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Figure 5.4: Monthly time-series of sulphur dioxide concentrations in air (µg(S) m−3),
2002, averaged over all daily EMEP measurements.

for modelled values and measurements. The distribution of high and low concentration
values are very similar in the model and in the observations. The model slightly un-
derestimates the number of days with low concentrations and overestimates days with
the medium-range values, but the overall agreement is very good. This is consistent
with the modelled seasonal cycle of sulphate resembling closely the observed one, as
can be seen from figure 5.6.

Figure 5.5 shows comparison of modelled sulphate fields over Europe with kriged
observations. The two fields are very similar, not only in the magnitude of the sulphate
concentrations but also in the geographical pattern. The model is able to simulate the
lower concentration fields over the alps, it simulates very well the gradients in the
sulphate concentrations over central Europe with somewhat lower concentrations in
France and higher toward Belgium, the Netherlands and Germany. It also captures the
magnitude of the decreasing fields northward toward Denmark, Sweden and Norway
and toward United Kingdom. The highest concentrations both in the model and in the
observations are found in the eastern part of Europe and on the north coast of Spain.

5.1.3 Nitrate and nitric acid in air

Measurements of airborne nitrate are expected to have a rather large uncertainty due
to the very different physical characteristics of the compounds making up total nitrate.
Whilst nitric acid is a spatially variable volatile gas with fast dry deposition, particulate
nitrate dry deposits only slowly and hence concentrations are more determined by long
range transport. Ammonium nitrate is mainly formed when all sulphate present is
consumed by ammonia (to form ammonium sulphates) and more ammonia is present.
Ammonia and nitric acid then forms ammonium nitrate in an equilibrium reaction
determined by relative humidity, temperature and the presence of other salts such as
sea salt and base cations. This year, the EMEP model has been updated to use a
more sophisticated module to calculate the equilibrium between nitrate, nitric acid,
ammonia, sulphate and nitric acid. As described in chapter 2, this gives an equilibrium
shifted toward nitric acid and less nitrate aerosols. Since nitric acid has a shorter
residence time in the atmosphere, the result is lower total nitrate concentration. In
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Figure 5.5: Comparison of model results and krieged observations for SO2−
4 in air

(µg(S) m−3), 2002
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Figure 5.6: Monthly time-series of sulphate concentrations in air (µg(S) m−3), 2002,
averaged over all daily EMEP measurements.

figure 5.7 we show scatter-plots for total nitrate, particulate nitrate and nitric acid in air.
Although there are some out-layers (ES10, ES13, SI08, PL03), the spatial correlation
between model results and observations for total nitrate is as high as 0.9. The bias is
25%. The results for nitrate aerosol and nitric acid are somewhat worse, but this is
expected as the data quality for these components are not as good as for total nitrate.
The reason for this is that the individual concentrations of nitrate and nitric acid are

biased when using the common filter-pack method (see EMEP Manual for sampling
and chemical analysis, e.g www.emep.int). The sampling artifact is due to the volatile
nature of ammonium nitrate, and separation of these gases and particles by a simple
aerosol filter is unreliable. Better quality data can be obtained by using denuders, but
this is a much more demanding method which few sites in the EMEP network are
using.

In figure 5.8 we present monthly time-series averaged over all EMEP measure-
ments for 2002, separately for total nitrate and nitrate aerosol. We do not include
results for HNO3 since there are relatively few of these measurements. Although the
model reproduces the seasonal cycle with high winter concentrations and low summer
concentrations, it still seem to overestimate the aerosols nitrate winter concentrations,
although less than in the old model version. The frequency analysis depicted in figure
5.9 show that days with high concentrations are overestimated whilst low concentra-
tion days are underestimated. This is consistent with the conclusions above.

5.1.4 Ammonia and ammonium aerosol in air

For 2002 as for the previous years, the rather limited number of stations (∼45) that
report measurements for NH3+NH+

4 are concentrated in the north with a few stations
scattered around in the rest of Europe. The exception is Spain that reports measure-
ments for 8 stations. In order to evaluate the model performance for NHx properly,
ammonia and ammonium should be studied separately. Unfortunately, very few mea-
surements exist where the gaseous and particle phase are analyzed both separately and
at the same time. As for sum of nitrate, the individual concentrations of ammonia and
ammonium are biased when using the common filter-pack method due to the volatile
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Figure 5.7: Scatter-plots of modelled versus observed concentrations in air of
aerosol ammonium, sum of nitrate and nitric acid, aerosol nitrate and nitric acid (in
µg(N) m−3)

nature of ammonium nitrate.

