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Abstract: Over the last decade, air pollution has become jarnpaoblem in Portugal mainly due to the high cemitation of particulate
matter (PM10) in the atmosphere. The PM10 annudldaily limit values have been surpassed in se\Roailuguese agglomerations and,
according to the European legislation, plans andiammes must be designed and implemented to réldose PM10 levels.

The Northern region of Portugal includes some agglations that have to design plans and progranfionebie improvement of the air
quality, in particular concerning PM10. Seventeegagures have been defined for six main sectorselgamaffic, industry, residential
combustion, constructions, agriculture and forestditional measures will also be applied at nalolevel (e.g., certified residential
combustion devices and the inclusion of particulatter filters in heavy vehicles). The implemeiotatof these measures must be
accomplished by the end of 2011 and will lead tarlye50% reduction on PM10 emissions in the Northegion of Portugal. The main
objective of this study is to investigate the intpafcall designed measures on the air quality ofthiern Portugal. The Air Pollution Model
(TAPM) was applied over the study region, for a 2220 knf simulation domain with 4.8 km spatial resolutidine TAPM model was
applied to the year 2004, which is the base yeathfe® analysis of the selected measures. Two sosnaave been defined and simulated:
the reference situation which considers the curf®¥tLO0 emissions; and, the reduction scenario whieeePM10 emissions were re-
estimated taking into account the implementatioallofheasures.

The modelling results point to PM10 daily averagedcentration decreases 416.m* over the Porto urban area, which corresponds to a
19% reduction in the PM10 levels. Moreover, restuftdicate that the implementation of the selectedasares will allow the
accomplishment of the PM10 legislation in somegagility stations on the Northern Region of Portugal
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INTRODUCTION

Air quality is one of the environmental areas inicththe European Union (EU) has been most actiamaty in the design
and implementation of legislation on air qualitydgsollutant emissions to the atmosphere. In orleeduce and control the
effects of air pollution on human health and in émvironment, the air quality directives require 88U member states to
assess air quality through their territory. At tiropean level the air quality Framework Direct{i#®) (Directive 96/62/CE
of September 27), established the obligations efrtiember states and redefined the guidelines mra#sessment and
management of air quality. In May 2008, a new Oixecon Ambient Air Quality and Cleaner Air for Eyn® (Directive
2008/50/EC) was published, merging four directived ane Council decision into a single documentsTiew directive
introduces new objectives for fine particles, baesl not change existing air quality standards. #altlly, the application
of numerical models is highlighted in this new Riree as a fundamental tool to better assess amageaair quality. One of
the main aims is the implementation of air quatitgns and programmes (PP) when the air pollutanteatrations exceed
the target or limit values (LV) in zones or aggloat®ns. The implementation of PP is based on #sigth of measures in
order to reduce the air pollutants atmospheric eptrations and meet the legal requirements.

Particulate matter with a 50 % efficiency cut-affl® um aerodynamic diameter (PM10) thresholds exceedameee been
reported by the majority of the EU member statesiniy in urban agglomerations, where human expo&isdso higher
(EEA, 2005). For PM10 the daily limit value is dd fig.m® plus the margin of tolerance (LV+MT) and cannotelseeeded
more than 35 times in a calendar year. Portuga&l the last years, has been surpassing the legidiatit values for PM10
concentrations in ambient air at several air qualibnitoring stations (Monteiret al, 2007) over two main regions: Lisboa
and Vale do Tejo region and the Northern regioresehregions are by law obliged to design and imgterRP to reduce the
PM10 concentrations The main sources of PM10 eatissare anthropogenic and natural, in particular$aharan dust,
forest fires and sea spray (Borregioal, 2008a). The anthropogenic sources of PM10 anallyslocated in the urban and
industrial areas. Over the urban areas, the emiggi®M10 is related to residential combustionjl @enstructions and road
traffic. This study will focus on the Northern paft Portugal which has two zones and four agglotie@ra namely, Porto
Litoral, Braga, Vale do Sousa and Vale do Ave. Altof 23 air quality monitoring stations are lochts/er the study region,
where more than half are in Porto Litoral agglortiera(Borregoet al, 2008b).

