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Figure 6.23: Time series of measured and modeled formaldehyde at EMEP sites in
2002

CHAPTER 6. PHOTO-OXIDANTS

133

Figure 6.24: Time series of measured and modeled ethene at EMEP sites in 2002
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Figure 6.25: Time series of measured and modeled ethene continued
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Figure 6.26: Time series of measured and modeled isoprene at EMEP sites in 2002

136

EMEP REPORT 1/2004

Figure 6.27: Time series of measured and modeled isoprene continued
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Conclusions

In this chapter model calculations of ozone, NO2 , formaldehyde, ethene and isoprene
in 2002 are compared to measurements. In addition to the EMEP surface measurements, calculated ozone has also been compared to ozone sonde data. The model performance is consistent with the model validation presented for several years in Simpson et al. (2003).
For ozone the model performs well for almost all sites/regions. The model tends to
underestimate the frequency of both high and low ozone levels, but this is most likely
linked to model resolution: the measurement sites are likely to pick up signals from
plumes not resolved in the model.
The model tends to overestimate free tropospheric ozone for most sites/seasons
except in the summer months. The vertical distribution of ozone is to a large extent
determined by the lateral boundary concentrations. The effects of this overestimation
is however limited for surface ozone, and the comparison shown here confirm that
the model performs well in simulating the general level and seasonal cycle of surface
ozone values.
Modeled and measured NO2 are compared as scatter and frequency plots. The
model tends to underestimate NO2 . NO2 has a very short lifetime and sub grid scale
variations will be large, making the comparison with measurements a hard task for the
model.
Contrary to previous years the model underestimates concentrations of formaldehyde. The reason for this is unclear, but this could be caused by a shift in the emission
split of VOC.
There are large uncertainties in the emissions of individual VOCs. Even so the
correlation with measurements for ethene is reasonable good. The rather good model
performance at remote sites in winter indicates that the long range transport is realistic
in the model.
Emissions of isoprene depend on a number of factors that can not be fully resolved
in a regional model. Even so the agreement with measurements is surprisingly good,
giving confidence in the emission levels applied for this species.
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CHAPTER 7

Changes in risk calculations for ecosystem damage
from 1990 to 2020

Leonor Tarrasón, Maximilian Posch, Till Spranger and Peter Wind
Since the time of the final negotiations for the Gothenburg Protocol and the EU
National Emission Ceilings (NEC) Directive, the scientific community has refined and
improved their evaluation of the impact of air pollution in ecosystems. The risk levels
for acidification and eutrophication derived from the new calculations are considerably
higher than those estimated back in 1998. This chapter explains the reasons behind the
new estimates and systematically analyses which factors have determined the largest
changes in the calculation of risk damage to ecosystems.
The new (2004) calculations show a general increase of the risk for ecosystem
damage. For acidification, the estimated risks over Europe can be up to a factor of 3
higher while for eutrophication the new risk estimates are about 30-50% higher than
previous estimates. The most significant changes in the calculations of exceedances
are related to the use of land cover specific deposition as well as to the use of the new
Unified EMEP model. Updates in emission and critical load data have also contributed
to the change of the risk calculations but only to a smaller degree.
It is important to note that the general increase in the risk calculations is the result
of a series of individual improvements and that the increases can not be attributed to a
single update of the data or methods used for evaluating ecosystem damage.
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Differences between Gothenburg/NEC estimates and
new (2004) estimates