In figure 5.1 scatter-plots for 2002 for model results versus observations for NHx

and aerosol ammonium are presented. The modelled yearly averages of the concen-
tration of the sum of ammonia and ammonium in air are in good agreement with the
monitoring data, whilst ammonium aerosols are somewhat overestimated (due to too
high winter ammonium nitrate concentrations). All the Spanish stations show very
high modelled concentrations of NHx compared to the measurements, but we do not
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Figure 5.8: Monthly time-series of total nitrate and aerosol nitrate concentrations in
air (µg(N) m−3), 2002, averaged over all daily EMEP measurements.

yet have any explanation for that.
In figure 5.10 we present monthly time-series averaged over all EMEP measure-

ments for 2002, separately for ammonium plus ammonia and ammonium aerosol. We
do not include results for NH3 since there are relatively few of these measurements.
The figures show that the level of concentration of the sum of ammonia and ammonium
is well modelled in summer time, whilst winter time concentrations are overestimated.
The same can be noted for aerosol ammonium. One of the reasons could be too high
winter ammonium nitrate concentrations, which is in line with the too high winter con-
centrations observed for nitrate. This was also found for the years 1990 and 1995 to
2000 studied in EMEP status report I, part II, 2003. The frequency analysis of am-
monia, ammonium and the sum (figure 5.9) show that the number of days with high
ammonium concentrations are much higher in the model than in the observations, and
the same is found for the sum of ammonia and ammonium. The opposite is found for
ammonia, but there are only 10 sites that report NH3 and 6 of them are Norwegian.
Moreover, two of the Norwegian sites are known to be situated in environment which
experience large influence from local ammonia sources. Thus, more ammonia mea-
surements, with a broader geographical coverage, are needed in order to conclude on
the results for partitioning between ammonia and ammonium aerosol.

5.1.5 Sulphur and nitrogen in precipitation

The ability of the model to predict concentrations in precipitations and wet deposi-
tions is limited by the accuracy of the precipitation fields used in the model. Thus
with start with showing the scatter-plot of modelled versus observed accumulated pre-
cipitation for 2002 (figure 5.11). In average, the observed and modelled precipita-
tion is very similar (bias=1 %). The spatial correlation is 0.67. In the same figure,
we show scatter-plots for concentrations in precipitation of sulphur, oxidized nitrogen
and reduced nitrogen. All the concentrations are in average somewhat underestimated
(sulphur -10 %, oxidized nitrogen -30 % and reduced nitrogen -13 %). The spatial
correlation coefficients are around 0.7.

In figure 5.14, 5.15 and 5.14 we compare modelled fields of the wet depositions
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Figure 5.9: Frequency analysis of modelled versus observed concentrations in air of
aerosol ammonium, sum of nitrate and nitric acid, aerosol nitrate and nitric acid (in
µg(N) m−3)

with kriged observation fields. For sulphate concentrations in precipitation, the model
results show a similar pattern as the observations with the highest concentrations in
eastern Europe, Italy and Spain and decreasing concentrations toward the north. How-
ever, the model over-predicts concentrations in central Europe and is lower than ob-
servations in Spain. The overestimation in central Europe may partly be related to the
parametrization of precipitation scavenging. In areas with high sulphur concentrations
in air, the assumption in the model of a linear dependence of wet scavenging with sul-
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Figure 5.10: Monthly time-series of ammonium plus ammonia and aerosol ammonium
concentrations in air (µg(N) m−3), 2002, averaged over all daily EMEP measurements.

phur dioxide and sulphate would necessarily lead to over-prediction of the content of
sulphur in precipitation.

For nitrate in precipitation, the modelled field and the kriged observation field both
show the highest concentrations in east Europe and the northernmost part of central
Europe. Like for sulphur in precipitation, the model underestimates concentrations
in Spain. The gradient from Ireland and toward Poland is very well predicted by the
model, but toward the north the model has much more rapidly decreasing concentra-
tions than what is observed.

The field over Europe of ammonium in precipitation is not quite as well simulated
as the other two components. From figure 5.14 it is clear that reduced nitrogen in pre-
cipitation is underestimated in Nordic countries, but overestimated in most of central
Europe. The concentration field is nicely reproduced for Spain, United Kingdom and
Italy.

In general, the model’s lesser ability to predict concentrations in Mediterranean
countries may be related to problems in the description of the convective processes in
the model, as was also suggested in EMEP Status Report 1/2003.

The frequency analysis of the different components in precipitation in figure 5.13
show that the model gives a reasonable distribution of the concentrations data. How-
ever, the model overpredics number of days with low concentrations. This may be
related to the scale of the EMEP regional model; The precipitation field pattern is very
patchy (e.g. influenced by local topographic effects), and the regional scale model is
unable to resolve this sub grid scale distribution. A typical problem arises with small
scale showers. In reality precipitation is high in a small area of a given grid, but a large
fraction of the grid should remain dry. Within the model, however, this precipitation
is averaged out to cover the whole grid at a lower intensity. Thus, even though aver-
age precipitation amounts may be simulated well, the model experiences precipitation
more often, but in lower amounts, than occur in reality. On a shorter time scale, e.g on
daily basis, this may lead to too high concentrations in precipitation for episodes when
it rains only in a small part of the grid square. Moreover, for a station situated in the
dryer part, the model may predict too low concentrations.
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Figure 5.11: Scatter-plots of modelled versus observed results for concentrations of
sulphate, oxidized nitrogen and reduced nitrogen in precipitation and accumulated pre-
cipitation (in mg(S)l−1and mg(N)l−1)

5.2 Depositions of sulphur and nitrogen in 2002 and ex-
ceedances of critical loads

In figure 5.17 and 5.18 we present maps of depositions for 2002 for oxidized sulphur,
oxidized nitrogen and reduced nitrogen. These deposition fields have been used to
calculate the exceedances of critical loads in Europe.