A detailed analysis of the main anthropogenic sesiaf PM10 emissions has been accomplished andtsewereduction
measures have been designed for the Northern regiorsix main sectors: traffic, industry, residahtcombustion,
constructions, agriculture and forests. At natideaél additional measures had been consideredniéie objective of this
study is to evaluate the impacts of the reductieasares on the PM10 levels in the atmosphere ahBior Portugal.

2 - PM10 CHARACTERIZATION OVER THE STUDY REGION

The PM information described on the national emissiinventory performed under the Convention on d-mange
Transboundary Air Pollution for the period 1990-80fllows the analysis of the PM emissions in Patughey increased
almost 44% along the 1990 - 2006’s period (Borregal, 2009). Based on a regional emission inventortiferNorthern
Portugal region (Borreget al, 2008a and 2010) it was possible to list the nflifil0 emitting activity sectors: industrial,
residential and commercial and traffic (road, séaand rail) An analysis of data from all the air quality momitgy stations,
for the period 2001 — 2006, of the Northern Portuggion was performed to identify the stations éimel agglomerations
that were not accomplishing the legislated valddse agglomerations Porto Litoral, Vale do Ave andlée/do Sousa,
accordingly to the Directive, were facing air qtialproblems regarding the PM10 concentration levieigure shows the
total number of exceedances to the daily limit eghlus the margin of tolerance, if applicable,tfer considered years.
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Figure 1 — Nr. of exceedances in a) Porto Litoral b) Vale do Ave, Vale do Sousa and Braga agglatioers to 2001-2006.

A study was performed to investigate the causdbehigh values of PM for the period 2001-2006 (Bgaret al, 2008b)
showing an increase of the anthropogenic contobubin the exceedances through the years. Accotditige legislation the
daily limit value for PM10 levels should not be egd more than 35 days in a calendar year. Fordhiedbetween 2001
and 2006, this limit has been exceeded in allastatiFigure 1). Thus, the development of plans mnogrammes for the
reduction of PM10 emissions is mandatory for thpriskement of air quality.

3 — PM10 REDUCTION MEASURES

An analysis of the strategies already legislated applied should precede the definition of the messto improve air
quality and therefore delineate the base scenHribe outcomes of these already established measare not enough to
accomplish the air quality limit values within tregglomerations, additional measures have to benetfireduction
scenario). The additional measures were mainlynted towards three key sectors of the PM10 emissionPortugal:
traffic, industry, and residential and commerciambustion (Borregt al, 2008b). Some examples of the measures are
described imrable.

Table 1 — Examples of the PM10 reduction measwlested for the Northern Region (Borrego et alQ8t).

Sector Measure

Introduction of public transportation with lower Esion and improvement of public transpo
network

Renewal of taxis and solid waste collection vehicles

Decrease of heavy vehicles circulation in the urb@as

Areas with reduced emissions in urban areas

Cut of traffic roads

Improvement of industrial PM retention systems

Reinforcement of the inspection of industry sources

Establishment of emissions standards for industhieters and business activities in urban
areas

—

Traffic

Industry

Residential
combustion

Use of certified combustion appliances with PM eioiss reduction

In the traffic sector the emissions reduction walswdated using national emissions factors foredéht age and circulation
speed of each vehicle. If better PM retention systevill be used at the industrial sector a 50% cédn of PM10 is

expected for the wood and cork industries and 1@&éuction for the entire Northern Region. At the etith foreseen
emissions reduction values are: for the resideatial commercial combustion sector 92% for all tleetiern Region; for
the industry sector 50% for all the Northern Regiexgluding Vila Nova de Famalicdo (45%) and Matbei (18%); for

traffic sector, since it is different for each lgdhe mean value is 14%, with the maximum reductd 28% and the lowest
reduction of 1%.
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4 — AIR QUALITY MODELLING
To study the effects of the selected PM10 reduati@asures, the air quality modelling system TAPMir{gl et al, 2005)
was applied over Northern region for one year (3004