The long-term risk of damage to ecosystems by air pollutants is considered through
the exceedance of critical loads and levels. Critical loads have been defined and applied for acidification and eutrophication; critical levels (pollutant gas concentrations)
have been applied especially for ozone. The basic idea of the critical load is to balance the deposition rate to an ecosystem with its long-term capacity to buffer the input or to remove it without harmful effects inside or outside the system (Nilsson and
Grennfelt,1988; Hettelingh et al. 2001; UBA, 2004). Critical loads are compared to
depositions of air pollutants in order to calculate exceedances. The exceedances of
critical loads measure the long-term risk of ecosystem damage and are expressed as
area-weighted averages (AAE) for all ecosystems in a grid cell (Posch et al., 2001a;b).
Attainment of a percentage AAE reduction (‘gap closure’) has been used in integrated
assessment models as constraint for the optimization.
This concept to assess the risk for acidification and eutrophication has not changed
since the negotiations of the Gothenburg Protocol and the NEC Directive. However,
the methods used to derive the risks have been refined and improved.
In the following, we present the risk for acidification and eutrophication as calculated during the time of the negotiations of the Gothenburg Protocol and the NEC
Directive (1998) and the calculations based on 2004 updated information and methods.
The historical calculations presented here reproduce the dataset used for the development of the Gothenburg Protocol and the NEC Directive. The estimates are
based on emission data for 1990 and 2010 available in 1998 (UNECE, 2000; EMEP,
1998); critical loads used in 1998 (CCE, 1999) and deposition estimates from the
EMEP lagrangian model (EMEP, 1998). The deposition estimates are then provided
in 150x150km2 and consist only of grid average depositions. Calculations are based
on 12-year averaged meteorological conditions and derived from source-receptor calculations.
The 2004 calculations of exceedances are based on emissions for 1990, 2000, 2010
and 2020 available in 2004 (Vestreng et al, 2004); new critical load data (Hettelingh
et al., 2004) and deposition estimates from the Unified EMEP eulerian model (Simpson et al., 2003). The deposition estimates are now provided in 50x50km 2 resolution
and, instead of grid average depositions, land cover specific depositions have been
used. Calculations are made for the meteorological conditions of 1999, a year close to
averaged conditions during the period 1995-2002.
The results are presented in maps showing the distribution and extent of the average accumulated exceedances (AAE) and in tables quantifying the percentage of
ecosystem area exceeded. When analysing these results it should be kept in mind
that the ecosystem area exceeded does not correspond linearly with the amount of the
exceedances. While an increase in deposition always increases the amount of the exceedances (AAE), it does not necessarily influence the exceeded area in the same way,

CHAPTER 7. CHANGES IN ECOSYSTEM DAMAGE

141

especially when depositions increase in already exceeded ecosystem areas. Values
on the percentage of ecosystem area with exceedances are determined more by areas
where deposition rates are close to critical loads than by areas where exceedances are
large. In this sense, the information presented in the different maps and tables complement each other.

7.1.1 Acidification
Figure 7.1 shows the differences between the exceedances of acidity critical loads in
1990 and 2010 as calculated by the two cases. The new calculations (REF) provide a
considerably larger estimate of acidity exceedances both in 1990 and 2010. Over specific areas in central and western Europe, the new calculations provide AAE estimates
up to a factor of 5 larger than estimates elaborated during the Gothenburg Protocol and
NEC Directive negotiations (HIST).
Table 7.1: Percentage of ecosystem area for which acidity
critical loads are exceeded. Historical (HIST) estimates are
consistent with those elaborated at the time of the negotiations for the Gothenburg Protocol and NEC Directive. Updated 2004 estimates are indicated as REF.
Acidity
Unprotected ecosystem area (%)
Europe (EMEP area)
HIST- Gothenburg/NEC
REF – 2004 update
EU25 (European Union)
HIST- Gothenburg/NEC
REF – 2004 update
EEE (EMEP Eastern Europe)1
HIST- Gothenburg/NEC
REF – 2004 update

1990

2000

2010

2020

16.9
34.1

10.6

4.2
8.7

7.1

32.0
41.4

22.7

5.0
16.1

12.5

9.2
29.6

3.4

3.3
3.9

3.4

The new (2004) calculations of critical load exceedances of acidity imply also a
significant general increase in the area of unprotected ecosystems. According to the
new reference estimate 8.7% of the European ecosystem area will still be at risk for
acidification in 2010. The European Union (EU25) is the area with largest percent of
unprotected ecosystems, thus implying that acidification risks remain a problem for
EU25 both in 2010 and 2020.
The new estimates represent an increase by a factor of 2-3 with respect to historical
estimates. The increase of the estimates of ecosystem risk to acidity is larger for the
European Union than for other areas in Europe. In EU25, the acidity risks for 2010
1

EMEP Eastern Europe includes: Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina,
Bulgaria, Croatia, Georgia, Kazakhstan, Republic of Moldova, Romania, Russian Federation, Serbia
and Montenegro, FYR of Macedonia, Turkey and Ukraine.
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Figure 7.1: Exceedances of critical loads of acidity calculated for 1990 and 2010.
Historical (HIST) estimates are consistent with those elaborated at the time of the
negotiations for the Gothenburg Protocol and NEC Directive. Updated estimates using
improved methods and data available in 2004 are indicated as REF.
are estimated to affect 16% of the EU25 ecosystem areas, the same percentage of
unprotected ecosystem areas as previously estimated for the whole of Europe for 1990.

