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Abstract

In this contribution, we present an evaluation of different mitigation plans to improve NO; levels
in Andalusia, a region in the south of Spain. Specifically, we consider four possible mitigation plans:
the effects over NO; concentration of apply changes in the distribution of Vehicles Park; the effect
of realize traffic restrictions (affecting to the density flow of vehicles) over highways and main
roads; the effect of replacement of diesel use by natural gas in urban areas; and the effect of ap-
plying new velocity limits to access to urban areas. A sophisticated air quality modelling (AQM)
system has been used to evaluate these mitigation plans. AQM implemented is composed on WRF
meteorological model, an emission model created by the authors and CMAQ photochemical model.
AQM analyzes mitigation plans during fifteen episodes of 2011 where NO: levels were the highest
of the year; so we analyze the effect of mitigation plans in worst conditions. Results provided by
the AQM system show that: 1-h maximum daily NO; is reduced to 10ug-m-3 near circulation roads
when traffic restrictions and velocity limits plans are applied (NOx emissions are reduced in 9% -
15%); 1-h maximum daily NO: is reduced to 12 pg-m-3 affecting all municipalities when changes in
the distribution of Vehicles Park are applied (NOx emissions are reduced in 25% - 26%); and the
replacement of fuel of urban buses does not affect considerably NO; levels.
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1. Introduction

Cities, which concentrate 50% of population in 0.1% of land area, generate the largest amount of gases and
aerosols emitted into the atmosphere, influencing weather and climate [1]. In Europe, air emissions have been
reduced significantly in recent years [2], although pollutant concentrations remain high, particularly in urban
areas. Recently, the World Health Organization [3] has included pollution as one of the cancer-causing agents
for the first time. In urban areas and conurbations, the main cause of pollution is road traffic emissions associ-
ated with combustion and road dust resuspension processes [4]-[7]. In these areas, nitrogen dioxide (NO,) is one
of the pollutants having higher levels [8] in reference with the air quality standards (European Directive
EC/2008/50). In Spain, annual average values of NO, are elevated in many urban air quality measurement sta-
tions with traffic influence [8]. In this sense, scientific studies have demonstrated that exposure to a NO, con-
centration higher than 150 pg-m 2 by the population, can increase respiratory problems as inflammation [9], can
lead to asthmatic responses in sensitive people to allergens [10] or even cause premature death [11].

In order to improve air quality levels in urban areas, international and national action plans have been devel-
oped in the last years [12] [13]. In the same way, numerous regional and local air quality plans have been de-
signed in Spain [14]. Policies to improve air quality have followed different strategies associated: to decrease
variables associated with traffic which directly affect the amount of pollutant emissions (velocity or intensity
vehicles flow); and to change Vehicles Park distribution introducing new technologies or alternative fuels [15]
[16].

Models are a very useful tool for local administrations for planning and managing production, human re-
sources, activities and emergency proceedings; and to introduce improvement plans of air quality in urban areas.
During the last years, air quality models have been used in numerous studies providing the difference of pollut-
ants concentration and a quantitative assessment of the effect of policies and mitigation plans [17]-[21].

This work aims to investigate the effect on urban NO, concentrations of four possible mitigation plans: the
effect of apply changes in the distribution of Vehicles Park; the effect of realize traffic restrictions over high-
ways and main roads; the effect of replacement of diesel use by natural gas in urban buses; and the effect of ap-
ply new velocity limits to access to urban areas. We have used WRF-ARW/AEMM/CMAQ modelling system
(section 2.2) to evaluate the impact of each scenario by sensitive analysis. To develop this air quality modelling
system focused on NO, in this study, we have followed the recommendations proposed by [22] on the Guide on
modelling Nitrogen Dioxide (NO,) for air quality assessment and planning to the European Air Quality Direc-
tive.

Description of the modelling system used, is presented in Section 2, as well as the area characteristic, data
used, episode selection and mitigation plans proposed. A detailed analysis of the results obtained is presented in
Section 3, and finally, some conclusions are reported in Section 4.

2. Studied Area and Methodology

In the following sections, we comment a description of the modelling system, the features of the studied area,
the period analyzed, action plans considered and its corresponding scenarios.

2.1. Area Characteristic and Episode Selection

The area of study has been Andalusia in the south of Spain (Figure 1). Andalusia covers 17.3 percent of the ter-
ritory of Spain. Andalusia is surrounded by Portugal and the Atlantic Ocean in the east, and by the Mediterra-
nean Sea in the west. Andalusia is one of the main points of entry to Europe for international ships and in the
Strait of Gibraltar sail more than 100,000 ships per year. Andalusia provides the main point of connection be-
tween Europe and Africa, with a high traffic of vehicles and facilitates the passage of people and goods between
both continents.

The population of Andalusia reached in 2012 a population of 8,421,274 (around 18% of Spain). Andalusia is
divided into eight provinces: Almeria, Cadiz, Cordova (Figure 1(b)), Granada, Huelva, Jaen, Malaga (Figure
1(c) and Figure 1(d)) and Seville (Figure 1(a)), being the city of Seville its capital and the largest urban ag-
glomeration in Andalusia with a population of 1,217,811.

Andalusia has around 1000 km of coast line and presents a varied and complex topography. Main mountain
ranges are the Sierra Morena, including Sierra Nevada (Mulhacén Peak, 3481 m.a.s.l), and the Baetic System.
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Figure 1. Models domains for simulations (left panel). Zoom domain of Seville (a); Cordova (b); Malaga western (c); Ma-
laga eastern (d). [Images generated using Google Earth].

The Iberian Massif and the Baetic System are separated by a large depression corresponding to the Gua-
dalquivir basin that crosses Andalusia from NE to SW. Different climate and topographic patterns can be asso-
ciated to each one of these three zones.

Since a climate point of view Andalusia is located in a transition zone from temperate to subtropical climates,
presenting a Mediterranean climate ruled by the Azores high. Andalusia’s interior is the hottest area of Europe
and temperatures rises above 40°C during summer time. Most precipitation in Andalusia occurs from autumn to
spring, associated mainly with Atlantic frontal systems. And in Andalusia is the unique desert area in the Europe
(Desierto de Tabernas).

Pollutant air emissions in Andalusia are diverse, considering important natural and anthropogenic contribu-
tions. As anthropogenic contributions we can remark traffic emissions from urban areas of Seville and Malaga,
industrial emissions from Huelva and Algeciras Bay, and emissions from ships crossing the Strait of Gibraltar.
Furthermore, as the authors have analyzed, natural emissions contribute considerably to the air quality levels in
the region. In this sense, and depending on the weather conditions, biogenic emissions in Andalusia can contrib-
ute up 10% of ozone levels, and sea-salt aerosols and erosion dust can contribute up 10% and 20% respectively.