4.1 — Air quality modelling system

The Air Pollution Model (TAPM) is a 3-D Eulerian miel, with nesting capabilities, which predicts noetdogy and air
pollution concentrations in a Graphical User Iraed. The model has two components: the meteora@logiognostic, and
the air pollution concentrations component. Theeawoetlogical module of TAPM is an incompressibletiapally non-

hydrostatic, primitive equation model with terrdaollowing coordinates for 3D simulations. The rasufrom the

meteorological module are one of the inputs todingollution component of TAPM. The air polluti@@mponent includes
various sub-modules: Eulerian Grid Module (EGM)gtangian Particle Module (LPM), Plume Rise Modul&®¥P and

Building Wake Module (BWM). In this study the EGM snindule was applied and consists of nested grigeaslutions
of the Eulerian concentration mean and optionadlsiance equations representing advection, diffysibiemical reactions
and emissions, the dry and wet deposition procesgealso included.

4.2 — Air quality modelling application

In order to investigate the impact of the desigP®&d10 reduction measures on the air quality of thoetiNern Portugal,
TAPM was applied over the study region, which ides the agglomerations of Porto Litoral, Vale deefand Vale do
Sousa, where the PM10 concentrations exceededetfigidted limit values. The application considetetee domains
through the nesting approach: the outer domainrsoae area of 1080x1080 kwith a spatial resolution of 43.2x43.2 km
and the inner domain with an area of 120x126 With a resolution of 4.8x4.8 KmTAPM was applied along the year 2004,
which is the base year for the analysis of thecsetemeasures, for two different emissions scesahbiase scenario and
reduction scenario. For the base scenario, annma@s®ns data were obtained from the Portuguesenatinventory,
spatially downscaled to the sub-municipality levet each pollutant and each activity sector. Thé&onal emissions
inventory takes into account annual emissions flora sources (streets and highways), area souioesisfrial and
residential combustion, solvents and others) angelgoint sources. These annual emission dataafch eollutant and
activity sector were spatially and temporally digagated in order to obtain the resolution requitedthe study domain
simulation. For the reduction scenario the emissiealues of PM10 were estimated based on the ingsi@ation of the
selected reduction measures. The background caatiens required by the model were obtained estilgahe mean of the
values of the background air quality stations ef$tudy area for 2004.

The meteorological and air quality simulations wpegformed for the defined domains over the stuedjjan. A validation
for the base scenario was performed for the innarain, which includes all the air quality statiombree quality indicators
have been estimated to evaluate the TAPM perforenaxer the study region, namely: Index of Agreen{ED#), Measures
of Skill (SKILLr) and Bias (BIAS) (Hurleet al, 2005).

4.3 — Air quality modelling results

A statistical analysis of the modeling system skibis made. The meteorological module performaraseavaluated against
the observed values of temperature and the hoekaimd components (U and V) at two different metéogical stations of
the Northern region (Pedras Rubras Porto and Vian@asbtelo)Table summarizes the model performance for temperature
and wind at the two weather stations located in\tbethern region. .

Table 2 — TAPM performance statistics for tempeeaffC) and the horizontal wind components (m.s-1).

Pedras Rubras Viana do Castelo

TEMP U \Y TEMP U \Y
10A 0.94 0.79 0.86 0.91 0.66 0.74
SKILLr 0.46 1.03 0.83 0.63 1.39 1.00
BIAS 0.46 -0.83 -0.21 -0.94 -0.76 -0.48

The TAPM shows a good performance simulating bethperature and wind components, with no signifitaases, low
SKILLr and high 10A for both meteorological statmrPedras Rubras presents a slightly better perfarentnan Viana do
Castelo station.