7.1.2 Eutrophication
The risk for eutrophication over Europe in 2010 and 2020 is considerably larger than
for acidification. Differences between the historical (1998) estimates and the 2004
updated estimates are presented in Figure 7.2, both for 1990 and 2010. The new (REF)
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estimates of exceedances are higher than the historical (HIST) estimates. Again, the
largest exceedances are located in western Europe and, as summarised in Table 7.2, it
is in the European Union where the highest percentage of ecosystem area is exceeded.
For EU25, the exceeded ecosystem area at risk for eutrophication is estimated to be
73.1% in 2010 and 67.7% in 2020. The larger risk in EU25 is directly related to the
distribution of the European maximum emissions of ammonia and nitrogen oxides and
the occurrence of more sensitive forest, water and semi-natural ecosystems.

Figure 7.2: Exceedances of critical loads of nutrient nitrogen calculated for 1990 and
2010. Historical (HIST) estimates are consistent with those elaborated at the time of
the negotiations for the Gothenburg Protocol and NEC Directive. Updated estimates
using improved methods and data available in 2004 are indicated as REF
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Table 7.2: Percentage of ecosystem area for which nutrient
nitrogen critical loads are exceeded. Historical (HIST) estimates are consistent with those elaborated at the time of
the negotiations for the Gothenburg Protocol and NEC Directive. Updated 2004 estimates are indicated as REF.
Nutrient Nitrogen
Unprotected ecosystem area (%)
Europe (EMEP area)
HIST- Gothenburg/NEC
REF – 2004 update
EU25 (European Union )
HIST- Gothenburg/NEC
REF – 2004 update
EEE (EMEP Eastern Europe)2
HIST- Gothenburg/NEC
REF – 2004 update

1990

2000

2010

2020

34.6
44.1

32.6

25.1
33.4

31.6

66.8
88.2

76.9

52.9
73.1

67.7

22.0
30.4

18.8

14.7
21.6

21.0

The two sets of exceedance calculations presented above differ because of changes
in:
a) emission data estimates
b) available critical load data
c) use of chemical transport model for deposition estimates
d) use of land-cover specific instead of grid-average depositions
Each of these changes represents an improvement in the information and methods with respect to the information available at the time of the negotiations of the
Gothenburg Protocol and the NEC Directive. We have investigated how each of these
improvements contributes to the overall changes in critical load exceedances, through
a series of sensitivity tests. The results are summarized in Figure 7.3 and Figure 7.4
for acidification and eutrophication exceedances and in Tables 7.3 and 7.4 for the percentage of ecosystem area exceeded.

7.2

Differences due to emission estimates

The emission estimates for 1990 have generally changed since the time of the negotiations of the Gothenburg Protocol and the NEC Directive due to: a) recalculations by
the Parties, c) the extension of the calculation domain to the East and c) the inclusion
2

EMEP Eastern Europe includes Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina,
Bulgaria, Croatia, Georgia. Kazakhstan, Republic of Moldova, Romania, Russian Federation, Serbia
and Montenegro, FYR of Macedonia, Turkey and Ukraine.
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Figure 7.3: Influence of different updates and method improvements in the calculated
AAE exceedances of acidity.
b) Effect of updated emissions and critical
a) Gothenburg/NEC estimate
loads

c) Effect of grid resolution

e) New 2004 estimate: Eulerian land-cover
specific deposition

d) Effect of use of CTM model: Eulerian
grid average deposition
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Figure 7.4: Influence of different updates and method improvements in the calculated
AAE exceedances for nutrient nitrogen.
b) Effect of updated emissions and critical
a) Gothenburg/NEC estimate
loads

c) Effect of grid resolution

e) New 2004 estimate: Eulerian land-cover
specific deposition

d) Effect of use of CTM model: Eulerian
grid average deposition
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of updated emissions from international shipping. The change of the 1990 emission
estimates is generally small, up 15%, but it can be larger and of different sign for single components and single areas, as illustrated in Figure 7.5. Scenario calculations
for 2010 have also changed since the last negotiations, the latest scenarios are those
calculated for the CAFÉ programme by CIAM as presented in Amann et al. (2004).
The scenario changes over Europe are small, again below 10%, but as for the 1990
estimates, there are substantial differences for single components and single areas. In
particular, scenario estimates for sulphur dioxide emissions are considerably lower at
present than they were at the time of the Gothenburg Protocol and the NEC Directive.