Two different critical loads has been used: the critical load of nutrient nitrogen,
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(a) S wet dep. (b) Ox. N wet dep.

(c) Red. N wet dep

Figure 5.12: Monthly time-series of wet depositions of sulphur (in mg(S)m−2), ox-
idized nitrogen (in mg(N)m−2) and reduced nitrogen (in mg(N)m−2), respectively.
The data is averaged over all days where measurements have been reported, also days
where depositions have been reported to be zero.

the maximum accetable deposition of nitrogen not causing euthrophication of ecosys-
tems, and critical loads of acidity, the maximum deposition of sulphur and nitrogen
not causing detriemental leaching of acidity. The calculated exceedances of the crit-
ical loads are the so-called average accumulated exceedances, described e.g in Posch
et al. (2001).

The modelled depositions are used to calculate exceedances of critical loads for
acidification and nutrient nitrogen in two different ways. In the first approach we use
the total grid average depositions for all landuse classes, which has been the traditional
way of calculating exceedances.

The dry deposition scheme used in the model distinguishes between a number of
land use categories. Dry deposition will thus differ for different land use types. This
has implications for the exceedances of critical loads. Dry deposition is added to the
wet deposition (unaffected by land use) to get the total deposition.

Last year we presented for the first time the use of modelled ecosystem specific
deposition data in calculation of critical loads. Three ecosystem classes have been
identified as most significant for the calculation of exceedance to critical loads. These
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Figure 5.13: Frequency analysis of modelled versus observed results for concen-
trations of sulphate, oxidized nitrogen and reduced nitrogen in precipitation (in
mg(S)l−1and mg(N)l−1)

are:

• Forest ecosystems

• Semi-natural vegetation

• Surface waters

In figure 5.19 and 5.20 we present maps of exceedances to critical loads for 2002
calculated by the two different methods.
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Figure 5.14: Comparison of model results and krieged observations for S in precipita-
tion (mgS/l), 2002
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Figure 5.15: Comparison of model results and krieged observations for oxidized nitro-
gen in precipitation (mgN/l), 2002
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Figure 5.16: Comparison of model results and krieged observations for reduced nitro-
gen in precipitation (mgS/l), 2002
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Figure 5.17: Modelled deposition of sulphur (in mg(S)m−2) and oxidized nitrogen (in
mg(N)m−2) for 2002
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Figure 5.18: Modelled deposition of reduced nitrogen (in mg(N)m−2) for 2002

Forests receive more deposition than most other land use types. Thus depositions
to forests per unit-area tends to be higher than levels calculated for the grid average.
Therefore, exceedances of critical loads calculated using ecosystem specific deposi-
tions instead of the grid averaged depositions gives a somewhat more pessimistic pic-
ture of the status of European ecosystems at risk. This has to be kept in mind when
comparing maps of exceedances of critical loads with maps presented for previous
years in earlier reports. The trend in the exceedances of critical loads from the early
1980 until today using ecosystem specific depositions is discussed in chapter 7 using
depositions recalculated with the most recent EMEP model version.

5.3 Differences in model results from previous years

The depositions for 2002 shown in section 5.2 differ from the results for 2001 pre-
sented last year for four different reasons. Firstly, different meteorological conditions
in 2002 compared to 2001 have impact on the modelled depositions. Secondly, the
magnitude of emissions for 2002 are slightly different from the emissions for 2001.
The impact of these two factors will be discussed in section 5.3.1. The third reason
is that we have used the most updated model version for 2002 (version 2.0) whilst the
results for 2001 were calculated with version 1.8. As outlined in chapter 2 there is
a reduced night time conversion of NO2 to HNO3 in the latest model version. This
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Figure 5.19: Calculated exceedances (in eq/ha/yr) for critical loads for acidification
using grid average depositions (top) and ecosystem specific depositions (bottom).
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Figure 5.20: Calculated exceedances (in eq/ha/yr) for critical loads for nutrient nitro-
gen using grid average depositions (top) and ecosystem specific depositions (bottom).
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change has shifted the chemical balance somewhat toward NO2 instead of HNO3 and
nitrate. Moreover, we use the EQSAM (see description of model changes in chapter 2)
routine to calculate the chemical equilibrium between NH+

4 , NH3 , HNO3, NO−
3 and

SO2−
4 . Compared to the old scheme this gives lower nitrate aerosol concentration in the

winter (and higher nitric acid) and slightly higher nitrate in summer, resulting in much
better agreement between observed and modelled nitrate in air. In total, these changes
have slightly increased the dry deposition of oxidized nitrogen on behalf of the wet
deposition. The last reason for the differences between the 2002 and 2001 results is
that the method for creating gridded emission data have been changed at MSC-W. This
issue is the subject of section 5.3.2.