Regarding the air quality levels, levels of PM;y and PM, s was low during 2011 (without considers Saharan
dust) with exceedances of the daily limit value of PMy, only in points of Jaen and Granada. NO, annual limit
value was exceeded in Granada and Seville associated to traffic emissions. O information threshold value was
exceeded in three occasions in Seville decreasing considerably regarding the last years. And SO, daily limit
value only was exceeded in Cadiz associated to the petrochemistry industry in the Algeciras Bay.

In Figure 1, we show models domains used for simulations (section 2.2) that represents different areas of
Andalusia.

To analyze the effect of mitigation plans we have considered an amount of fifteen meteorological episodes
(corresponding five for Seville, five for Cordova and five for Malaga) of 96 hours in 2011. During this year, the
NO, limit value fixed by the European Directive EC/2008/50 (200 pg'm °) was exceeded on 18 times. We have
selected meteorological episodes with the highest NO, concentration measured, evaluating mitigation scenarios
in the worst case since an air quality point of view. For this analysis we have not considered holidays and we
have tried to consider all climatic stations.

We have characterized episodes using air quality measurements from the Air Quality Network that belongs to
the Environmental and Water Agency of Andalusia. In Table 1, we show the date of every episode selected and

the maximum 1-h measured in each station.



R. Arasa et al.

Table 1. Daily maximum 1-h value measured in the air quality stations in meteorological episodes selected.

Air quality station

NO, daily maximum 1-h (ug'm )

Seville February, 11°% March, 171 October, 4" November, 271 December, 19"
Alcalé de Guadaira 129 129 116 137 110
Aljarafe 117 97 81 101 113
Bermejales 157 160 146 199 194
Centro 109 124 117 113 127
Dos Hermanas 105 97 76 87 93
Principes 145 161 120 163 158
Ranilla 253 211 170 226 210
San Jerénimo 92 92 131 119 153
Santa Clara 110 102 120 136 166
Torneo 181 162 208 146 205

Cordova April, 7" June, 19" September, 6" October, 5" October, 13™

Asomadilla 91 62 103 58 82
Lepanto 110 58 112 126 144

Malaga February, 22" April, 71" July, 5™ October, 5" December, 22™
Campanillas 101 66 108 23 74
Carranque 117 163 135 180 166
El Atabal 93 108 105 119 84
Marbella 82 41 81 61 72

2.2. Modelling Approach

Authors have an extensive experience as modellers [23]-[26] designing and implementing air quality modelling
systems and configuring these ones with the optimum parameterizations to reduce the uncertainty of the models
[27] [28]. The authors have applied this kind of models as forecast tool as assessment tool of mitigation plans
working in collaboration with different regional and local administrations (Environmental and Water Agency of
Andalusia Government, Environment and Planning Agency of Madrid Government and Territory and sustain-
ability Agency of Catalan Government).

The air quality modelling system used is composed by a meteorological model, an emission model and a
photochemical model. To configure models we have used the recommendations and requirements indicated in
the Guideline on modelling Nitrogen Dioxide (NO,) for air quality assessment and planning relevant to the
European Air Quality Directive [22]. We have used these guidelines to choose the kind of models more opti-
mum to evaluate mitigation plans of NO, levels.

This coupled air quality modelling system has been applied and tested successfully in urban, industrial and
mine areas. Urban areas as Madrid, Barcelona (Spain) or Nice (France); industrial areas as Ponferrada or Tar-
ragona (Spain); and mine areas as Calama (Chile). The air quality modelling system showed has been evaluated
using Maximum Relative Directive Error [29] referred in the European Directive EC/2008/50. Results obtained
from this evaluation accomplish the model uncertainty limits according to the Directive for the pollutants Os,
NO,, PMy,, SO, and CO, having used measurements from more than 120 stations (urban, suburban and rural lo-
cations) during a period of three years. In the following lines we present the main features of the models in-
volved in the coupled modelling system.

Weather Research and Forecasting—Advanced Research (WRF-ARW) version 3.3 was used as mesoscale
meteorological model [30]. WRF model was configured with six nested domains with 15 (first domain), 3 (sec-
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ond domain) and 0.5 km (inner domains) of horizontal resolution, as we can see in Figure 1. First domain,
called d01, covers the whole Iberian Peninsula, south of France and north of Africa with 100 x 100 grid cells.
Second domain (d02), covers the region of Andalusia with 201 x 136 cells. And the inner domains cover Seville
and its metropolitan area (d03 with 115 x 115 cells), Cordova (d04 with 115 x 115 cells) and Malaga-Costa del
Sol (d05 with 127 x 103 and d06 with 133 x 97 cells) areas. The vertical resolution includes 32 levels, 22 below
1500 meters, with the first level at approximately 15 meters and the domain top at about 100 hPa. Initial and
boundary conditions for domain d01 are updated every six hours using GFS (Global Forecast System) model
from the National Oceanic and Atmospheric Administration (NOAA). Planetary boundary layer scheme used in
the simulations is Yonsey University [31]. Microphysics scheme corresponds on Lin scheme [32]. GFDL [33]
and MM5 [34] scheme are used as long wave and short wave radiation scheme respectively. Noah LSM is the
land surface model [35] used, Eta similarity is considered as surface layer scheme [36] and Grell 3D [37] is the
cumulus parameterization applied. Two-way nesting is used as relationship between domains.

Emissions are obtained by the Air Emission Model of Meteosim (AEMM) [38]. AEMM is a numerical, de-
terministic, Eulerian, regional and local-scale model developed by Meteosim S.L. It allows obtaining the inten-
sity of emissions in different areas, either anthropogenic (traffic, industry, residential, etc.) or natural (emissions
caused by vegetation or erosion dust) for the area of interest. This model combines two emission calculation
methods: top-down and bottom-up. The first is based on the space-time disaggregation of lower-resolution in-
ventories (e.g.: EMEP or EDGAR) in accordance with land use and statistical functions associated with different
socio-economical variables. Through the second method the model calculates the cell-to-cell emissions from the
relevant domains based on emission factors (EMEP/EEA or EPA) or local emission inventories (e.g.: PRTR or
autonomic inventories). AEMM is designed to work with various chemical mechanisms (CB4, CB5, SAPRC,
AERO4 and AEROS5) and it is adaptable to other chemical mechanisms. AEMM is coupled to the meteorologi-
cal model WRF and to the CMAQ photochemical model, and may be coupled to other models. AEMM takes
into account elevated sources, considering 8 vertical levels for industrial emissions. Monthly, weekly and verti-
cal profiles from the Unified EMEP model are applied to determine the value of an emission for every month
and day of the year, and vertical level. To obtain emissions in every domain of simulation, we use the two
methods of AEMM. By one hand, we use top-down methodology to calculate emissions for d02 domain using
the European annual inventory EMEP/MSC (EMEP Chemical Transport Model www.emep.int), and our disag-
gregation is based on land used CLC2006 (Corine Land Class 2006) with 250 meters of resolution, coupled with
different statistical functions depending on socio-economic variables [39]. On the other hand, we use bottom-up
methodology to calculate emissions for d03, d04, d05 and d06 domains. In any cell we consider industrial, resi-
dential and institutional, traffic, solvent, ships traffic, airports, waste treatment and natural emissions.