Figure 7.5: Percentage changes in the estimations of emissions for 1990 and 2010
since the time of the negotiations of the Gothenburg Protocol and the NEC Directive,
for different European country groups. Positive values indicate that the emission values
have increased in the present 2004 estimates.
In order to analyze the influence of emission changes in the calculation of exceedances, we have set up a new model run. We have used the EMEP lagrangian
model and we have recalculated depositions using updated 2004 estimates of national
emissions for 1990 and 2010. To calculate exceedances the grid averaged depositions
have been compared with critical load data from 1998. The model run is labeled LAGAVG-EM04-CL98 to distinguish it from the historical model run (HIST) that uses
1998 critical load (CL98) and emission data (EM98).
The comparison of percentage values presented in rows e) and f) on Tables 7.3 and
7.4, helps to identify the effect of emission changes in the calculation of percentage
ecosystem area exceeded. The sign and extent of the changes is not always intuitive.
The percentage area with exceedances are determined by the location of ecosystem
areas, the transport and deposition conditions, the atmospheric chemical regime and
the balance between the emissions of sulphur and nitrogen compounds. There are no
obvious systematic increases or decreases in the emissions estimates for the relevant
components and consequently, it is difficult to find systematic changes in the derived
calculation of exceedances. In general, however, the new emission data leads to small
changes (about 10%) in the exceeded ecosystem area over Europe.
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Table 7.3: Overview of contributions of different components (emissions, critical loads, model type, use of landcover specific deposition) to the percentage of ecosystem
area for which acidity critical loads are exceeded.

Acidity
REF a)- UNI-ECO-EM04-CL04
b)- UNI-ECO-EM04-CL98
c)- UNI-AVG-EM04-CL04
d)- LAG-AVG-EM04-CL04
e)- LAG-AVG-EM04-CL98
HIST f)LAG-AVG-EM98-CL98

Europe
34.1
34.6
29.0
18.5
18.1
16.9

1990
2010
EU25 EEE Europe EU25 EEE
41.4 29.6
8.7
16.1
3.9
50.6 27.2
7.5
16.8
2.8
36.7 23.9
5.5
9.4
1.7
29.1 11.6
4.4
6.7
1.8
33.4 10.2
2.4
3.5
1.4
32.0
9.2
2.2
5.0
3.3

Table 7.4: Overview of contributions of different components (emissions, critical loads, model type, use of landcover specific deposition) to the percentage of ecosystem
area for which nutrient nitrogen critical loads are exceeded.
Nutrient N
REF a)- UNI-ECO-EM04-CL04
b)- UNI-ECO-EM04-CL98
c)- UNI-AVG-EM04-CL04
d)- LAG-AVG-EM04-CL04
e)- LAG-AVG-EM04-CL98
HIST f)LAG-AVG-EM98-CL98

7.3

1990
2010
Europe EU25 EEE Europe EU25 EEE
44.1
88.2 30.4
33.4
73.1 21.6
44.7
85.0 29.2
34.8
73.5 20.3
38.7
79.4 25.5
27.1
59.9 17.0
34.2
66.9 24.0
20.5
45.6 12.9
34.5
67.3 21.6
22.4
50.3 11.6
34.6
66.8 22.0
25.1
52.9 14.7

Differences due to critical load estimates

The methods used to derive critical loads have not been changed fundamentally since
1998. However, they have been refined in the recent update of the ICP Modelling
and Mapping Manual (UBA, 2004; see www.icpmapping.org). The European
critical load dataset has been updated and refined several times, most recently in spring
2004 (Hettelingh et al., 2004). The European database contains about 1.4 million data
points, covering an area of 5.5 million km2 .
The differences between the most recent (2004) and the 1998 datasets are summarized in the 2003 and 2004 CCE Reports (Posch et al. 2003; Hettelingh et al. 2004).
Data have changed due to improved national input data and multilateral harmonization
efforts of National Focal Centres. Even though there are significant changes in several countries for several parameters, there are no obvious systematic increases (lower
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sensitivities) or decreases (higher sensitivities) on a European scale.
One has to be cautious when interpreting exceedance changes, since they depend
on the shape of both deposition and critical load distributions and their relation. For
instance, even massive changes of critical loads have no effect if values stay above
deposition rates (no exceedance in any case), while even small changes are relevant if
critical loads and deposition rates are close to each other. This means that exceedances
will respond non-linearly to changes in critical loads.
This can be seen from Tables 7.3 and 7.4 by comparing rows a) and b) as well
as rows d) and e), respectively. Those rows compare the results from two different
sensitivity runs, in which only the critical loads data have been changed. Comparison
of rows a) and b) show the effect of critical load changes in the exceedance calculations
when using the Unified EMEP model, while comparison of rows d) and e) shows the
effect when using the EMEP lagrangian model. Independently of the model used, the
overall effect of changed critical loads data on a European scale is small (below 15%
both for acidification and eutrophication). When looking at exceedance results for
specific regions, the non-linearities of the responses become more apparent and it is
obvious that there are no systematic increases or decreases in the calculation of risks
due to updates in the critical load data.

