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INTRODUCTION

Besides ozone and nitrogen oxides, exceedances of air quality standards for other pollutants,
such as particulate matter, are being recorded in Spain. Studies and measurements during the
last years indicate that PM10 is the pollutant with a higher number of air quality standard
exceedances in Spain. Many of the exceedances are caused by natural events such as Saharan
dust transport.

Models have become a useful tool in air quality management, since European legislation
determine the obligation to evaluate air quality and improve air quality in polluted areas. For
this purpose, models must be able to reproduce al the physica and chemical processes
affecting pollutant behaviour in the atmosphere.

In this paper we include the results of the application of the CHIMERE model to ssimulate
PM10 and PM2.5 in Spain for 2004. Results were compared with measurements of Spanish
stations.

MODELLING SETUP

Simulations were carried out using a regional version of the CHIMERE chemistry-transport
model. This version (V200603par-rcl) calculates the concentration of 44 gaseous species and
both inorganic and organic aerosols of primary and secondary origin, including primary
particulate matter, mineral dust, sulphate, nitrate, ammonium, secondary organic species and
water. A detailed description of the model configuration and performances over Europe are
presented in previous studies (Bessagnet et al., 2004; Vautard et al., 2003).

Because of the possible influence of long range pollutant transport the model system was first
used at European scale over a domain ranging from 10.5W to 22.5E and from 35N to 57.5 N
with a 0.5 degree horizontal resolution and 14 vertical sigma-pressure levels extending up to
500 hPa. Downscaling was done for the Iberian Peninsula using a fine-scale domain with a
0.2 degree resolution and aone-way nesting procedure where coarse-grid smulations force
the fine-grid ones at the boundaries without feedback.

The MM5 model (Grell et al., 1995) was used to obtain meteorologica input fields. The
simulations were carried out for a coarse domain and a finer one, with respective resolutions
of 36 Km and 19 Km. MM5 simulations are forced by the National Centres for Environmental
Prediction model (GFS) analyses at both scales, using a nudging procedure.

For both domains emissions were derived from the annual totals of the EMEP database for
2004 (Vestreng et al., 2005). Origina EMEP emissions were disaggregated taking into
account the land use information, in order to get higher resolution emission data. Boundary
conditions for the coarse domain were provided from monthly climatology from LMDz
INCA model (Hauglustaine et a., 2004) for gases concentrations and from GOCART model
(Chin et al., 2002) for particulate species, as described in Vautard et al. (2005).
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These observations correspond to PM 10 and PM2.5 daily averaged concentrations recorded at
rural, suburban and urban background stations.

MODEL VALIDATION METHODOLOGY
Model results were compared with daily concentrations data of a set of Spanish stations. Data

of these stations were selected and provided by Querol and Spanish Ministry of Environment
(private communication) (see figure 1)

PM10 STATIONS PM2.5 STATIONS
44

43
42

43
42
41 41
401 401

3N 39

38
37

384
37

361

35 T T T T T T T 35 T T T T T T T
-104 -84 -6.4 -4.4 24 04 16 3.6 -104 -84 -6.4 -4.4 -24 04 16 3.6

Fig. 1; Maps showing the locations of the PM10 and PM2.5 stations..
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Model validation was done using graphical and statistical techniques. The used statistics were
the following:

1. Normaized Mean Bias.

2. Normalized absolute error.

where Co, C, and N are the observed and predicted concentrations and the number of cases,
respectively.