5.3.1 Differences in depositions and concentrations between 2002
and 2001

In order to investigate in a consistent way the differences between 2002 and 2001,
we have performed new calculations for 2001, using exactly the same model version
and method for gridding emissions. Thus, the differences are only due to changes in
emissions and meteorological conditions.

The emissions used for the 2002 and 2001 runs are documented in Vestreng et al.
(2004). According to the reported data, the total amount of anthropogenic emissions
in the EMEP area changed very little from 2001 to 2002. The overall decrease of
SOx emissions in the area was approximately 0.1%. NOx emissions decreased by
approximately 0.3 %. For ammonia the decrease was 1%. It should be noted, however,
that some countries reported emissions for 2002 that were significantly different from
2001. For example Slovakia and Ireland reported reductions of SOx of about 20 %
and Ukraine an increase of 8 %. For NOx, Lithuania reported the largest decrease of
approximately 8 %. Most countries reported very similar ammonia emissions for in
2002 as they did for 2001.

In figure 5.21 we show differences between air concentrations of SO2, sulphate,
total nitrate and sum of ammonia and ammonium in 2002 and 2001. In most of Eu-
rope, yearly averaged concentrations vary with less than 10 % between 2002 and 2001.
However, in some areas, the differences amounts to as much as 10-30%. This is the
case e.g for SO2, sulphate and total nitrate concentrations in Belarus and Ukraine.

In figure 5.22 we present maps of the differences between the two years for total
(wet plus dry) depositions of sulphur, oxidized and reduced nitrogen, respectively. De-
spite that the emissions are on the same level for the two years, depositions of sulphur
increase upt to 10 to 30 percent in Italy, Belarus, northern Spain and other countries
situated by the Adriatic sea. In most of Europe, however, depositions decrease or re-
mains on the same level. The same pattern is also observed for reduced and oxidized
nitrogen depositions. In figure 5.23 we show maps of differences between the two
years for dry and wet depositions separately. Dry depositions of SOx and NOx in-
crease significantly in Estonia, Belarus and Ukraine, despite that emissions changed
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Figure 5.21: Differences (in percent) between air concentrations of SO2, sulphate, total
nitrate and sum of ammonia and ammonium in 2002 and 2001.

relatively little between the two years. The wet depositions in the corresponding areas
decreased, except in parts of Belarus. The increase both in dry and wet deposition in
Belarus is probably caused by increased long range transport from Ukraine and Russia.
The differences between the total depositions are smaller than between the dry and wet
depositions separately. This is expected since lower wet deposition is compensated by
higher dry deposition.

In figure 5.24 we show the difference (in percent) between the amount of precipi-
tation in 2001 and 2000 as predicted by the meteorological input data. Comparing this
figure with figure 5.22 shows that the pattern of increased depositions resembles the
pattern of increased precipitation.

We conclude that the main differences between the deposition patterns in 2002 and
2001 are caused by the meteorological conditions.
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Figure 5.22: Differences (in percent) between depositions in 2002 and 2001.

5.3.2 Differences in model results due to revision of the input grid-
ded emission data

In order to evaluate the effect of improving the spatial distribution of the emissions in
the model calculations, we have performed two sets of model runs. In both runs the
country totals and the sector distribution is the same, and these have been kept at the
same level as the 1999 emissions updated last year, documented in Vestreng (2003).
The only difference between the model runs is the gridding of the emissions.

The differences in the gridding of the emissions are explained and illustrated in
chapter 3.The main differences in the spatial distribution of emissions are for NH3,
where the new gridding is now based on TNO CEPMEIP estimates and affects the
distribution of these sources in most parts of Western Europe. For NOx and SOx

emissions, differences are mostly in the distribution of traffic emissions, especially in
Ukraine and The Russian Federation.

In figure 5.25 and 5.26 we show maps with differences in the results between the
run using the new gridding method and the old gridded method for a selection of
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Figure 5.23: Difference (in percent) between depositions (wet and dry, respectively)
of oxidized sulphur, oxidized nitrogen and reduced nitrogen between 2002 and 2001.

compounds. Both figures show that the effect of emission distribution changes is of
the order of 20% for dry deposition and air concentrations of the primary pollutants,
namely SO2 and NH3. In both cases, the spatial distribution of the changes correspond
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Figure 5.24: Difference (in percent) in precipitation fields between 2002 and 2001.

to the spatial distribution of the emission changes. For secondary pollutants and wet
deposition, the changes between the two runs are smaller, generally below 10%.

It is interesting to note that the changes due to emission distributions are of the
same order of magnitude as the changes in dry deposition due to inter-annual meteo-
rological variations.