7.4

Differences due to chemical transport model use

7.4.1 The effect of the spatial resolution of the calculations
The calculations of exceedances at the time of the Gothenburg Protocol and NEC Directive negotiations were based on the lagrangian deposition estimates in 150x150km 2
resolution. The change to EMEP Unified model calculations has implied a change in
the grid resolution that now is refined down to 50x50km 2 . Changes in the grid resolution of the deposition estimates results in non-systematic changes in the calculation
of exceedances. In some places, depositions will increase, in some other decrease,
but averages will be the same as in the coarse resolution estimates. The effect on exceedances will not be systematic, because exceedance results will depend also on the
critical loads of the actual ecosystems in the grid cells.
The effect of resolution in the AAE estimates is illustrated in Figures 7.3 and 7.4.
Maps under c) Effect of grid resolution are exactly the same results as maps under b)
Lagrangian model results with updated critical load and emission data, but expressed
in 50x50km2 instead of 150x150km2 . Differences in the AAE estimates are generally
small.

7.4.2 Eulerian vs. Lagrangian calculations
The introduction of the Unified EMEP model deposition calculations has systematic
effect in the calculations of exceedances. Overall, Unified model depositions are larger
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than depositions calculated with the lagrangian model. This is related to the Unified
model’s ability to describe vertical pollution transport in the free troposphere, whereas
the lagrangian model did not manage to trace the fate of pollution above the atmospheric boundary layer with the same accuracy. While the Unified EMEP model is
highly mass conservative, the lagrangian model could loose pollution mass in the exchange with the free troposphere. Consequently, depositions calculated with the Unified model are larger than those calculated with the lagrangian model. The calculations
with the eulerian Unified EMEP model show generally higher performance in comparison with observations (EMEP, 2003) than the lagrangian model, the Unified model has
been extensively reviewed within the CLTAP and its results considered to be adequate
for the evaluation of effects (UNECE, 2004).

Figure 7.6: Comparison of deposition estimates from the EMEP Lagrangian and Unified Eulerian models for sulphur oxides (upper left panel), nitrogen oxides (upper right
panel) and reduced nitrogen (lower panel).
Figure 7.6 shows that the correlations between the two models depositions are high,
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which is reassuring for the robustness of the calculations. The figure compares grid
average depositions calculated by both models, using the same emission data (EM04).
Gridcell depositions from the lagrangian model are now represented as 9 points in the
50x50 deposition in order to compare with the Unified model averaged depositions
and this explains the vertical structure in the scatterplots. For sulphur depositions, the
slope in Figure 7.6 is 1.17 with high 0.86 correlation. For oxidised nitrogen, the slope
is 1.29 with correlation of 0.94. The best correlation is for reduced nitrogen (slope:
0.96 and correlation: 0.98) as it could be expected given the resolution of the models
and the larger degree of confinement of ammonia and ammonium concentrations in
the atmospheric boundary layer.
Comparison of rows c) and d) in Tables 7.3 and 7.4 show the effect of the change
of model in the calculations of the percentage area exceeded. Again, the percentage
area with exceedances does not respond linearly to changes in the deposition values.
While nitrogen deposition is generally increased by 30% with the use of the Unified
EMEP model, the percent area with nutrient exceedances changes between 5- 30% in
the regions considered. For acidity, the risk calculations depend in the deposition of
nitrogen as well as on the deposition of sulphur. The sulphur deposition calculations
have generally increased by 20% with the Unified model. However, when combined
with the new nitrogen depositions, these can result in much larger changes in the calculated areas of exceedance. The non-linearity of the responses is evident from the
Table 7.3, where the percent area with acidity exceedances in some regions can increase by a factor of 2 for the 1990 calculations but be almost unchanged because of
the model used for the 2010 calculations.
The general increase in the deposition calculations when using the Unified EMEP
model is considered a significant improvement in the calculations of risks for ecosystem damage because of the higher performance of the Unified EMEP model in comparison with observations.