To simulate NO, physical and chemical processes into the atmosphere, we use the US Environmental Protec-
tion Agency models-3/CMAQ model [40]. CMAQ is an open-source photochemical model which is updated pe-
riodically by the research community. In this contribution we use CMAQv4.7.1 (www.cmascenter.org), consid-
ering CB-5 chemical mechanism and associated EBI solver [41], and AEROS5 aerosol module [42]. Regarding
NO, atmospheric chemistry, CB-5 considers 155 chemical reactions that involve NOXx, non-methanic volatile
organic compounds (NMVOCSs) or ozone (Oz). CMAQ model uses the same domain configuration as the WRF
simulation. Initial and boundary conditions for d02 domain are provided by the results of simulation of d01 do-
main. And inner domains with very high resolution are initialized using Andalusia domain results. Meteorol-
ogy-Chemistry Interface Processor (MCIP) version 3.6 is used to prepare WRF output to CMAQ model. And
AEMM model prepares emissions as AERO5 and CB-5 modules require.

In Figure 2, we show an example of CMAQ output for NO, daily maximum 1-h in each domain of high
resolution.

Numerical simulations are executed for 96 hours corresponding on every episode selected, taking the first 24
hours as spin-up time to minimize the effects of initial conditions. Air Quality modelling system works opera-
tionally in a computing cluster own of Meteosim with 27 nodes and more than 150 cores.

2.3. Mitigation Plans and Scenarios

In this research, four different scenarios over traffic sector have been considered. Every scenario is associated
with a mitigation plan. The first one is based on traffic restrictions. Five different areas have been defined, in
which a reduction in traffic volume has been imposed. The centre of each city has been defined as Zone 0. In
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Figure 2. NO, daily maximum 1-h obtained from CMAQ in Seville (a, 12/02/2011), Cordova (b, 08/04/2011),
Malaga western (c, 06/07/2011) and Malaga eastern (d, 06/10/2011).

this area no traffic has been allowed. Other routes inside the city are defined as Zone 1 and a traffic reduction of
20% has been imposed. Big motorways form the Zone 2, with a reduction of 15%. Regional and national roads
make up the Zone 3 with a traffic reduction of 10%. Finally, the rest of routes away of the city are defined as
Zone 4 with a traffic reduction of 5%.

The main idea is to impose an effective traffic reduction in the analysed cities. Other forms of public transport
have to balance the private traffic reduction, in order to maintain the economical activity in these areas.

In Figure 3 we can see geographical distribution of traffic restriction designed.

The second scenario imposes a reduction in the velocity. The maximum velocity is decreased between 10 and
20 kmrh ™, in function of the type of route analysed. The maximum velocity for motorways comes down from
120 kmh ™ to 100 km-h ™. In regional and national routes, the maximum velocity is reduced from 100 km-h * to
90 km-h™*. Finally, in the rest of routes, maximum velocity decreases from 90 km'h * to 80 km-h . Traffic emis-
sions are calculated using AEMM model based on emission factors from EEA/EMEP CORINAIR and these
emission factors depends on the velocity of circulation. In Figure 4, we can see geographical distribution of ve-
locity limitation designed.

With the third scenario, a renewal of the vehicle fleet is assumed. Each private vehicle with more than 12
years is replaced by a new vehicle with the same cubic capacity and fuel, but according with the new laws about
vehicle emissions. Traffic emissions are calculated using AEMM model based on emissions factors from
EEA/EMEP CORINAIR. Emission factors relate emissions of a pollutant with a vehicle type depending on the
directive to which they belong (age of the vehicles). For this reason, variations in the distribution of the fleet

cause different emission values.
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Traffic restrictions
| Big motorways (15% reduction in traffic volume)
Regional and national roads (10% reduction in traffic volume)!
Rest of routes (5% reduction in traffic volume)
[ Urban arcas (20% reduction in traffic volume)
|:|City center (traffic restriction)

Velocity Limiting Acces to Urban Areas

= Big motorways (120 Km/h => 100 Km/h)
Regional and national roads (100 Km/h =>90 Km/h)
Rest of routes (90 Km/h —> 80 Km/h)

Figure 4. Geographical distribution of velocity limiting access plan over Seville, Cordova and Malaga.

The last scenario supposes a replacement of the current urban public buses by a new fleet of buses powered
by natural gas. This replacement affects the emission factors applied for the traffic emission calculation. In Ta-
ble 2 we present the emission factor used for urban buses powered by natural gas and by diesel.

3. Results and Discussion

Every defined scenario has been compared with the base case from sensitivity analysis, as [22] [34] recommends.
The sensitivity analysis consists in the comparison between the results obtained by the AQM for the real sce-
nario, defined as base scenario, and the results from simulations introducing different emissions, corresponding
to the emissions resulting from the implementation of mitigation plans. This approach using air quality models
can directly determine the effect of emission reduction measures on pollutant concentrations at any point in
space and time.

Base scenario is calculated applying the coupled air quality modelling system developed considering real
emissions (industry, traffic, natural, etc.) in the region, whilst every defined scenario is calculated by the same
way modifying Vehicles Park Distribution, velocity of circulation or intensity vehicles flow in AEMM.
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Table 2. Emission factors used for urban public buses powered by natural gas and by diesel from EEA/EMEP
CORINAIR.

Pollutant Emission (g-km™*) Natural Gas Emission (g-km ™) Diesel (50 km-h™?)
Cco 1.0 1.2
NMVOC 1.0 0.2
NOy 25 6.2
PMyo 0.005 0.121
SO, 0.00 0.15

To analyze the effect of every mitigation plan, we have considered the effect over several statistical values of
NO, (daily value and daily maximum 1-hour value) and O3 (daily maximum 1-h and daily maximum 8-h value).
We show the results in air quality stations (considering the grid cell that corresponds to every station) and over
municipalities. In the last case we analyze two kinds of results: the average value over municipalities that corre-
spond on the average value for all grid cells of modelling domain that cover the municipality; and the maximum
reduction obtained in any cell that cover the municipality.

In Table 3 we present the comparison of the effect over NO, daily maximum 1-h and daily value of every
mitigation plan designed in each air quality measurement station.

Results show that the mitigation plans designed affects NO, levels with different intensity. In any case NO,
concentration is reduced when mitigation plans are applied. Traffic restriction plan reduce up a 7% NO, levels
in the air quality stations near the city of Seville and Cordova and up an 11% in the case of Malaga. Velocity
limiting plan reduce a 3% NO, levels in Seville, 1% in Cordova and up a 10% in the case of Malaga. The effect
of rejuvenation of Vehicles Park plan is the most intensive and we can observe reductions up a 12% in Seville, a
9% in Cordova and a 13% in Malaga. And finally, the effect of transport public plan is very low with reductions
lower than 0.3%.

