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Summary

OSPAR is a regional convention for the Protection of the Marine Environment of the
North East Atlantic and has inter alia set up a Strategy to Combat Eutrophication. One
major part of the strategies” implementation process is the assessment of the role of
nutrient emissions, discharges, losses and inputs (like riverine, direct, atmospheric) into
the OSPAR maritime area. In the light of that information actions and measures to reduce
nutrient inputs should be formulated.

Within OSPAR there are ongoing preparations for a report on atmospheric emissions and
deposition of nitrogen in the OSPAR maritime area and agreed international reduction
measures. Such a report would facilitate the further assessment of how the effectiveness
of agreed international (reduction) measures can contribute to achieving the 2010
objective of OSPAR to reach and maintain a healthy marine environment in which
(anthropogenic) eutrophication does no longer occur.

In this context EMEP prepared the present report on “Atmospheric Nitrogen in the
OSPAR Convention Area for the period 1990 — 2001” financed by the German Federal
Environmental Agency. The report presents results of EMEP estimates of atmospheric
emissions of nitrogen as well as calculations of atmospheric nitrogen deposition of
nitrogen in the OSPAR Convention Waters for the period 1990 — 2001 including
information on:

e Annual emissions of nitrogen oxides and ammonia from OSPAR Contracting Parties
and selected large outside contributors to nitrogen deposition in the OSPAR maritime
area;

e Modelled annual deposition of nitrogen in the main OSPAR regions with an emphasis
on the Greater North Sea;

e Comparison of model results and measurements from coastal monitoring stations
within OSPAR;

e Source — receptor matrices (countries to regions) for the same area and

e Contributions of selected emission sectors to nitrogen deposition in the convention
area.

The EMEP Unified Eulerian model system has been used for all nitrogen computations
presented here. This system has undergone a major overhaul during the last few years,
where the previous EMEP models (Lagrangian as well as Eulerian) have been merged
and re-written in order to produce the EMEP Unified Eulerian model. It has been verified
against measurement data at EMEP stations for nine different years (1980, 1985, 1990,
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1995-2000) in EMEP Status Report 1/2003, Part 1l. A comparison of computed and
measured nitrogen deposition at the OSPAR coastal monitoring stations for 1990, 1995,
1996, 1997, 1998, 1999, and 2000 is described in the present report (2001 measurement
data from the OSPAR coastal monitoring stations have not been available yet).

According to emission guidelines, EMEP countries are reporting nitrogen oxides
emissions (NOy) as nitrogen dioxide (NO-). For most of the OSPAR Contracting Parties a
reduction of nitrogen oxides emissions has been reported for the period 1990 — 2001. Out
of 18 countries relevant for OSPAR, annual emissions were declining in 14 countries.
United Kingdom, Germany and France were the largest emitters of nitrogen oxides
among the OSPAR Parties. In these three countries, emissions were significantly lower in
2001 than in 1990 by 39 %, 42 % and 26 %, respectively. The three largest contributors
to nitrogen deposition in the OSPAR Convention Waters from outside OSPAR Parties
were Poland, Italy and the part of the Russian Federation included in the EMEP area.
Annual emissions in 2001 from these countries were reported to be lower than in 1990 by
37 %, 29% and 35 %, respectively. Thus, with some guardedness of the uncertainty
associated with the reporting of emissions, there seems to be evidence for nitrogen oxides
(NO,) emissions going down in the countries relevant for the OSPAR area ( Table 1 and
Figure 4).

International ship traffic on the OSPAR Convention Waters is the largest single source of
NO, emissions in the area of interest. Unfortunately, the latest official data on these
emissions are available for 1990. It is very important to update ship emissions for further
calculations of the deposition with the EMEP model. According to recent estimates
(EEB, 2004), nitrogen oxides emissions from the international ship traffic on the
European seas increased by more than 40% from the year 1990 to 2000.

Annual emissions of ammonia (NHs) were lower in 2001 than in 1990 for most of the
OSPAR Contracting Parties and all selected additional three countries outside OSPAR.
Out of 18 countries relevant for OSPAR, annual emissions in 15 countries were lower in
2001 than in 1990, sometimes significantly e.g. 45 %, 39 % and 36 % emission reduction
in the Russian Federation, Poland and in the Netherlands, respectively (Tables 2 and
Figure 5).