7.5

Differences due to land-cover specific deposition

The other significant improvement on the methodology for calculation of critical load
exceedances is the use of land-cover specific deposition instead of averaged deposition
values. The use of land cover specific depositions is an improvement in the estimation
of exceedances over an area because it allows a better validation of the deposition
estimates and it is more appropriate for comparison with ecosystem-specific critical
loads.
Critical loads are calculated for different ecosystem categories. Exceedances are
calculated as difference between deposition and critical loads to each individual ecosystem category. In a gridcell, exceedances are expressed as area-weighted averages
(AAE) for all ecosystems in that particular gridcell. Up to recently, the value that
was compared to each individual ecosystem critical load in the gridcell was a single
value, namely, the grid averaged deposition.

152

EMEP REPORT 1/2004

However, the grid averaged deposition calculated by chemical transport models is
generally an area-weighted calculation of deposition to different surface classes. This
is because dry deposition rates are strongly dependent on roughness length and main
surface characteristics. Both the lagrangian and the Unified EMEP models calculate
dry deposition rates as area-weighted averages of deposition to different surface classes
(land-cover specific deposition). In a gridcell with different surface types, land-cover
specific depositions are often systematically different from grid average depositions.
For example, deposition to forest areas is generally about 1.5 times larger than deposition over semi-natural areas.
At present, AAE calculations are made for three main categories: forests, waters
and semi-natural ecosystem classes. Deposition values from the Unified model are
provided for each of these classes and the final exceedance calculations correspond
to area-weighted averages for these three categories. The accuracy of the exceedance
calculation is improved because critical loads are now compared to the actual deposition to the specific ecosystem categories, increasing also the transparency of the calculations of area-weighted average accumulated exceedances (AAE). An additional
advantage of defining land-cover specific deposition rates is that these can presently
be validated directly against measurements, e.g. from the ICP Forests Level II monitoring programme. This was not possible with grid-average deposition rates and is an
essential reason why the land-cover specific deposition is now provided by the Unified
model.
Since the deposition rates to forests are considerably higher than grid averages,
and most critical loads are defined for forest ecosystems, the magnitude and - to a
lesser extent - the area of exceedance is always higher than when using grid average
depositions. By comparing rows a) and c) in Tables 7.3 and 7.4, we can quantify the
effect of the use of land-cover specific depositions in the calculations of the percentage
area exceeded. The relative effect of this model improvement varies from 15-30

7.6

Conclusions

The new (2004) calculations show a general increase of the risk for acidification and
eutrophication of about 30-50% with respect to estimates used during the time of the
negotiations of the Gothenburg Protocol and the NEC Directive (1998). This increase
of the computed risk of ecosystem damage can be attributed to a large extent to the refinement of deposition and concentration data calculated by the Unified EMEP model.
Updates in emission and critical load estimates have a lesser effect in the quantification
of risks.
The new deposition estimates with the Unified EMEP model generally result in
higher exceedance calculations and in larger areas exceeded than when using the
EMEP lagrangian model. This is a direct consequence of the Unified model’s ability to trace pollution transport in the free troposphere and it higher mass conservation
properties.
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The use of land cover specific deposition systematically gives higher deposition
to forest ecosystems reflecting the well-known fact that deposition over forest areas
is larger than over open land. Since forest ecosystems dominate the area for which
critical loads are calculated, land-cover specific deposition leads to higher exceedances
and exceeded areas.
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APPENDIX A

National Emission data.

This Appendix contains the national emission data of the main gaseous compounds
and particles.

A:1

A:2
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Table A:1: National total emission trends. Emissions of sulphur dioxide (1980, 1990,
2000-2000, 2010 & 2020) used for modelling at the MSC-W (Gg of SO2 per year). 1

1. All years except 2010 and 2020: Reported values with white background, expert estimates in grey.
Values in bold differ from reporting in 2003. Values in italic are reported values modified for modelling
purposes by MSC-W. Projections (Base Line Scenario) provide by IIASA (April 2004) in grey boxes.
Reported values or extrapolations in white.
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A:3

Table A:2: National total emission trends. Emissions of nitrogen dioxide (1980, 1990,
2000-2000, 2010 & 2020) used for modelling at the MSC-W (Gg of NO2 per year). 1

1. All years except 2010 and 2020: Reported values with white background, expert estimates in grey.
Values in bold differ from reporting in 2003. Values in italic are reported values modified for modelling
purposes by MSC-W. Projections (Base Line Scenario) provide by IIASA (April 2004) in grey boxes.
Reported values or extrapolations in white.