Cut-offsof 10 and 5 ngr/nT were used to compute the above mentioned statistics for PM10
and PM2.5, respectively. They were computed for the whole year (Table 1) and aso for the

summer (April 1 — September 30) and winter (October 1 — March 30) periods in order to
analyse possible seasonal variation (Table 2 and 3).
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Table 1. Satistics for PM10.and PM2.5

PM10 PM10 PM2.5 PM2.5
station NMB NMSE NMB NMSE
1 21 53.1 -31.4 41.5
2 21.4 46.9 -9.2 41.8
3 -15.1 40.3 -57.4 57.6
4 -26.1 40.5
5 10.5 47.1 -23.5 39.4
6 -3 41.8 -49 49.4
7 16.9 39.9 -19 39.2
8 9.3 40.1 -339 43.9
9 27.2 47.4
10 -32.9 44.3
11 -14 42.1
average 2.9 44.1 -29.7 444
Table 2. Satistics for PM10.and PM2.5 in winter time

PM10 PM10 PM2.5 PM2.5
station NMB NMSE NMB NMSE
1 9.3 57.4 -45.6 52.4
2 50.5 71.2 77 515
3 -33 48 -61.5 61.8
4 -22.8 46.9
5 28.5 59.5 -26.5 48.7
6 11.1 57.6 -49.8 50.6
7 30 52.3 -11.7 42
8 14.7 55.5 -11.6 40.6
9 33.1 56.5
10 -41.9 53.2
11 -2 50.5
average 10.9 55.8 -25.1 49.8
Table 3. Satistics for PM10.and PM2.5 in summer time.

PM10 PM10 PM2.5 PM2.5
station NMB NMSE NMB NMSE
1 33.1 48.6 -17.4 30.9
2 -4.8 25.1 -24.6 33
3 -26.7 32.8 -53.3 53.3
4 -29.5 34.1
5 -7.9 34.5 -21 31.7
6 -16.1 27.2 -48 48
7 58 29.4 -26.4 36.3
8 6.1 30.9 -45.7 457
9 22.4 39.9
10 -26.7 38.2
11 -25.1 34.4
average -4.4 34 -32.7 39.1
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RESULTS AND DISCUSSION

In the case of PM10, the CHIMERE model does not seem to show a clear trend to over or
underprediction in average as shown by the low values of NMB in Table 1. However, thereis
underprediction for stations 3, 4 and 10, while overprediction is observed specially at stations
1, 2, 7 and 9. the NMSE values are relatively high in all the stations. A notable seasonal
variation is noted (see table 2 and 3) in several stations with higher values of NMSE in
wintertime than in summertime. In addition, the model tends to overpredict dightly in
wintertime. In some cases as the station 2 (Barcelona), the seasonal variation is very
remarkable in the statistics. The figure 2 shows clearly this behaviour. This fact could be due
to a non-adequate time disaggregation of the EMEP emission data for some sector related to
urban activities. In this figure, the effect of Saharan dust event is noted during some days of
February with daily concentrations of almost 180 ngr/nt. This event is also noted at the
PM2.5 in some less extend (Figure 3). The model predictions in this event do not fit well the
observations (underprediction) showing that the CHIMERE model or, more precisdly, the
inputs of the CHIMERE model must be improved to take into account correctly the long
range transport of dust from Sahara Desert.

In the case of PM2.5, the model underpredicts but less in wintertime. It must be related to the
emission data besides modelling causes. The values of NMSE are quite similar to those for
PM 10 showing the same seasonal behaviour.
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Fig. 2; Time series of daily PM10 concentration at station 2.
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Fig. 3; Time series of daily PM2.5 concentration at station 2.

This work corresponds to the activities of model validation previous to the operational
running of the CHIMERE model as a part of the CALIOPE model system, which is a model
system for air quality forecasting in the Iberian Peninsula and Balearic Islands. CALIOPE
project is being leaded by Barcelona Supercomputing Center and severa institutions, besides
CIEMAT, such as CSIC-Instituto Jaume Almera and CEAM are participating. Other models

Page 51



Proceedings of the 11" International Conference on Harmonisation
within Atmospheric Dispersion Moddling for Regulatory Purposes

involved in this system are WRF and CMAQ. Validations for other pollutants can be seen in
(Vivanco et al, 2007 and JiménezGuerrero et a, 2007). In addition, a higher spatial
resolution emission data will be used in CALIOPE and then, it expected the model
performance will be much better.
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