In Table 4 we present the comparison of the effect over NO, daily maximum 1-h of every mitigation plan de-
signed in the municipalities that present greater NO, levels evaluated by the air quality modelling.

Maximum reduction of NO, levels in the domain of Seville obtained applying traffic restriction plan and re-
juvenation of Vehicles Park is reproduced in the city of Seville (reducing a 19% and a 26% NO, daily maximum
1-h respectively. However, is in Tomares where is reproduced the most important change of NO, concentration
applying velocity limiting access plan (reducing a 20%).

In the case of Cordova we reproduce the maximum effect of mitigation plans in the city of Cordova and the
effect is significantly greater than in the rest of municipalities. Otherwise, in the domain of Malaga-Costa del
Sol, Malaga, Fuengirola, Marbella, Torremolinos and Benalmadena show similar results between them.

In the following sections we present individually the effect of mitigation plans defined over NO, and Os lev-
els in meteorological periods associated with high NO, concentration.

3.1. Traffic Restrictions

The application of this plan reduces a 13% traffic nitrogen monoxide emissions in Seville and its metropolitan
area; a 14% in Cordoba; and a 15% in Malaga-Costa del Sol.

In Figure 5 we present the difference between NO, daily maximum 1-h between traffic restriction scenario
and base scenario averaged for all meteorological periods considered.

As the Figure 5(a) shows, the main reduction of NO, levels in Seville is obtained in the city centre and in the
main routes that connect the centre with the big neighbour towns. This action offers the biggest reduction of the
NO, levels. In a similar way, the reductions reached in the other analysed areas are bigger in the centre of the
cities than in the suburban areas. City centres are the most complicated areas from the point of view of pollut-
ants, because the emission levels are bigger in comparison with other zones. The reduction in these areas is the
most important step in order to improve the air quality. This mitigation plan is associated with reductions of NO,
maximum 1-h greater than 4 pg-m"3, reducing up 10% NO, levels.

@
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Table 3. Effect of mitigation plans over NO, values in air quality stations. “These values correspond on average value for all mete-
orological periods selected. These values correspond on the difference between the average value of mitigation plan and base sce-

nario.
Scenario
_ _ ' Base” Traffic restriction™ Iimi;i/slgog(i:tc);ss** 5?#,\2 ?Q:ggrr]k(*)*f Transport public™
Air quality station
Maxin NO:DAl \pOF NO.Daly \CF, NO:Daly iR NO:Daly \oF,  NO:Daily
p s ET e S p s ET — pg'm i pg'm
Seville
Alcalad de Guadaira ~ 24.94 9.20 -0.54 -0.15 -0.41 -0.12 -0.85 -0.24 -0.02 0.00
Aljarafe 41.58 16.60 -2.87 -0.90 -2.15 -0.67 —4.87 -1.54 -0.10 -0.03
Bermejales 85.38 33.78 -3.36 -1.96 -2.33 -1.05 -2.12 -2.32 -0.10 —-0.06
Centro 54.87 20.23 —4.49 -141 -1.64 —-0.54 -5.61 -1.80 -0.12 -0.04
Dos Hermanas 60.71 24.54 —0.47 -0.38 -0.51 -0.34 -0.43 —-0.55 —-0.02 —-0.01
Principes 23.57 9.12 -0.57 -0.15 -0.41 -0.12 -0.92 -0.23 —-0.02 0.00
Ranilla 59.65 2321 —4.65 -1.79 -1.89 -0.69 -5.39 -2.17 -0.12 -0.05
San Jerénimo 23.66 9.19 -0.59 -0.15 -0.41 -0.12 -0.93 -0.24 -0.02 0.00
Santa Clara 77.41 30.11 -4.37 -1.91 -3.34 -1.38 477 —2.69 -0.13 —0.06
Torneo 60.09 22.26 —4.92 -1.62 —2.36 —0.68 —6.28 —2.09 —-0.13 —0.04
Cordova
Asomadilla 18.47 6.97 —-1.08 —-0.39 -0.24 -0.11 -1.29 —0.47 —0.03 —-0.01
Lepanto 28.08 11.95 -2.32 -0.92 —0.59 —-0.20 —2.57 —0.96 —0.06 —-0.02
Malaga
Campanillas 35.64 12.86 —2.49 -0.70 -1.29 —-0.39 -3.73 —-1.09 —0.08 —-0.02
Carranque 55.00 22.00 -5.97 -2.21 -1.45 —0.59 -5.40 -2.11 -0.12 -0.05
El Atabal 55.00 17.79 —6.22 -1.83 -3.49 -1.06 -6.82 -2.11 -0.14 -0.04
Marbella 23.75 8.88 -2.35 -0.72 -2.35 -0.73 -3.18 -0.96 -0.06 -0.02

3.2. Velocity Limiting Access to Urban Areas

The application of this plan reduces a 9% traffic nitrogen monoxide emissions in Seville and its metropolitan
area; a 10% in Cordoba; and a 10% in Malaga-Costa del Sol.

In Figure 6, we present the difference between NO, daily maximum 1-h between traffic restriction scenario
and base scenario averaged for all meteorological periods considered.

Main results are obtained in the access to big cities. This scenario does not suppose big reduction in the city
centre but it is possible to reduce an important quantity of pollutants in the entry to the cities, near to 4ugm-3 in
this areas. The effect of this measure focuses on the main access roads to Seville (A-4, A-92, AP-4 and A-49),
roadways A-4 and A-45 as it passes through Cordoba, and A-7, AP-7 and A-45 near Malaga. It is necessary to
remark the results obtained in Malaga western because it is a zone with a high number of motorways, even along
the main cities.