Annual 2001 emissions of nitrogen oxides (NO;) as a sum of emissions from all OSPAR
Parties and selected additional three countries outside OSPAR were 13 % higher than the
corresponding annual 2001 emissions of ammonia (NHs), in terms of nitrogen emitted
(Tables 1 and 2).

A typical uncertainty in total annual emissions from the OSPAR countries is
approximately 20 %.
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Annual nitrogen deposition in the entire area of the OSPAR Convention Waters (Figure
12) was calculated for the years 1990, 1995, 1996, 1997, 1998, 1999, 2000 and 2001.
Modelled deposition of oxidized and total (oxidized + reduced) nitrogen was going down
from 1990 to 1995, whereas modelled deposition of reduced nitrogen was slightly higher
in 1995 than in 1990. There is a clear maximum for all three types of nitrogen deposition
in the year 1996 and then decreasing until 1999. From 1999 to 2001, deposition of
oxidized and total nitrogen was going slightly up, but deposition of reduced nitrogen was
going slightly down.

For oxidized nitrogen, annual modelled deposition in the main OSPAR regions was lower
in 2001 than in 1990 in all main OSPAR regions, by 25 %, 15 %, 17 %, 12 % and 5 % for
Arctic Waters, Greater North Sea, Celtic Seas, Bay of Biscay and Wider Atlantic,
respectively. Thus, the declining pattern of nitrogen oxides emissions is followed by the
modelled deposition pattern for the same period. (Table 1)

For both oxidized and reduced nitrogen, a clear gradient of the modelled deposition
towards the open sea can be noticed with maxima of the deposition in the OSPAR Region
I1, Greater North Sea for the year 1990 as well as 2001 (Figures 6-9).

Modelled deposition of oxidized nitrogen (maximum 610 mg N m™ in 2001) was higher
than the modelled deposition of reduced nitrogen (maximum 530 mg N m in 2001). This
means that the nitrogen emitted from mobile sources (shipping included) contributed
more to the deposition than the nitrogen emitted mainly from sources related to
agriculture (Figures 7 and 10).

Annual modelled deposition of reduced nitrogen in 2001 was slightly higher than in 1990
in the main OSPAR Region Il, Greater North Sea (1 %) and in the main OSPAR Region
I11, Celtic Seas (6 %). In the three remaining main OSPAR regions it was lower by 30 %,
11 % and 15 %, for Arctic Waters (OSPAR Region 1), Bay of Biscay (OSPAR
Region 1V) and Wider Atlantic (OSPAR Region V), respectively (Table 4).

There is a large inter-annual variability in modelled nitrogen deposition, caused by the
different meteorological conditions in the different years.

Annual modelled deposition of oxidized nitrogen in all sub-regions of the Greater North
Sea except sub-regions 2 and 4 were lower in 2001 than in 1990 by 2 % to 30 %.
Deposition of oxidized nitrogen in sub-regions 6 and 13 remained on the same level in
2001 and in 1990 (Table 6 and Figure 22).

Annual modelled deposition of reduced nitrogen in 2001 was higher than in 1990 in 8 out
of 13 sub-regions of the Greater North Sea. For some of the sub-regions the deposition
increase is significant e.g. 30 % and 22 % for sub-regions 2 and 9, respectively. Lower
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deposition in 2001 than in 1990 can be especially noticed in sub-regions 9 and 12 with
22 % and 20 % reduction, respectively (Table 7 and Figure 23).

Compared to 1990, annual modelled deposition of total nitrogen in 2001 was higher in 5
out of 13 sub-regions and especially in the east-south border of the Greater North Sea
with maximum over 1,000 mg N m™ (Table 8 and Figure 18).

Measured and computed wet annual deposition of oxidized, reduced and total nitrogen
were compared for the years 1990, 1995, 1996, 1997, 1998, 1999, 2000 and 2001 for the
stations located in the main OSPAR regions and in the sub-regions of OSPAR Region 1l
(Greater North Sea). For the majority of the stations, the modelled and measured
concentrations agree well. In general, modelled wet deposition for stations situated in the
sub-regions of the Greater North Sea follow observations better than modelled wet
deposition for stations located in the main OSPAR regions. This may be caused by
uncertainties in the model boundary conditions as well as local influence on the
observations. It is reassuring that although the model underestimates wet deposition a
little bit, it reproduces very well the observed inter-annual variability (Figures 25-30).

