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Abstract: In this presentation, a methodology to combinesueaments from air quality stations and estimat@s the CHIMERE model
for air quality assessment in Spain is describBde methodology consists of using linear regresaimh kriging interpolation to correct the
model results improving the fit to the observatiobhsvas separately applied to rural and urban itimms, yielding to maps for each case,
which were then combined by taking into accountdistribution of rural and urban areas in the demahe results for several pollutants
and its application to air quality assessment iaitspre shown and discussed.
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INTRODUCTION

The European and Spanish laws oblige to the Gowvemtsrto provide reliable information about the @ality in Spain
every year regarding concentration levels and elamees of air quality standards. The use of jusfj@élity measurements
can provide an incomplete picture of the air gqyalits monitoring sites can not cover all the teryit Thus, the use of
complementary techniques, such as modelling, @avadl and recommended in many cases. The combinaitiain quality
measurements at stations and validated model @ssntma good choice, due to the accuracy of meamnts and the good
spatial cover of models.

In this presentation, a methodology to combine measents from air quality stations and estimatesfthe CHIMERE
model for air quality assessment in Spain is dbsdri The methodology consists of using linearesgjpn and kriging
interpolation to correct the model results impravthe fit to the observations. It was separatelyliad to rural and urban
conditions, yielding to maps for each case, whigresthen combined by taking into account the distion of rural and
urban areas in the domain. The results for seyaifitants and its application to air quality assesnt in Spain are shown
and discussed.

METHODOLOGY

Measurements-model combination methodology

Combining model results and observations has bedelyapplied in meteorological modelling, but fewstudies have been
done to combine air quality observations and modgbuts. Among others, several works can be poiotedTarrasoret al.
(1998) for measurements and EMEP model data comiyinaViegand and Diegmann, (2000) to develop teen@an system
“FLADIS”, Denby et al. (2005) reviewing different methodologies to comgbiand assimilate observations and models,
Denbyet al. (2008) discussing the uncertainty sources in aality mapping and Fiala (2009) applying a methodwglfor
ozone and PM10 assessment in Europe.

In Spain, the first studies are from Margh al. (2005), who proposed to use a methodology baseth®@rassimilation
techniques (Benjamin and Seaman, 1985) used in métgacal models. An influence area was defineddfach observation
depending on the station type, the distance betweegrid point and the measurement point and ihd flow. It was used
in some annual air quality assessments in Spatrit Blaows some shortcomings yielding less realiati quality maps.

The methodology used in this study is based orndi that the real concentration of an atmosplpailctantC in a station
k can be expressed as

Ci= Mytac+ s (1)
whereM, is a concentration estimate (i.e., by a dispersiodel),g is the systematic error of the estimate (i.e., efioty
error) ands is the inherent error or measurement error. Theteureis how to reduce the model eregrthat is, how to
correct the model results to provide a best fithiservations and to get a more realistic map o$pradial distribution of
pollutant concentrations. Among the several optitims linear regression and the kriging interpolatnethods are the most
interesting (Fiala, 2009).

The linear regression technique assumes that er festimate of the concentrati@l; can be obtained by
C.=aM, +b+r, 2)
wherea andb are the regression coefficients apds the residual error which includes the measureérenr and the non-
solved part of the modelling error. This methodreots the concentration estimates by taking intmawct any influence of

the concentration values on them.
The kriging interpolation technique assumes:

C‘kzg/\ilvlkﬂk Z;/lizl 3)

beingA, the weights assumed on the basis of a variograordier to minimize the mean-square-error, they rdrgjereen 0
and 1. The variogram is a function representing aneasured variable varies with distance:
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y(h) =%% YIC(x) - C(x + h)]? (4)

wheren is the number of stations pairs located to a sastartteh between them.

In our study, the variogram can be computed bytippthe values of the concentration differences (omtioglel residuals
between pairs of stations against the distancegsleetthem. The resulted scatter plot can be fitiesimple functions, «ch
as logarithm, exponentials, etc. This method césréiee oncentration estimates by taking into account afiyénce of the
distance or spatial representativeness of theuailitg stations on the concentration estimi

In a former study of Martiet al. (2009), several possibilities to apply this metHodg were analyzed and as a conclus
the authors recommended:

1. to apply the methodology to urban and rural statiseparately in order to take into account theechfit spatia
distribution patterns ddir pollution concentrationfor rural and urban areabtaining different maps for rural al
urban patterns.

2. to use linear regressicand kriging in the case of model residuals for Irstations, and only kriging for urb:
areas.

3. to use spherical variogram for krig

4. to use population density as surrogndicator for merging urban and rural air pollutimaps

A summary of the methodology is shown in the figlireThis methodology is applied to the residualshef CHIMERE
model (observation minus model estimation). Mortitke about the combination methodoloay can be sednartinet al.