3.3. Rejuvenation of Vehicles Park

The application of this plan reduces a 25% traffic nitrogen monoxide emissions in Seville and its metropolitan
area; a 26% in Cordoba; and a 25% in Malaga-Costa del Sol.
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Table 4. Effect of mitigation plans over NO, values in municipalities. “These values correspond on average value for all grid cells
that cover the municipality. These values correspond on the maximum reduction obtained for all grid cells that cover the municipal-

ity.
Scenario
Base Traffic restriction ~ Velocity limiting access Rejuvenation of Vehicles Park Transport public
Municipality _ _ _ _
Maxin AVerRsE i A Averag e Average
pgm®  MEM S eqge HETW ugm P pugm? HEM T gm®
Seville
Camas 64.39 —4.00 -10.11 -3.77 —11.64 -5.27 -13.72 -0.13 -0.27
Seville 64.32 -3.31 —12.09 —2.36 -8.77 —4.02 —16.72 —-0.10 —-0.30
San Juan de Aznalfarache 62.16 -3.74 -8.54 -3.20 -7.35 —5.68 —14.88 -0.13 -0.28
Tomares 57.46 —4.61 —10.46 —4.48 -11.77 —6.20 —14.28 -0.13 -0.28
Dos Hermanas 53.43 —0.98 -8.99 —0.93 —8.96 -1.08 -12.37 —-0.03 -0.24
Cordova
Guadalcéazar 17.48 -0.11 —0.68 —-0.09 —0.68 —-0.16 —0.93 0.00 -0.02
Pedro Abad 17.14 —0.99 —5.89 —0.94 —6.06 -1.30 —7.65 —-0.03 —-0.16
Villafranca de Cérdoba 16.06 -0.92 -5.07 -0.81 -5.24 -1.21 —6.49 —-0.02 -0.13
La Carlota 15.58 —-0.38 -4.21 -0.37 —4.30 —-0.52 —5.53 —-0.01 -0.11
Cordova 15.02 —0.47 —10.18 —0.36 —8.50 —-0.63 —12.06 —-0.01 -0.25
Malaga
Fuengirola 34.44 -3.62 -10.38 -3.20 -11.09 —4.51 -12.51 —-0.09 —-0.26
Marbella 32.85 -3.74 -10.89 -1.30 —10.03 —4.80 -13.94 —0.06 -0.25
Torremolinos 29.86 —2.67 -10.19 -2.20 -9.28 —2.97 -10.73 -0.07 -0.22
Malaga 27.31 —2.02 -11.79 -1.33 -13.07 —2.33 -13.99 —0.05 -0.27
Benalmadena 26.05 —2.52 —10.02 —2.40 -11.20 -3.17 -12.31 —-0.07 -0.25

In Figure 7, we present the difference between NO, daily maximum 1-h between traffic restriction scenario
and base scenario averaged for all meteorological periods considered.

The mitigation plan of rejuvenation of Vehicles Park on NO, levels causes differences in some municipalities
up to 17 pg'm>. The effect of this measure has a global impact in every area of application, being its highest in-
tensity in traffic ways where a greater contribution of NO emissions to the atmosphere occurs.

3.4. Replacement of Diesel Use by Natural Gas in Urban Buses

The application of this mitigation plan reduces a 0.4% traffic nitrogen monoxide emission in Seville and its
metropolitan area; a 0.4% in Cordoba; and a 0.4% in Malaga-Costa del Sol.

In Figure 8, we present the difference between NO, daily maximum 1-h between traffic restriction scenario
and base scenario averaged for all meteorological periods considered.

The effect individualized of this mitigation plan over NO, levels can be considered negligible, causing de-
creases in NO, concentration below 0.3 pg:m 2 in all cases. This feature is explained because the number of ve-
hicles associated with urban public transport is low compared to the total fleet of vehicles, being this contribu-

tion lower than 0.6%.
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Figure 5. Absolute difference between NO, 1-h maximum between traffic restriction scenario and base
scenario in Seville (a), Cordova (b); Malaga western (c) and Malaga eastern (d).
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Figure 6. Absolute difference between NO, 1-h maximum between velocity limiting scenario and base sce-
nario in Seville (a); Cordova (b); Malaga western (c) and Malaga eastern (d).
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Figure 7. Absolute difference between NO, 1-h maximum between rejuvenation Vehicles Park scenario
and base scenario in Seville (a); Cordova (b); Malaga western (c) and Malaga eastern (d).
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Figure 8. Absolute difference between NO, 1-h maximum between rejuvenation Vehicles Park scenario and
base scenario in Seville (a); Cordova (b); Malaga western (c) and Malaga eastern (d). Note: colour scale is a

factor 10 lower than the rest of figures of each scenario.
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3.5. Effect of Action Plans over Ozone Levels

As shown in the above results, a significant reduction in the volume of vehicles or in its form of action directly
results in a reduction of the levels of primary pollutants, such as NO,.

But the same does not occur with a secondary pollutant, such as ozone. The effect of mitigation plans over
ozone depends on the kind of area (urban, suburban or rural), on the effect over volatile organic compounds
(VOCs) emissions of every measure, and on the weekend effect. This phenomenon refers to the weekly behav-
iour shown by surface ozone concentrations in urban atmospheres, in which a reduction of the levels of its pre-
cursors (nitrogen oxides and volatile organic compounds) during the weekend carries an increase of 0zone con-
centrations [43]-[45].

However, depending on the weather scenarios and levels of reducing emissions of precursors, the so-called
weekend effect in ozone can or not be produced. There may be a reduction of NOx and VOCs, but this reduction
may not be sufficient to reduce ozone or other factors could involve the elimination of the potential ozone deple-
tion. In this sense, the influence of the actions that lead to the reduction of pollutants should be considered in a
potential increase in tropospheric ozone concentrations in the study area. Table 5 and Figure 9 shows the varia-
tion of ozone levels between scenario base and the other scenarios analyzed.

Table 5. Effect of mitigation plans over O values in air quality stations. “These values correspond on average value for all meteoro-
logical periods selected. ~"hese values correspond on the difference between the average value of mitigation plan and base scenario.

Scenario
Base” Traffic restriction™ Velocity limiting access™ Rejuvenation of Vehicles Park™  Transport public™
Air quality station

0O, O3 0O, O3 0O, 0O, O3 0O, O3 O3

Max8h Max1lh Max8h Maxlh Max8h Max 1h Max 8 h Max 1h Max8h Max1h

pgm?®  pgm®  pgm®  pgm®  pgm® ugm:® ugm’ ugm:® ugm?®  pgm

Seville
Alcala de Guadaira  74.43 80.86 0.02 0.01 —0.05 —0.06 0.20 0.19 0.00 0.00
Aljarafe 66.89 76.60 0.51 0.23 0.10 -0.13 1.70 117 0.02 0.01
Bermejales 59.59 72.59 0.90 0.57 0.17 —0.03 2.21 1.73 0.03 0.02
Centro 57.85 77.63 0.75 0.37 0.04 -0.04 1.58 0.87 0.02 0.01
Dos Hermanas 57.88 76.21 0.21 0.10 -0.01 —-0.10 0.87 0.62 0.01 0.01
Principes 74.36 80.52 0.02 0.02 —-0.05 —-0.06 0.21 0.20 0.00 0.00
Ranilla 65.76 76.28 0.96 0.49 0.11 -0.03 1.85 1.05 0.03 0.02
San Jer6nimo 74.06 80.48 0.03 0.02 —-0.06 —-0.06 0.22 0.20 0.00 0.00
Santa Clara 62.16 75.07 0.73 0.39 0.28 0.09 2.01 1.26 0.03 0.02
Torneo 66.23 76.64 0.87 0.46 0.09 —-0.03 1.76 1.03 0.02 0.01
Cordova
Asomadilla 91.31 96.88 0.15 —0.05 -0.19 -0.28 0.60 0.40 0.01 0.00
Lepanto 90.52 97.06 0.38 0.09 -0.22 -0.32 0.92 0.57 0.01 0.01
Malaga

Campanillas 78.86 84.28 0.42 0.26 -0.08 -0.23 1.37 1.18 0.02 0.01
Carranque 74.56 80.76 1.07 0.74 0.08 -0.03 1.53 111 0.02 0.02
El Atabal 77.39 83.33 0.96 0.83 0.26 0.13 1.77 1.69 0.03 0.02
Marbella 83.99 89.77 0.25 0.12 —0.09 —0.20 1.10 -0.87 0.01 0.01
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Figure 9. Absolute difference between O3 1-h maximum between rejuvenation Vehicles Park scenario and base
scenario in Seville (a); Cordova (b); Malaga western (c) and Malaga eastern (d).

