gon, H., Schaap, M., Moran, M., & Nopmongcol, U.

(2012). Comparing emission inventories and model-ready emission datasets between
Europe and North America for the AQMEII project. Atmospheric Environment, 53, 4-
14. https://doi.org/10.1016/j.atmosenv.2011.12.041

Rabl, A., & de Nazelle, A. (2012). Benefits of shift from car to active transport. Transport
Policy, 19(1), 121-131. https://doi.org/10.1016/j.tranpol.2011.09.008

San José, R., Pérez, J., Balzarini, A., Baro, R., Curci, G., & Forkel, R. et al. (2015). Sensitivity
of feedback effects in CBMZ/MOSAIC chemical mechanism. Atmospheric
Environment, 115, 646-656. https://doi.org/10.1016/j.atmosenv.2015.04.030

San José, R., Pérez, J., Morant, J., & Gonzélez, R. (2008). European operational air quality
forecasting system by using MM5-CMAQ-EMIMO tool. Simulation Modelling
Practice And Theory, 16(10), 1534-1540. https://doi.org/10.1016/j.simpat.2007.11.021

Available Online at: http://qrdspublishing.org/ 120



http://grdspublishing.org/journals-LIFE-home
https://doi.org/10.1016/S1361-9209(00)00026-2
https://doi.org/10.5194/acpd-14-5837-2014
https://doi.org/10.5194/acp-17-2971-2017
https://doi.org/10.1016/j.atmosenv.2016.07.036
https://doi.org/10.1080/10473289.2006.10464485
https://doi.org/10.1016/j.atmosenv.2011.12.041
https://doi.org/10.1016/j.tranpol.2011.09.008
https://doi.org/10.1016/j.atmosenv.2015.04.030
https://doi.org/10.1016/j.simpat.2007.11.021

PR\ Global Research &

|| Development Services

@ CrossMark
LIFE: International Journal of Health and Life-Sciences

ISSN 2454-5872

Seinfeld, J., Pandis, S., & Noone, K. (1998). Atmospheric Chemistry and Physics: From Air
Pollution to Climate Change. Physics Today, 51(10), 88-90.
https://doi.org/10.1063/1.882420

Tuccella, P., Curci, G., Visconti, G., Bessagnet, B., Menut, L., & Park, R. (2012). Modeling of

gas and aerosol with WRF/Chem over Europe: Evaluation and sensitivity study. Journal

Of Geophysical Research: Atmospheres, 117(D3), n/a-n/a.
https://doi.org/10.1029/2011JD016302
Zabkar, R., Kora¢in, D., & Rakovec, J. (2013). A WRF/Chem sensitivity study using ensemble

modelling for a high ozone episode in Slovenia and the Northern Adriatic area.
Atmospheric Environment, 77, 990-1004.
https://doi.org/10.1016/j.atmosenv.2013.05.065

Zhang, Y., Bocquet, M., Mallet, V., Seigneur, C., & Baklanov, A. (2012). Real-time air quality

forecasting, part I: History, techniques, and current status. Atmospheric Environment,
60, 632-655. https://doi.org/10.1016/j.atmosenv.2012.06.031

Available Online at: http://qrdspublishing.org/ 121



http://grdspublishing.org/journals-LIFE-home
https://doi.org/10.1063/1.882420
https://doi.org/10.1029/2011JD016302
https://doi.org/10.1016/j.atmosenv.2013.05.065
https://doi.org/10.1016/j.atmosenv.2012.06.031