As can be seen from table 5.1, the spatial correlation coefficients from the runs
using the improved gridding of emissions are the same or slightly higher for almost all
components than when using the old method. In figure 5.27 we present scatter-plots
for wet depositions of reduced nitrogen and sum ammonia plus ammonium in air us-
ing new and old gridded 1999 emission data. For reduced nitrogen wet depositions
the spatial correlation coefficient increase from 0.57 to 0.62. For ammonia plus am-
monium in air the corresponding numbers are 0.79 and 0.84.The impact of emission
distribution changes for NH3 are those that are more visible in the validation. The
reason is the spatial distribution of the monitoring network. The largest changes in the
the SOx emission redistribution are mostly located in Eastern Europe, in areas with
no monitoring stations. Thus, they are difficult to validate. For ammonia however,
there are large changes in Western Europe, where also many monitoring stations are
situated. The increased spatial correlations indicate that the new method for gridding
the emissions has been an successful improvement.
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Component Ns Obs Mod Bias (%) Corr Corr (old)
In Air

SO2 (µg(S) m−3) 90 0.85 1.09 28 0.80 0.80
SO2−

4 (µg(S) m−3) 84 0.75 0.71 -5 0.75 0.74
HNO3+ NO−

3 (µg(N) m−3) 47 0.47 0.55 17 0.82 0.81
NH3+NH+

4 (µg(N) m−3) 44 1.32 1.37 3 0.84 0.79

In precipitation
Sulphur (mg(S)l−1) 82 0.51 0.52 3 0.68 0.69
Red. N (mg(N)l−1) 81 0.40 0.36 -9 0.70 0.68
Ox. N (mg(N)l−1) 81 0.39 0.30 -22 0.72 0.72

Wet deposition
Sulphur (mg(S)m−2yr−1) 82 29568 33751 14 0.65 0.69
Red. N (mg(N)m−2yr−1) 82 24851 22687 -8 0.62 0.57
Ox. N (mg(N)m−2yr−1) 82 23380 18002 -23 0.69 0.69

Table 5.1: Model results for 1999. If not specified, results for new emissions. Ns;
the number of stations where measurements were available, Obs; the measured yearly
average over Ns stations, Mod; the modelled yearly average over Ns stations, Bias;
the bias (Model−Observation

Observation
× 100%), Corr; the spatial correlation between observation

and model for station yearly averages.
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Figure 5.25: Difference (in percent) between depositions (wet and dry, respectively) of
oxidized sulphur, oxidized nitrogen and reduced nitrogen using new and old gridded
1999 emission data.
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Figure 5.26: Difference (in percent) between SO2, sulphate, total nitrate and sum am-
monia plus ammonium in air using new and old gridded 1999 emission data.
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(a) red. N conc. in precip, new (b) red. N conc. in precip, old

(c) NH3+NH+

4 , new (d) NH3+NH+

4 , old

Figure 5.27: Scatterplots for wet deposition of reduced nitrogen in precipitation and
sum ammonia plus ammonium in air using new and old gridded 1999 emission data.
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CHAPTER 6

Photo-oxidants

Jan Eiof Jonson, Sverre Solberg and David Simpson

6.1 Introduction

This chapter examines the performance of the EMEP photo-oxidant model (revision
rv2.0) for ozone, NO2, formaldehyde, ethene and isoprene. The analysis focuses on
the year 2002. The model validation presented here is similar to that presented for
year 2000 in last years report (Simpson et al. 2003) For ozone model results are also
compared to vertical soundings.

6.2 Ozone in 2002

In Figure 6.1 the average daily maximum ozone for the summer months April through
September is depicted. High ozone levels are predominantly seen in and around the
Mediterranean ocean, and in particular in northern Italy. With high levels of ozone
precursor emissions, abundant solar radiation, the Po valley in northern Italy favours
ozone production. The high ozone levels in northern Italy are much more pronounced
calculated with the Eulerian model compared to the Lagrangian model calculations.
This was seen already in Simpson and Jonson (1998), comparing model results cal-
culated with the EMEP lagrangian photochemistry model with results from an older
version of the Eulerian photochemistry model. Here it was also shown that compared
to measurements, the Eulerian model performed better than the Lagrangian model in
southern Europe, and in particular so for the site Ispra in northern Italy, indicating that
the high ozone levels calculated with the Eulerian model are realistic. The difference
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in calculated ozone stems from differences in model formulations. The main differ-
ences between the two models are in their physical structure, the Lagrangian model
having just one layer and 150× 150 km2 horizontal resolution and the Eulerian model
having 20 vertical levels and 50× 50 km2 horizontal resolution.

In Figure 6.2 monthly averaged daily maximum ozone are shown for the years
1990 and 1995 to 2002. It is difficult to identify any trends in ozone. A thorough
discussion on ozone trends is included in a later special report on trends and will not
be discussed here.

6.3 Time-series for ozone

As in previous ozone model evaluations (Simpson 1992, 1993, Simpson et al. 1998,
2003, Simpson and Jonson 1998, Jonson et al. 1998, 2002), we use the daily maximum
ozone as the basis of our statistical evaluation. The reason for this is that the daily
maximum usually represents the time when the boundary layer is well-mixed (mid-
afternoon, typically), and so modeled and observed concentrations should be most
comparable. The presentation of sites has been divided into regions.