It is possible to find an increase of ozone concentration around the city centre because of the reduction of
primary pollutants. This fact is especially relevant in Seville (Figure 9(a)) and Malaga (Figure 9(c) and Figure
9(d)). In Seville, the higher increase of ozone concentration is observed in the west of the city centre, in an area
called Aljarafe. This area usually shows the highest values of ozone in Seville, and probably in Andalusia. The
expected increase is between 1 pg'm > and 3 pg'm . The legal value for comparison is the threshold value for
the information of the public (one-hour ozone concentration 180 pg'm ). Then, the actions to reduce the pri-
mary pollutants lead an increment of about 1.5% of the legal value whereas the reduction for primary pollutants
means a reduction of 2% over the legal value (reduction of 4 pg'm > over the 1-hour limit value 200 pg'm>).

4. Conclusions

A numerical experiment has been developed to evaluate different mitigation plans over traffic sector to improve
NO, levels in Andalusia. We have considered four mitigation plans: traffic restrictions, velocity limiting access
to urban areas, rejuvenation of Vehicles Park, and replacement of diesel use by natural gas in urban buses. We
are evaluated the mitigation plans in worst conditions, where NO, levels were the highest of the year, and the
results are representative of the effect of these plans during environmental episodes of this pollutant.

Every scenario designed reduces into a 14% NO emissions, 10%, 25%, and 0.4% respectively, in the urban
areas of Seville, Cordova and Malaga.

We have observed that mitigation plans defined as restriction of traffic and velocity limitations have a local
impact and its effect is observed directly near the roads where the measures are applied. In both cases the
maximum reductions of daily NO, maximum value is around 10 pg'm 2. The plan defined as rejuvenation of the
fleet has an overall impact and we can note the effect over every municipality that covers model domains. Re-
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ductions up 17 pg'm > have been obtained. The measure designed over transport public has not significant ef-
fects on NO, levels due to the low number of vehicles that affects the plan.

Mitigation plans has the effect with opposite sign and provide an increase (1.5%) of ozone concentration in
areas where typically ozone levels are high. Nevertheless, the analysis is representative of high NO, conditions
and in the future the authors extend the study to high Oz conditions to obtain a better evaluation of the effect of
mitigation plans over this atmospheric pollutant.

Acknowledgements

This work was funded by the Government of Andalusia (Consejeria de Medio Ambiente y Ordenacién del Ter-
ritorio) through the research projects 192/2011/C/00 “Seguimiento de los Planes de Calidad del Aire en Anda-
lucia” and 124/2011/C/00 “Servicio de Evaluacién de los Niveles de Contaminantes Organicos Persistentes en
Andalucia y para la explotacion de resultados de modelizacion”, and by the Spanish Government through
PTQ-12-05244. The authors gratefully acknowledge the technicians at the regional Environmental and Water
Agency of Andalusia for providing local information and air-quality measurements.

References

[1] Crutzen, P.J. (2004) New Directions: The Growing Urban Heat and Pollution “Island” Effect-Impact on Chemistry and
Climate. Atmospheric Environment, 38, 3539-3540.

[2] EEA, 2013. European Enviroment Agency. Air Quality in Europe (2013) Report.
http://www.eea.europa.eu/publications/air-quality-in-europe-2013

[3] Straif, K., Cohen, A. and Samet, J. (2013) International Agency for Research on Cancer (IARC) IARC Scientific Pub-
lication 161, Air pollution and Cancer, World Health Organization, Geneva.

[4] Colvile, R.N., Hutchinson, E.J., Mindell, J.S. and Warren, R.F. (2001) The Transport Sector as a Source of Air Pollu-
tion. Atmospheric Research, 35, 1537-1565.

[5] Anttila, P., Tuovinen, J.-P. and Niemi, J.V. (2011) Primary NO, Emissions and their Role in the Development of NO,
Concentrations in a Traffic Environment. Atmospheric Environment, 45, 986-992.
http://dx.doi.org/10.1016/j.atmosenv.2010.10.050

[6] Amato, F., Pandolfi, M., Alastuey, A., Lozano, A., Contreras, J. and Querol, X. (2013) Impact of Traffic Intensity and
Pavement Aggregate Size on Road Dust Particles Loading. Atmospheric Environment, 77, 711-717.
http://dx.doi.org/10.1016/j.atmosenv.2013.05.020

[71 Guevara, M., Martinez, F., Arévalo, G., Gasso, S. and Baldasano, J.M. (2013) An Improved System for Modelling

Spanish Emissions: HERMESv2.0. Atmospheric Environment, 81, 209-221.
http://dx.doi.org/10.1016/j.atmosenv.2013.08.053

[8] Querol, X., Viana, M., Moreno, T. and Alastuey, A. (2012) Bases Cientifico-téCnicas para un Plan Nacional de Mejora
de la Calidad del Aire. Consejo Superior de Investigaciones Cientificas (CSIC)

[9] Pilotto, L.S., Douglas, R.M., Attewel, R.G. and Wilson, S.R. (1997) Respiratory Effects Associated with Indoor Nitro-
gen Dioxide Exposure in Children. International Journal of Epidemiology, 26, 788-796.
http://dx.doi.org/10.1093/ije/26.4.788

[10] Jones, A.P. (1999) Indoor Air Quality and Health. Atmospheric Environment, 33, 4535-4564.
http://dx.doi.org/10.1016/S1352-2310(99)00272-1

[11] Mauzerall, D., Sultan, B., Kim, N. and Bradford, D. (2004) Charging No, Emitters for Health Damages: An Explora-
tory Analysis. NBER Working Papers 10824, National Bureau of Economic Research, Inc.
http://dx.doi.org/10.3386/w10824

[12] CAFE (2001) Clean Air For Europe (CAFE) Programme of the EU. http://ec.europa.eu/environment/archives/cafe/

