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Model performances have been evaluated against available background urban, periurban and rural observations
(AIRBASE 2022) for the main pollutants either for LT or ST simulations. The bias, root mean square error (RMSE)
and the Pearson’s spatiotemporal correlation are used for the evaluation (Figure 1). The evaluation Figure 1was
performed over a common set of stations over each simulation domain. However the data used to calculate the
daily and hourly values are not necessary issued from the same dataset. Indeed, hourly concentration values were
uploaded by the modelling teams for ST simulations while daily mean outputs mix ST and LT simulations. The
full set of statistical indicators is provided in the supplementary material A. Usually, models perform better for
hourly than daily concentrations for ozone due to the model’s capability to capture well the diurnal cycle. It is the
opposite for PM because the diurnal profile is less pronounced as shown in previous exercises like EURODELTA
(Bessagnet et al. 2016). Correlations are usually better for PM; s than for PMyg given the larger differences in the
methods to simulate natural coarse particles (dust and sea salts). The variability of correlations for daily ozone
concentrations is quite large while for NO; the range of the values in the core of the distribution (between the 25™
and 75" percentiles) is the narrowest. The root mean square error is very sensitive to the bias. A slight positive
bias is in general observed for ozone even if some model results display large negative or positive biases up to
respectively -35 pug m= and +50 pug m=. NO; and PMyp are often underestimated while the bias for PM s is slightly
negative for most models.

The highest correlations (in the range 0.50 — 0.94) for a significant number of PM3 s daily and hourly concentrations
are observed for CHIMERE and EMEP for episodes in various cities, such as London, Warsaw, Madrid, Oslo,
Berlin, and Prague. Over cities, such as Helsinki for EMEP, London for CMAQ, Athens for CHIMERE and WRF-
Chem, the correlation is close to zero for some episodes and even negative.

For ozone concentrations, correlations between 0.83 and 0.86 are observed for some model configurations on
hourly basis, such as EMEP for the Brussels and Amsterdam short term simulations. For the LT simulation over
Zagreb, ADMS displays a noteworthy correlation of 0.89 with a positive bias of +9.8 pug m3. Over Athens,
Copenhagen and Prague the spatiotemporal correlations for daily values drop to 0 or can be slightly negative for
some EMEP or CHIMERE configurations. Over the Po Valley, MINNI shows the highest correlations for hourly
concentrations for both LT and ST simulations, 0.79 and 0.76, respectively, on hourly basis, with a positive and
negative biases, +5.9 and -1.45 pug m, respectively.

In the supplementary material A, an excel sheet provides an histogram overview of statistics using filtered data in
the main sheet “Statistics». Athens is the most addressed area by modelling teams emphasizing the large spectrum
of model performances. Focussing on the ST episode in summer (Figure 2), WRFNKUA displays a very high
positive bias for NO2 (up to +40 pug m) and then a negative bias for Ozone. Other models like CHIMERE or
EMEP have a lower positive bias for NO, but still a negative bias for Ozone. Correlation for PMio hourly
concentrations are very low for all models however looking at PMas concentrations the statistics are better with a
correlation exceeding 0.5 with a WRF-Chem configuration. For this area a limited number of observation are
available in the EEA database (only 18 for the PM2s5).
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Figure 1: Box and whisker plots of model performances by pollutant (spatio-temporal correlations, Root Mean Square Errors
and biases) for short- and long-term simulations on hourly and daily bases.

While uEMEPTAG with its high resolution grid usually displays better performances for NO, regarding the bias
and then the RMSE, the models fail on the spatio-temporal correlation which is systematically lower compare to
the CTM outputs. It is particularly true in Paris (PAR014) where several CHIMERE version operates displaying
clearly better correlations particularly the one operated by the CIEMAT with correlation above 0.70 for both PM2 5
and NOy, while NO- correlations for UEMEPTAG are close to 0.50. This result is not surprising, an increase of
resolution does not automatically provide better results, particularly when the model uses an emission inventory
improved by a proxy approach as shown in (Colette et al. 2014).
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Figure 2: Focus on error statistics over the Athens ATH016 Short Term episode (left y-axis in pg m-3; no unit on right y-axis)
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