Emission sources located in the United Kingdom are the main contributors to modelled
oxidized nitrogen deposition in the main OSPAR Regions | (Arctic Waters), Il (Greater
North Sea) and 111 (Celtic Seas) with 47, 103 and 20 kt N a™, respectively. For the main
OSPAR Regions 1V (Bay of Biscay) and V (Wider Atlantic), the international ship traffic
on the Atlantic Ocean is the main source, contributing 34 and 96 kt N a, respectively, to
reduced nitrogen deposition (Table 9 and Figure 32).

Emission sources located in France were the largest contributors to modelled reduced
nitrogen deposition in Regions Il (Greater North Sea), IV (Bay of Biscay) and V (Wider
Atlantic) with 60, 26 and 21 kt N a™, respectively. United Kingdom and Germany were
the largest contributors to reduced nitrogen deposition in the main OSPAR Region |
(Arctic Waters) with 12 kt N a™*, whereas, Ireland was the largest contributor to the main
OSPAR Region 111 (Celtic Seas) with 22 kt N a™ (Table 10 and Figure 33).

The most important contributor to modelled total nitrogen deposition in the main OSPAR
Regions | (Arctic Waters), 1l (Greater North Sea) and Il (Celtic Seas) was the United
Kingdom with 58, 158 and 40 kt N a™, respectively, whereas the main contributor to
deposition in Regions IV (Bay of Biscay) and V (Wider Atlantic) was the international
ship traffic on the Atlantic Ocean with 96 and 169 kt N a™, respectively (Table 11 and
Figure 34).

The largest contribution of initial and boundary conditions to modelled oxidized nitrogen
deposition could be noticed for the main OSPAR Regions V (Wider Atlantic) and |
(Arctic Waters) with 34 % and 9 %, respectively. The largest contribution (17 %) of
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initial and boundary conditions to modelled reduced nitrogen deposition occured in the
main OSPAR Region | (Arctic Waters).

Both for the main OSPAR Region Il (Greater North Sea) and its sub-regions, two sectors
were the major contributors to modelled oxidized nitrogen deposition: sector 7 (road
transport) and sector 8 (other mobile sources and machinery). Sector 8 includes also
international ship traffic on all European Seas, including OSPAR Convention Waters
(Tables 12, 21 and Figures 38, 44).

Concerning modelled reduced nitrogen deposition in all regions and sub-regions of the
OSPAR Convention Waters, sector 10 (agriculture) was the largest contributor to the
deposition (Tables 13, 25 and Figures 36, 48).

Concerning computed concentrations and deposition of nitrogen, a typical value of
uncertainty is 30 %, but in some cases differences between measured and computed
values can be much larger.
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1. Introduction

OSPAR as a regional convention for the Protection of the Marine Environment of the
North East Atlantic has inter alia set up a Strategy to Combat Eutrophication. A major
part of the implementation process is to analyse the role of nutrient emissions, discharges,
losses and inputs (like riverine, direct, atmospheric) into the OSPAR maritime area.
Besides riverine and direct inputs, atmospheric nitrogen input seems to play a major role
for certain regions of OSPAR Convention Waters. In the light of that information actions
and measures to reduce nutrient inputs should be formulated.

Within the implementation process of the OSPAR Strategy to Combat Eutrophication an
outline for a report on atmospheric emissions and deposition of nitrogen in the OSPAR
maritime area and agreed international reduction measures has been prepared. This
information would form a building block to further assess how the effectiveness of agreed
international measures can contribute to achieving the 2010 objective of OSPAR to reach
and maintain a healthy marine environment in which (anthropogenic) eutrophication does
no longer occur. It could also provide a basis to decide whether there is a need for any
additional action or measures to reach this goal.