[13] MAGRAMA (2013) Plan nacional de Calidad del aire y Proteccion de la Atmoésfera 2013-2016. Plan AIRE.
http://www.magrama.gob.es/es/calidad-y-evaluacion-ambiental/temas/atmosfera-y-calidad-del-aire/calidad-del-aire/Pla
n_Aire.aspx

[14] MAGRAMA (2014) Planes de mejora de la calidad del aire. Ministerio de Agricultura, Alimentacion y Medio Ambi-
ente.
http://www.magrama.gob.es/es/calidad-y-evaluacion-ambiental/temas/atmosfera-y-calidad-del-aire/calidad-del-aire/ges
tion/planes.aspx

[15] Tzimas, E., Soria, A. and Peteves, S.D. (2004) The Introduction of Alternative Fuels in the European Transport Sector.
Techno-Economic Barriers and Perspectives Extended Summary for Policy Makers. European Commission. EUR



http://www.eea.europa.eu/publications/air-quality-in-europe-2013
http://dx.doi.org/10.1016/j.atmosenv.2010.10.050
http://dx.doi.org/10.1016/j.atmosenv.2013.05.020
http://dx.doi.org/10.1016/j.atmosenv.2013.08.053
http://dx.doi.org/10.1093/ije/26.4.788
http://dx.doi.org/10.1016/S1352-2310(99)00272-1
http://dx.doi.org/10.3386/w10824
http://ec.europa.eu/environment/archives/cafe/
http://www.magrama.gob.es/es/calidad-y-evaluacion-ambiental/temas/atmosfera-y-calidad-del-aire/calidad-del-aire/Plan_Aire.aspx
http://www.magrama.gob.es/es/calidad-y-evaluacion-ambiental/temas/atmosfera-y-calidad-del-aire/calidad-del-aire/Plan_Aire.aspx
http://www.magrama.gob.es/es/calidad-y-evaluacion-ambiental/temas/atmosfera-y-calidad-del-aire/calidad-del-aire/gestion/planes.aspx
http://www.magrama.gob.es/es/calidad-y-evaluacion-ambiental/temas/atmosfera-y-calidad-del-aire/calidad-del-aire/gestion/planes.aspx

R. Arasa et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]
[32]

[33]

[34]

[35]

21173 EN.

COM 845 (2006) Comisidn de las Comunidades Europeas. Informe sobre los biocarburantes. Informe sobre los pro-
gresos realizados respect de la utilizacion de biocarburantes y otros combustibles renovables en los Estados miembros
de la Unién Europea.

Vautard, R., Honoré, C., Beekmann, M. and Rouil, L. (2005) Simulation of Ozone during the August 2003 Heat Wave
and Emission Control Scenarios. Atmospheric Environment, 39, 2957-2967.
http://dx.doi.org/10.1016/j.atmosenv.2005.01.039

Yuval, B.F. and Broday, D.M. (2008) The Impact of a Forced Reduction in Traffic Volumes on Urban Air Pollution.
Atmospheric Environment, 42, 428-440. http://dx.doi.org/10.1016/j.atmosenv.2007.09.066

Gongalves, M., Jiménez-Guerrero, P. and Baldasano, J.M. (2009) High Resolution Modeling of the Effects of Alterna-
tive Fuels Use on Urban Air Quality: Introduction of Natural Gas Vehicles in Barcelona and Madrid Greater Areas
(Spain). Science of the Total Environment, 407, 776-790. http://dx.doi.org/10.1016/j.scitotenv.2008.10.017

Baldasano, J.M., Gongalves, M., Soret, A. and Jiménez-Guerrero, P. (2010) Air Pollution Impacts of Speed Limitation
Measures in Large Cities: The Need for Improving Traffic Data in a Metropolitana Area. Atmospheric Environment, 44,
2997-3006. http://dx.doi.org/10.1016/j.atmosenv.2010.05.013

Soret, A., Jiménez-Guerrero, P. and Baldasano, J.M. (2011) Comprehensive Air Quality Planning for the Barcelona
Metropolitan Area through Traffic Management. Atmospheric Pollution Research, 2, 255-266.

Denby, B. (Ed.) (2011) Guide on Modelling Nitrogen Dioxide (NO,) for Air Quality Assessment and Planning Rele-
vant to the European Air Quality Directive. Results of Activities in the FAIRMODE Working Group, Version 4.6.
ETC/ACM Technical Paper 2011/15.

http://acm.eionet.europa.eu/reportss ETCACM_TP_2011 15 FAIRMODE guide_modeling_NO2

Codina, B., Aran, M., Young, S. and Redafio, A. (1997) Prediction of a Mesoscale Convective System over Catalonia
(Northeastern Spain) with a Nested Numerical Model. Meteorology and Atmospheric Physics, 62, 9-22.

Mercader, J., Codina, B., Sairouni, A. and Cunillera, J. (2008) The Performance of the WRF-ARW Model over Cata-
lonia (NE Spain) with the Different Convective and Microphysical Parameterizations. 9th WRF Users” Workshop.
Boulder, 23-27 June 2008.

Arasa, R., Soler, M.R, Ortega, S., Olid, M. and Merino, M. (2010) A Performance Evaluation of MM5/MNEQA/
CMAQ Air Quality Modelling System to Forecast Ozone Concentrations in Catalonia. Tethys, 7, 11-23.
Gomez-Losada, A., Lozano-Garcia, A., Pino-Mejias, R. and Contreras-Gonzalez, J. (2014). Finite Mixture Models to
Characterize and Refine Air Quality Monitoring Networks. Science of the Total Environment, 485-486, 292-299.
http://dx.doi.org/10.1016/j.scitotenv.2014.03.091

Arasa, R., Soler, M.R. and Olid, M. (2012) Numerical Experiments to Determine MM5/WRF-CMAQ Sensitivity to
Various PBL and Land-Surface Schemes in North-Eastern Spain: Application to a Case Study in Summer 2009. Inter-
national Journal of Environment and Pollution, 48, 115-116. http://dx.doi.org/10.1504/1JEP.2012.049657

Arasa, R., Soler, M.R. and Olid, M. (2012) Evaluating the Performance of a Regional-Scale Photochemical Modelling
System: Part I—Ozone Predictions. ISRN Meteorology, 2012, Article ID860234.

Denby, B. (2010) Guidance on the Use of Models for the European Air Quality Directive. A Working Document of the
Forum for Air Quality Modelling in Europe FAIRMODE. ETC/ACC Report. Version 6.2.
http://fairmode.ew.eea.europa.eu/fol429189/forums-guidance

Sckamarock, W.C. and Klemp, J.B. (2008) A Time-Split Non-Hydrostatic Atmospheric Model. Journal of Computa-
tional Physics, 227, 3645-3485.