(2009).
Methodology for measurements and modelling
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Figure 1. 8heme othe methodology to combine measurements and mogelli

Model setup
Simulations of photochemical compounds were cawigidusing the CHIMERE chemis-transport model (Bessagret al,

2004; Hodzicet al, 2005), version 2008c. This model isng used for the annual simulations of air qualitySpain sinc
2004 (Martinet al, 2004, Vivancoet al, 2007). It has been evaluated using measured afa@mbient pollutan
concentrations from a large number of Spanishastat{Vivanccet al, 2009aand b) and compared with other models ¢
as CMAQ (Baldasanet al, 2008). The model was shown to be suitable forgamlity assessment as the uncerta
statistics were lower than the maxima establishgdhe EU directives and the EPA criteria. Timpact of the spatial
computing resolution was also discussed in Viveet al.(2008). The MM5 model was the meteorological preoesised t
feed the CHIMERE model. The models wapplied to a European domain and then, tthananPeninsula one. (Figure 2).
In Figure 3, the scheme of the model system, boundargitiors, inputs, grid resolution, etc is shown. More dstaan be

found in Vivancoet al. (2009b).
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Figure 2. Map showing the computing domains usel thie CHIMERE mode
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Figure 3. Scheme showing the model setup

RESULTS AND DISCUSSION

The CHIMERE model was run for 2007 in order to previcbncentrations of SO0, NO, and PM10 in the Iberian
Peninsula and the Balearic Islands. The describeétiadelogy to combine measurements and modellingapadied to the
residuals of the CHIMERE model computed for the setioquality stations used for air quality assesstexcept to the
traffic stations.

Maps of average concentrations and Kithigher value at every grid cell, such MsNp+1, whereNp is the number of
exceedances allowed by the European directivessdoh pollutant. In addition, maps showing the uagety of the
combination methodology were computed based onibertainty of the kriging interpolation, which is:

3.(x Y) = /2p(h) ©)

This uncertainty estimate was used to compute thbability of having more exceedances of limit arget values than
allowed by legislation using the approach of Fietaal. (2009). Maps showing the exceedance probabiligythe main
output of the described methodology.

How does the combination methodology improve the aguality assessment?

As the objective of the described combination methagy is to provide more reliable information abthe air quality in a
territory, it is needed to check whether the reslltir quality maps are better than those using thd CHIMERE model.
The Relative Directive Error (RDE) as defined anédugn Denbyet al. (2010) and computing the Maximum Relative
Directive Error (MRDE) for the entire domain as thaximum of the RDE values found at 90% of the atédélatations. As
shown in Table 1, in all the cases the resulthefrhethodology are much better than the modeltsesamplying the legal
requirements of allowed uncertainty for model tégbas used in air quality assessment.

Table 1. Maximum Relative Directive Error (MRDEY fine entire domain for all the limit and targetues obtained with CHIMERE model
results and with the combination methodology fodelbng and measurements for SO2, 03, NO2 and PNtk Iberian Peninsula and
the Balearic Islands.

Reference value MRDE MRDE Pollutant
Combination methodology CHIMERE Model

Target value 12Qig m* (eight-hour average) 0.1196 0.1570

Information value 18Qig m® (hourly average) 0.2056 0.2510 Os

Alert value 24Qug mi° (hourly average) 0.1542 0.2064

Limit value 20Qug m* (hourly average) 0.2315 0.3268 \[9)

Limit value 40pg m* (annual average) 0.0549 0.3272

Limit value 350ug m® (hourly average) 0.3288 0.5282 SO

Limit value 125ug m® (daily average) 0.0804 0.2394

Limit value 50ug m* (daily average) 0.2311 0.6217 PM10

Limit value 40pg m* (annual average) 0.1045 0.5224

Maps for air quality assessment
Maps of air pollutant concentrations and probapitif having more exceedances than the legally &tbware shown in
figures 4, 5 and 6 for QPM10 and N@ respectively for 2007.

For ozone, main problems are in the Mediterranesastc western Andalucia (Guadalquivir valley), soameas in the
Cantabric Coast and close to large urban areas (Madd Barcelona). In the case of PM10, the riskxoEedances is high
in all the Mediterranean Coast, Guadalquivir andoEballeys, Madrid and Asturias (in the north of therian Peninsula).
Respect to Ng the areas of high probability of exceedancesral@rge urban areas such as Madrid and Barcelona.
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Figure 6. Maps of N@concentrations (left) and probability of havingnmexceedances than the legally allowed (rightftierannual limit

value (above) and the hourly limit value (below).
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