6.3.1 Nordic Sites

Figure 6.3 and 6.4 presents time-series plots of modeled versus observed daily maxi-
mum ozone concentrations for a number of Nordic sites for the year 2002. In general,
the model reproduces the observed concentrations rather well at these Nordic sites. At
northern and western sites within the region the model under-estimates spring ozone,
suggesting that the lateral boundary concentrations are too low in spring at high lati-
tudes.The low values measured at the Zeppelin mountain are caused by bromine chem-
istry not included in the model.

6.3.2 Eastern European Sites

Figure 6.5 and 6.6 presents time-series plots of modeled versus observed daily maxi-
mum ozone concentrations for a number of Eastern European sites for the year 2002.

The northernmost sites are presented in Figure 6.5 The model is able to reproduce
the time-series for most of these sites rather well. With the exception of Lehemaa in
Estonia the seasonal cycle is well reproduced. Most of these sites are at approximately
the same latitude as Mace Head. In addition the local, European, influence is large
as these sites are located more or less in the middle of the continent. Performance
is poor for only two of the sites shown, Lahemaa (EE09) in Estonia and Sniezka in
Poland. Lahemaa had similar problems for 2000 as described in Simpson et al. (2003)
The site Sniezka in Poland is a mountain site (1600 meters elevation) and is in the free
troposphere for much of the year. This peak is not captured by the model topography.
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Figure 6.1: Daily maximum ozone for the summer months April through September
in 2002.

Figure 6.2: Monthly averaged daily maximum ozone for 54 European sites with con-
tinuous measurements from 1990 to 2002
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Figure 6.3: Modeled versus Observed Daily Max Ozone (ppb), Nordic Sites, 2002
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Figure 6.4: Modeled versus Observed Daily Max Ozone (ppb), Nordic Sites, 2002
continued

Lehemaa is the northernmost of these sites, and may have more in common with the
Nordic sites.

Results for sites in Southeast Europe (Figure 6.6) are generally good, with levels
and seasonal cycles well reproduced by the model, and correlation coefficients usually
exceeding 0.7. As for Sniezka, the site Krvavec is a mountain site measuring free
tropospheric air much of the year resulting in an underestimation of modeled ozone.

6.3.3 Central and North-West European Sites

The Figures 6.7, 6.8 and 6.9 presents time-series plots of modeled versus observed
daily maximum ozone concentrations for a number of Central and Northwest European
sites for the year 2002. The model performs well for all of these sites, with correlation
coefficients exceeding 0.7 for all sites and with good reproduction of seasonal cycles.
There seems to be some tendency to under-predict the highest ozone episodes, but the
occurrence of most episodes is reproduced well.

It is encouraging that the model performance is so consistent across these sites, as
they actually represent a large mixture of climates and ozone regimes. The remote site
Mace Head (IE31) represents one extreme, being situated on the west coast of Ireland
and only occasionally subject to episodes of high ozone. This sites play a strong role in
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Figure 6.5: Modeled versus Observed Daily Max Ozone (ppb), Northeast Europe,
2002

setting the boundary conditions for the EMEP model (Simpson et al., 2003), so good
agreement is guaranteed here for the seasonal (monthly average) cycle, but the ozone
episodes that do occur here are well captured by the model. The seasonal cycle is also
reproduced well for sites with very different concentration levels, for example DE02
(Langenbrügge/Waldhof). Furthermore, sites located in the Alps (Illmitz, St. Koloman
, Payerne and Taenikon) shows similar levels of agreement across the year.
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Figure 6.6: Modeled versus Observed Daily Max Ozone (ppb), East and Southeast
Europe, 2002
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6.3.4 Mediterranean and Iberian Sites

Figure 6.10 presents time-series plots of modeled versus observed daily maximum
ozone concentrations for a number of Mediterranean, and one Portuguese, sites for
year 2002. Considering the large area there are relatively few Mediterranean sites
measuring ozone.

The model reproduces the observed concentrations at most sites rather well. It
should be noted that Montelibretti is situated near to Rome, and often influenced by
the urban plume – as is evident presumably in the frequent episodes of almost-zero
ozone seen in Fig. 6.10. The site Monte Velho also shows signs of being influenced by
local sources.

The French site Iraty (close to the Spanish border) is at 1300 meters elevation. In
parts of the year ozone is under-predicted at this site. As for the other mountain sites
shown (Sniezka and Krvavec) this site is also likely to measure free tropospheric air in
the winter months.

As in last years report poorer results are obtained from a relatively new Mediter-
ranean station, Giordan lighthouse (MT01) on Malta. Although correlations are rea-
sonable, the model systematically under-predicts observed O3 at this site. As this sites
is relatively new to the network it is difficult to say at this stage if these problems are
due to model performance, emissions, or boundary conditions for this region, or to
problems with the observations.