In this context EMEP prepared the present report on “Atmospheric Nitrogen in the
OSPAR Convention Area in the period 1990 — 2001” financed by the German Federal
Environmental Agency. The report presents results of EMEP estimates of atmospheric
emissions of nitrogen as well as calculations of atmospheric nitrogen deposition of
nitrogen in OSPAR Convention Waters for the period 1990 — 2001. It is based on model
estimates and monitoring results presented to the twenty-seventh session of the Steering
Body of EMEP (Co-operative Programme for Monitoring and Evaluation of Long-Range
Transmission of Air Pollutants in Europe). The present report is a follow up of the first
report published in 2003 (Bartnicki and Fagerli, 2003). Compared to the content of last
year's report, the present version includes emissions and computed nitrogen deposition in
five main OSPAR regions and 13 sub-regions of the OSPAR Region Il Greater North
Sea, for one additional year 2001. In addition, the results of the source-receptor
computations are also included in this report, with the contributions of nitrogen emissions
in 15 OSPAR Contracting Parties and three additional selected countries to nitrogen
deposition in five main OSPAR regions and 13 sub-regions of OSPAR Region II.
Contribution of 10 emission sectors to nitrogen deposition in the OSPAR main regions
and sub-regions of OSPAR Region Il — Greater North Sea are also presented and
analysed in the report.

The role of atmospheric deposition of nitrogen in the total fluxes to the North Sea and
North East Atlantic, as well as discussion of related chemical and biological processes
has been a subject of many scientific publications (e.g. Rendell et al., 1993; Peierls and
Paerl, 1977; Shultz et al., 1999 and Klein, L. M., 2002). However, most of the studies
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related to atmospheric supply of nitrogen to the OSPAR Convention Waters were based
on measurements and limited to rather small coastal (or mainly coastal) regions, not
covering the entire area of interest. In the present report we have used model calculations
for the estimation of annual nitrogen deposition in all five main regions of the OSPAR
Convention Area. In addition, we have also calculated annual deposition in 13 sub-
regions of the main OSPAR Region Il — Greater North Sea. The model calculations cover
eight years, 1990, 1995, 1996, 1997, 1998, 1999, 2000 and 2001. All specific results
(maps, tables, ascii files with data) of this study are available on internet on the EMEP
web site www.emep.int/index_facts.html.

The EMEP Unified Eulerian model system has been used for all nitrogen computations
presented here. This system has undergone a major overhaul during the last two years,
where the previous EMEP models (Lagrangian as well as Eulerian) have been merged
and re-written in order to produce the Unified EMEP Eulerian model. The model has
been documented in detail in the EMEP Status Report 1/2003, Part | (Simpson et. al.,
2003),. It has been verified against measurement data at EMEP stations for nine different
years (1980, 1985, 1990, 1995, 1996, 1997, 1998, 1999 and 2000) in the EMEP Status
Report 1/2003, Part Il (Fagerli et al., 2003). A short description of the main EMEP model
features is given in the next chapter.

Similar computations as for the OSPAR Convention Waters have already been performed
for the Baltic Sea in the frame of cooperation between the Helsinki Commission
(HELCOM) and EMEP (Bartnicki et al., 2002, 3003). As agreed with UBA, the results of
the computations for the OSPAR Convention Waters are presented here in a similar way
as it has been done for HELCOM to possibly facilitate comparative considerations in
future (e.g. under the EU Marine Strategy or the implementation of the EC Water
Framework Directive).

The following topics are included and discussed in the present report:

e Annual emissions of nitrogen oxides (NO,) and ammonia (NHs) from the OSPAR
Contracting Parties and three largest outside contributors to nitrogen deposition in
the OSPAR Convention Waters in the period 1990 — 2001.

e Modelled annual deposition of nitrogen oxides (NO,) and ammonia (NHg) in the
five main OSPAR regions and 13 sub-regions of the Greater North Sea for the
years 1990, 1995, 1996, 1997, 1998, 1999, 2000 and 2001.

e Comparison of model results and measurements currently available from the
OSPAR coastal monitoring stations, for wet deposition of nitrogen in the years
1990, 1995, 1996, 1997, 1998, 1999 and 2000.

e Source-receptor matrices (countries to regions) for the main OSPAR regions and
all sub-regions of OSPAR Region Il — Greater North Sea for the year 2000.
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Contributions of individual emission sectors to nitrogen deposition in the main
OSPAR regions and all sub-regions of OSPAR Region Il — Greater North Sea for
the year 2000.