Hong, S.Y., Noh, Y. and Dudhia, J. (2006) A New Vertical Diffusion Package with and Explicit Treatment of Entrain-
ment Process. Monthly Weather Review, 134, 2318-2341. http://dx.doi.org/10.1175/MWR3199.1

Chen, S.H. and Sun, W.Y. (2002) A One-Dimensional Time-Dependent Cloud Model. Journal of the Meteorological
Society of Japan, 80, 99-118. http://dx.doi.org/10.2151/jmsj.80.99

Schwarzkopf, M. and Fels, S. (1991) The Simplified Exchange Method Revisited: An Accurate, Rapid Method for
Computation of Infrared Cooling Rates and Fluxes. Journal of Geophysical Research: Atmospheres, 96, 9075-9096.
http://dx.doi.org/10.1029/89JD01598

Dudbhia, J. (1989) Numerical Study of Convection Observed during the Winter Monsson Experiment Using a Meso-
scale Two-Dimensional Model. Journal of Atmospheric Science, 46, 3077-3107.
http://dx.doi.org/10.1175/1520-0469(1989)046<3077:NSOCOD>2.0.CO;2

Chen, F. and Dudhia, J. (2001) Coupling an Advanced Land Surface-Hydrology Model with Penn State-NCAR MM5

Modeling System. Part I: Model Implementation and Sensitivity. Monthly Weather Review, 129, 569-585.
http://dx.doi.org/10.1175/1520-0493(2001)129<0569:CAALSH>2.0.CO;2



http://dx.doi.org/10.1016/j.atmosenv.2005.01.039
http://dx.doi.org/10.1016/j.atmosenv.2007.09.066
http://dx.doi.org/10.1016/j.scitotenv.2008.10.017
http://dx.doi.org/10.1016/j.atmosenv.2010.05.013
http://acm.eionet.europa.eu/reports/ETCACM_TP_2011_15_FAIRMODE_guide_modeling_NO2
http://dx.doi.org/10.1016/j.scitotenv.2014.03.091
http://dx.doi.org/10.1504/IJEP.2012.049657
http://fairmode.ew.eea.europa.eu/fol429189/forums-guidance
http://dx.doi.org/10.1175/MWR3199.1
http://dx.doi.org/10.2151/jmsj.80.99
http://dx.doi.org/10.1029/89JD01598
http://dx.doi.org/10.1175/1520-0469(1989)046%3C3077:NSOCOD%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0493(2001)129%3C0569:CAALSH%3E2.0.CO;2

R. Arasaetal

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

Janjic, Z.1. (2002) Nonsingular Implementation of the Mellor-Yamada Level 2.5 Scheme in the NCEP Mesomodel.
NCEP Office Note, No. 437, 61 p.

Grell, G.A. and Debenyi, D. (2002) A Generalized Approach to Parameterizing Convection Combining Ensemble and
Data Assimilation Techniques. Geophysical Research Letters, 29, 381-384.

Arasa, R., Picanyol, M. and Solé, J.M. (2013) Analysis of the Integrated Environmental and Meteorological Forecast-
ing and Alert System (SIAM) for Air Quality Applications over Different Regions of the Iberian Peninsula. Proceed-
ings of HARMO15 Congress. Madrid.

http://www.harmo.org/Conferences/Proceedings/ Madrid/publishedSections/H15-70.pdf

Maes, J., Vliegen, J., Van de Vel, K., Janssen, S., Deutsch, F. and De Ridder, K. (2009) Spatial Surrogates for the Dis-
aggregation of CORINAIR Emission Inventories. Atmospheric Environment, 43, 1246-1254.
http://dx.doi.org/10.1016/j.atmosenv.2008.11.040

Byun, D.W. and Ching, J.K.S. (Eds.) (1999) Science Algorithms of the EPA Models-3 Community Multiscale Air
Quality (CMAQ) Modeling System. Environmental Protection Agency.

Yarwood, G., Rao, S., Yocke, M. and Whitten, G.Z. (2005) Updates to the Carbon Bond Chemical Mechanism: CB05.
Final Report Prepared for U.S.EPA. http://www.camx.com/publ/pdfs/CB05_Final_Report 120805.pdf

Carlton, A.G., Bhave, P.V., Napelenok, S.L., Edney, E.O., Sarwar, G., Pinder, R.W., Pouliot, G.A. and Houyoux, M.
(2010) Model Representation of Secondary Organic Aerosol in CMAQv4.7. Environmental Science and Technology,
44, 8553-8560. http://dx.doi.org/10.1021/es100636q

Heuss, J.M., Kahlbaum D.F. and Wolff, G.T. (2003) Weekday/Weekend Ozone Differences: What Can We Learn from
Them? Journal of Air & Waste Management Association, 53, 772-788.
http://dx.doi.org/10.1080/10473289.2003.10466227

Qin, Y., Tonnesen, G.S. and Wang, Z. (2004) Weekend/Weekday Differences of Ozone, NO,, CO, VOCs, PMy, and
the Light Scatter during Ozone Season in Southern California. Atmospheric Environment, 38, 3069-3087.
http://dx.doi.org/10.1016/j.atmosenv.2004.01.035

Adame, J.A., Hernandez-Ceballos, M.A., Sorribas, M., Lozano, A. and De la Morena, B.A. (2014) Weekend-Week-
days Effect Assessment for O;, NO,, CO and PMy, in the South Western Europe. In Press.



http://www.harmo.org/Conferences/Proceedings/_Madrid/publishedSections/H15-70.pdf
http://dx.doi.org/10.1016/j.atmosenv.2008.11.040
http://www.camx.com/publ/pdfs/CB05_Final_Report_120805.pdf
http://dx.doi.org/10.1021/es100636q
http://dx.doi.org/10.1080/10473289.2003.10466227
http://dx.doi.org/10.1016/j.atmosenv.2004.01.035

www.scirp.org

Scientific
Research

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and

contributes to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either

submit@scirp.org or Online Submission Portal.

American Journal of | i <
Plant Sciences ( Applied Mathematics

Special Issue on Experimental Design!

Advances in

Bioseience and Biotechnology

. & scand

Agricultural Sciences Food and Nutrition Sciences

Special Issue on Research on Rice

Journal of Computer
and Communications

Journal of
Modern Physics Natsuglaeln -

Editor-in-Chief
Kuo-Chen Chou
s arg e



http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	Evaluating Mitigation Plans over Traffic Sector to Improve NO2 Levels in Andalusia (Spain) Using a Regional-Local Scale Photochemical Modelling System
	Abstract
	Keywords
	1. Introduction
	2. Studied Area and Methodology
	2.1. Area Characteristic and Episode Selection
	2.2. Modelling Approach
	2.3. Mitigation Plans and Scenarios

	3. Results and Discussion
	3.1. Traffic Restrictions
	3.2. Velocity Limiting Access to Urban Areas
	3.3. Rejuvenation of Vehicles Park
	3.4. Replacement of Diesel Use by Natural Gas in Urban Buses
	3.5. Effect of Action Plans over Ozone Levels

	4. Conclusions
	Acknowledgements
	References