6.4 Vertical soundings

Vertical soundings of ozone are made at several sites in Europe. The main incentive
for these measurements are to study stratospheric ozone depletion rather than ozone
in the troposphere. Hence measurements are more frequent in winter/spring. Even
so, these measurements are of immense value also in the troposphere. The ozone
soundings are mainly made around noon or midnight. Hence the corresponding model
output is from 00 and 12 UTC. In the model ozone in the free troposphere is to a large
extend determined by the lateral boundary concentrations. To what extent model and
measured ozone agree is then a test of the lateral boundary concentration rather than
model chemistry. In Figures 6.11,6.12, 6.13 and 6.14 ozone soundings at Uccle in
Belgium, Sodankyla in northern Finland, Hohenpeissenberg in Germany and Payern
in Switzerland are compared to the model data. An average of all measurements at
the individual sites, and the corresponding model data are made for each month. The
horizontal bars shows the variability in measured and calculated concentrations.

In general the model is able to reproduce the ozone concentrations in the free tro-
posphere, suggesting that the ozone climatology used as lateral boundary concentra-
tions is realistic. There is a tendency for the model to overestimate ozone in the free
troposphere at all seasons except summer, and in particular so in the upper tropo-
sphere/tropopause region. A likely explanation for the overestimation in the tropopause
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region is that the tropopause height in 2002 is higher than that used in the lateral bound-
ary concentrations. As there is a very strong gradient in ozone across the tropopause
too much ozone will thus be advected into the upper troposphere at the lateral bound-
aries. The EMEP unified model is mainly designed for studying pollution in the lower
troposphere. Therefore the vertical resolution is rather poor in the tropopause re-
gion, weakening the gradient between tropospheric and stratospheric air. On the other
hand, uncertainties in O3 around the tropopause have very little significance for surface
ozone concentrations calculated in a regional model.

6.5 Frequency Distributions for O3

The daily maximum ozone concentrations from the model and measurements can also
be displayed as frequency distributions. Figure 6.15 shows the frequency distribu-
tion of measured and modeled daily maximum ozone at all sites measuring ozone in
2002. As for previous years (Simpson et al., 2003) the model tends to under-predict
the number of very high and very low values measured. In figure 6.16 the frequency
distribution is shown for both winter and summer seasons. The frequency is much
better reproduced by the model in winter when the chemistry is slow. In the sum-
mer months the tendency to over-predict median values and under-predict the extreme
levels (extreme low or extreme high) is even stronger than for the annual plot. The
inability to reproduce the extreme ozone levels is linked to the model resolution as the
measurement sites are likely to pick up signals from polluted plumes not fully resolved
in the model (Simpson et al., 2003).

6.6 Ozone indicators (AOT40 and SOMO35)

Figure 6.17 depicts SOMO35 (sum of daily 8 hourly average ozone above 35 ppb) for
2002. As for average daily maximum ozone in the summer months (Figure 6.1) high
values are in particular seen in and around the Mediterranean ocean.

In Figure 6.18 AOT40c (left) and AOT40f (right) are depicted. (Note that these
calculations for the top of canopy, instead of at 3 m was was previously done – see dis-
cussion in section 1.2). As for summer ozone and SOMO35 high levels are seen in and
around the Mediterranean ocean. For AOT40c levels exceed 3000 ppb.h all for most of
Europe. For forests, AOT40f levels also exceed 5000 ppb.h extensively across Europe.
It should be noted though that for crops we have made use of a default time window
of May-July for these calculations. A more thorough calculation would involve differ-
ent time-windows in different countries, in accordance with the new Mapping Manual
(Mills 2004).
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6.7 Nitrogen Dioxide

In last years report (Simpson et al. 2003) NO2 concentrations for several years were
compared to measurements. Changes in model results from last year are small. In this
report calculated and measured data for year 2002 are presented. The sites presented
in this year report are virtually the same as last year.

In Figure 6.19 presents the scatter plot of modeled versus measured annual NO2.
The plot shows the 1:1 line and the lines of ±30% and ±50% bias. The chemical
lifetime of NO2 is short (only a few hours in summer), and levels are likely to differ
greatly even within the 50×50 km2 model grid. With a correlation of 0.74 and and a
bias of -28% the model performance is satisfactory for this component.

Figure 6.20 the frequency distribution of modeled and measured NO2 is shown.
The model is seen to under-predict the frequency of high concentrations and and over-
predict the frequency of low concentrations. The higher frequency of high concentra-
tions may partly be a result of influence from local sources not captured in the model.
In Figure 6.21 and 6.22 frequency distributions of NO2 are shown for the Nordic coun-
tries and for Central Europe. In the Nordic countries the model over-predicts the fre-
quency of low concentrations and under-predicts the frequency of median concentra-
tions. In Central Europe the model over-predicts the frequency of median concentra-
tions and under-predicts the frequency of high concentrations.

For the individual sites the model performance for 2002 is very similar to the model
performance in 2000 as presented in Simpson et al. (2003). Thus timeseries for indi-
vidual sites are not shown in this report.

6.8 VOC

The model calculations have been compared with the measurements of VOC in 2002.
Details of the VOC monitoring sites, sampling and instrumentation etc are given in
the EMEP VOC data report (Solberg 2004). VOC monitoring data from 10-15 sites
were reported to EMEP in 2002 including light hydrocarbons (C2-C8) and carbonyls
(C1-C6). The hydrocarbons were collected as grab samples in canisters at most sites,
except for two sites (CH05, Rigi and DE43, Hohenpeissenberg) which used online
monitors. All carbonyls were 8-h samples collected by adsorption tubes.