Comments on uncertainties of computed results.
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2. Short description of the Unified EMEP model

The Unified EMEP model is an Eulerian model that has been developed at EMEP/MSC-
W (Meteorological Synthesizing Centre — West of EMEP) for simulating atmospheric
transport and deposition of acidifying and euthrophying compounds as well as photo-
oxidants in Europe. The latest model version has been documented in EMEP Status
Report I, Part I (Simpson et. al., 2003), and here we only give a short description of the
basic features of the model. Model details and its applications can be also found on the
EMEP web site www.emep.int.

The model domain covers Europe and the Atlantic Ocean (Figure 1). The model grid (of
the size 170 x133) has a horizontal resolution of 50 km at 60° N, which is consistent with
the resolution of emission data reported to CLRTAP (Vestreng, 2003). In the vertical, the
model has 20 sigma layers reaching up to 100 hPa. Approximately 10 of these layers are
placed below 2 km to obtain high resolution of the boundary layer which is of special
importance to the long range transport of air pollution.

The Unified Model uses 3-hourly resolution meteorological data from the PARLAM-PS
model, a dedicated version of the HIRLAM (High Resolution Limited Area Model)
Numerical Weather Prediction model.

The emissions consist of gridded national annual emissions of sulphur dioxide, nitrogen
oxides, ammonia, non-methane volatile organic compounds (VOC) and carbon
monoxide. They are available in each of the 50 x 50 km? model grid. These emissions are
distributed temporally according to monthly and daily factors derived from data provided
by the University of Stuttgart (IER).

Concentrations of 71 species are computed in the latest version of the Unified EMEP
model (56 are advected, 15 are short-lived and not advected). The sulphur and nitrogen
chemistry is coupled to the photo-chemistry, which allows a more sophisticated
description of e.g. the oxidation of sulphur dioxide to sulphate.

Dry deposition is calculated using the resistance analogy and is a function of the pollutant
type, meteorological conditions and surface properties. Parameterization of wet
deposition processes includes both in-cloud and sub-cloud scavenging of gases and
particles using scavenging coefficients.
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3. Definitions of the OSPAR regions and sub-regions in the
EMEP grid system

Annual deposition of nitrogen has been calculated for the five main regions of the
OSPAR Convention Waters and for 13 sub-regions of the selected main OSPAR Region
Il - Greater North Sea.

OSPAR Convention Waters are divided into five main regions (see also Figure 2):

Region I:  Arctic Waters
Region II: Greater North Sea
Region 111 Celtic Seas
Region IV: Bay of Biscay
Region V: Wider Atlantic

Definitions of the OSPAR border lines for the five main regions are available in the
OSPAR web site as descriptive geographical co-ordinates. Definitions of 13 sub-regions
of OSPAR Region Il — Greater North Sea, were provided to EMEP by UBA, also in the
form of geographical co-ordinates in accordance with the sub-regions used by OSPAR
within the OSPAR Quality Status Reports.

The sub-regions of the main OSPAR Region Il - Greater North Sea are related to the
ICES Boxes in the following way (see also Figure 3):

Sub-region 1: ICES Box 1
Sub-region 2: ICES Box 2a
Sub-region 3: ICES Box 2b
Sub-region 4: ICES Box 3a
Sub-region 5: ICES Box 3b
Sub-region 6: ICES Box 4
Sub-region 7: ICES Box 5a
Sub-region 8: ICES Box 5b
Sub-region 9: ICES Box 6
Sub-region 10: ICES Box 7a
Sub-region 11: ICES Box 7b
Sub-region 12: ICES Box 8
Sub-region 13: ICES Box 9

In order to calculate nitrogen deposition in the OSPAR regions, the borders of the main
OSPAR regions and sub-regions had to be converted into the EMEP grid system, which
is shown in Figure 1. In the first stage of this conversion, descriptive geographical
coordinates were transformed into the sets of discrete geographical coordinates
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describing each main region or sub-region. A major problem in this stage was the lack of
a data set with geographical coordinates defining the western border of Region Il -
Wider Atlantic (see Figure 2). These coordinates were finally read manually from the
map.

In a second, more difficult and time consuming stage, borders of the regions in the EMEP
grid system were used to calculate what percentage of the considered OSPAR region or
sub-region was included in each EMEP grid square. In this way, a separate percentage
file was created for each region and sub-region.

A map with the borders of the main OSPAR regions in the EMEP grid system is shown
in Figure 2, and a map with the borders of the sub-regions (ICES Boxes) of OSPAR
Region 11 - Greater North Sea, is shown in Figure 3.