The same statistical indicators have been appbedhie PM10 simulated values at the air qualityicts that presented
exceedances to the limit values. Only the air ¢qualiations with acquisition efficiency above 75%rer used. Figure 2
presents the IOA for each air quality station,tfar base scenario simulation.
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Figure 2 — I0A statistical indicator for each airadjty station for the TAPM base scenario simulafior the year 2004.
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According to Figure 2, only some air quality stasohave an IOA higher than 0.5 highlighting the eladifficulties to
simulate the PM10 values in the study region. Tégative BIAS (not shown) over all the air qualitat&ins reveals a clear
underestimation of the measured PM10 concentratifims SKILLr also presents a very poor score. Thpesg skills could
be explained by the complexity of the terrain of #tudy area, which is not correctly simulated veitd.8 km x 4.8 km
spatial resolution, and by the uncertainty of tremdi emissions. Notwithstanding this evaluation, WAPould be an
important tool for the decision makers to assessfficiency of the measures selected in PP. liscanlate rapidly different
emission scenarios allowing their comparison acditating the decision making.

In order to study the effects of the applicatiorabyfthe selected measures on the air qualityreédeaction scenario was also
simulated with TAPM. Figure shows the spatial elifnces between the reduction and the base scenesidts in terms of
the annual mean PM10 concentrations absolute védyesd percentages (b).

«x;/ ( e (ugm?) A C i s (%)

45 @) | i I" i i . + s b)

Figure 3 — PM10 annual mean concentration diffezerietween the reduction scenario and the basarg&cenncerning absolute values (a)
and percentages (b).

According to Figure 3 the maximum absolute reducti® achieved over the Porto region and reachesug.61 that
corresponds to a 19% reduction of the PM10 avemgds in the atmosphere.

Another way to study the effects of the reductic@asures consists in estimating the reduction obddiry the comparison of
the results from each scenario simulation (baseraddction) for each day and then applying thisiction profile to the
daily observed values. This approach has only lzggatied to the air quality stations with IOA hightwan 0.5. Figure

illustrates the annual mean, the number of excemdabnased on the observed values and based ohdbe/ed values after
the application of the reduction profile.
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Figure 4 — PM10 annual mean (a) and number of eleceres (b) for the observed values and for therebdevalues after the application of
the reduction profile.

According to Figure 4, although the PM10 annual maad the number of exceedances decrease in #eskhir quality
stations the legislated limit values continue tsbepassed.

5 - SUMMARY AND CONCLUSIONS

In Northern region of Portugal high PM10 concembrad were measured, namely at several agglomesatidecording to

the European and national legislation, the limiluga have been surpassed in this region and coastygplans and
programmes must be designed and implemented tecegtese PM10 levels. For this purpose seventekittion measures
have been designed at the local level. These meEasiomprise six main sectors, namely traffic, ingusresidential

combustion, construction, agriculture and foreats] environmental education, at local level. Thedot of all designed
measures on the air quality of the Northern Pottigyéthe main objective of this study. A detailenhlysis of the defined
measures and of their potential application wasiezhrout with the support of the involved stakeleofdin order to better
evaluate the resulting emission reduction.

From this study it is possible to conclude that @pglication of the selected reduction measurésortant to reduce the
PM10 concentrations observed in the Northern reglodecrease of the annual mean and the numbexceedances was
verified in the air quality stations. However, evafter the application of the reduction measuresstnof the air quality

stations continue to surpass the legislated limiti@s. The modelling results for the reduction adenshow a PM10 daily
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averaged concentration decrease of almogg®n® over the Porto urban area, which corresponds 1% maximum
reduction. Only with the joint application of aid measures it will be possible to achieve thisicgdn level. Moreover, this
study highlights that additional measures mustgydied in order to fulfil the air quality requiremis. The involvement of
local authorities and stakeholders is very impdrthnt some potential reduction measures, prob#tdymost air quality
efficient, should be taken at national level.
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