Formaldehyde has previously been shown to be well suited for evaluation of the
photochemistry model (Solberg et al. 2001), particularly in the summer half year,
whereas ethene during winter could be used to evaluate the emissions and the atmo-
spheric transport. During summer the residence time of ethene in the troposphere is
normally too short to use it for model evaluation on a long-range scale. Isoprene is
emitted by vegetation depending on the ambient conditions like temperature, solar ra-
diation, soil moisture etc and has a very short lifetime in the atmosphere. The modeled
isoprene concentrations are associated with large uncertainties and substantial sub-
grid (horizontal and vertical) variations which intuitively would make it less suited for
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model evaluation. Nevertheless, for some of the EMEP sites, modeled isoprene has
turned out to correlate surprisingly well with the measurements Solberg (2003). The
reason for this is probably that the meteorological parameters (temperature and radia-
tion) are well described in the model, giving reasonable emission rates, and that also
the modeled OH and O3 concentrations controlling the oxidation is realistic.

Time-series of modeled and observed formaldehyde (methanal), ethene and iso-
prene are shown in Figure 6.23 and 6.27 respectively. Daily averaged model values are
shown for ethene and isoprene and 8:00-16:00 averages for modeled formaldehyde.
The correlation coefficients, r, and the normalized mean difference, NMD = (P-O)/O,
where P and O are annual mean predicted and observed concentrations, are given in
the diagrams.

Except for Brotjacklriegel, the modeled formaldehyde is lower on average than
observed. Brotjacklriegel is a mountain site located at about 1000 m asl and may
be less representative than the other sites. However, the correlation coefficients in-
dicate a good agreement at some of the sites, like DE02 (Langenbrugge) and DE08
(Schmucke). In previous studies, the model performance for formaldehyde has been
particularly good for FR08 (Donon), but that is not the case for the 2002 results shown
here. Compared to previous studies (e.g. Simpson et al. 2003) it is also clear that the
modeled concentrations of formaldehyde in 2002 have been reduced (relative to the
measurements). The reason for this is not clear. One explanation could be a shift in
the emission split of the VOC, giving more butane emissions and less o-xylene.

Due to the uncertainties in emissions of individual VOCs the model is not really
expected to perform very accurately for ethene. However, a reasonable good correla-
tion with the measured ethene concentrations is seen for several sites, like Zingst and
Langenbrugge and also at a remote site like Pallas except for a bias in summer. The
bias in summer at Pallas may indicate biogenic emissions of ethene which is not in-
cluded in the modeled emissions. The generally good model performance for ethene
at the more remote sites in winter (Pallas and Utø) indicates that long-range transport
episodes are simulated in a realistic way.

The model performance for isoprene is very variable as expected. However, for
several sites, like Brotjacklriegel, Rigi, Donon and Peyrusse Vielle, the agreement
with the measurements is surprisingly good, giving confidence that the treatment of
isoprene in the model is acceptable.
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Figure 6.7: Modeled versus Observed Daily Max Ozone (ppb), UK and Ireland, 2002
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Figure 6.8: Modeled versus Observed Daily Max Ozone (ppb), Central and Northwest
European Sites, 2002
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Figure 6.9: Modeled versus Observed Daily Max Ozone (ppb), Central and Northwest
European Sites, 2002 continued
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Figure 6.10: Modeled versus Observed Daily Max Ozone (ppb), Mediterranean Sites,
2002
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Figure 6.11: Measured ozone (ppbv) averaged for all available vertical soundings at
four sites in January and the corresponding calculated ozone
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Figure 6.12: Measured ozone (ppbv) averaged for all available vertical soundings at
four sites in March and the corresponding calculated ozone
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Figure 6.13: Measured ozone (ppbv) averaged for all available vertical soundings at
four sites in July and the corresponding calculated ozone
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Figure 6.14: Measured ozone (ppbv) averaged for all available vertical soundings at
four sites in October (September for Payerne) and the corresponding calculated ozone
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Figure 6.15: Comparison of modeled (dashed line) and observed (solid line) frequency
distributions of daily maximum ozone for all sites measuring ozone in 2002

Figure 6.16: Comparison of modeled (dashed line) and observed (solid line) frequency
distributions of daily maximum ozone for all sites measuring ozone in 2002 in summer
(April through September), left and winter (January, February), right
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Figure 6.17: SOMO35, sum of means over 35ppb for 2002
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Figure 6.18: Left AOT40c (crops) in ppb.h. Right AOT40f (for forest) also in ppb.h.
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Figure 6.19: Comparison of modeled versus observed annual NO2 concentrations, year
2002.

Figure 6.20: Frequency of modeled versus observed annual concentration bins for
NO2, year 2002.
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Figure 6.21: Comparison of modeled versus observed Central NO2 concentrations in
the Nordic countries, year 2002.

Figure 6.22: Frequency of modeled versus observed annual concentration bins for NO2

in Central Europe, year 2002.