The border of the main OSPAR Region V, Wider Atlantic, goes slightly outside the
EMEP model grid system resulting in the underestimation of computed nitrogen
deposition in this region. The underestimation is small, approximately less than 0.1 %,
because of the small number of missing grids and small values of deposition in the
missing grids, which are located far away from the significant sources of nitrogen
emission.

An additional reason for the underestimation of nitrogen deposition in the Wider Atlantic
Region is the formulation of boundary conditions in the EMEP model. According to this
formulation, the values of the deposition in the lowest row in the EMEP grid system are
always equal to zero. Also in this case underestimation is practically insignificant, below
0.1 % of the total deposition value in this region.

These two problems could be solved by the extension of the EMEP model domain to the
south. Such a solution is not possible at present, but the extension of the model domain is
included in the future plans of EMEP.

14 EMEP/MSC-W TECHNICAL REPORT 4/2004
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4. Atmospheric emissions of nitrogen

In the deposition calculations, official figures on national emissions reported to EMEP
were used (Vestreng, 2003). Emission inventories from the EMEP Parties, which include
OSPAR Contracting Parties and the three selected countries (Italy, Russian Federation
and Poland) with the largest deposition of nitrogen in the OSPAR Convention Waters, are
presented in this report for the period 1990 — 2001. There are two kinds of nitrogen
emissions used as input files to the EMEP model calculations: nitrogen oxides emissions
as NO, and ammonia emissions as NHs, both in nitrogen units.

According to the results of source-receptor calculations performed with the EMEP
Unified Model for the year 2000, the three largest contributors to nitrogen deposition in
the OSPAR Convention Waters from outside OSPAR Parties were Poland, Italy and
Russian Federation.

An additional and very important source of atmospheric NOy emissions to the OSPAR
Convention Waters is the international ship traffic. Official data for 1990 give 1,266 kt
NOx (as NOy) annual emissions from the international ship traffic on the North-East
Atlantic and 648 kt NOy (as NO,) from the international ship traffic on the North Sea.
This is the largest source of NOy emissions in the OSPAR area of interest. Official
information about this source is rather old and exists only for 1990. It is important to
update the ship traffic emission data for more recent years as soon as possible. According
to recent estimates (EEB, 2004), nitrogen oxides emissions from the international ship
traffic on the European seas increased by more than 40% from the year 1990 to 2000.
Unfortunately, these recent estimates are not available to EMEP yet.

A map with time series of nitrogen oxides (NOx) emissions from the OSPAR Contracting
Parties, and additionally Italy, Russian Federation and Poland, is shown in Figure 4 for
the period 1990 - 2001. A similar map for ammonia (NH3) emissions is shown in Figure
5. The same data are available as numbers in Tables 1 and 2, for nitrogen oxides (NO,)
and ammonia (NHs;) emissions, respectively. All emissions data, both for nitrogen oxides
and ammonia are presented in nitrogen units in Tables 1 and, and in Figures 4 and 5.

For most of the OSPAR Contracting Parties a reduction of nitrogen oxides emissions
(NO,) has been reported for the period 1990 — 2001 (Figure 4 and Table 1). Out of 18
countries relevant for OSPAR, only in four countries (Portugal, Spain, Iceland and
Ireland) annual emissions of nitrogen oxides were reported to be higher in 2001 than in
1990 by 35 %, 8 %, 8 % and 6 % respectively. Moreover, in two of these countries
(Iceland and Ireland) emissions in both years were low (9 and 38 kt N a™, respectively)
compared to the rest of the countries. United Kingdom, Germany and France were the
largest emitters of nitrogen oxides among the OSPAR Contracting Parties. In these three
countries, emissions were significantly lower in 2001 than in 1990 by 39 %, 42 % and
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26 %, respectively. The three largest contributors to nitrogen deposition in the OSPAR
Convention Waters from outside OSPAR Parties were Poland, Italy and the part of the
Russian Federation included in the EMEP area. In these three countries, emissions in
2001 were reported to be lower than in 1990 by 37 %, 35 % and 29 %, respectively.

Annual emissions of nitrogen oxides, as a sum of emissions from all OSPAR Parties and
selected additional three countries outside OSPAR were 29 % lower in 2001 than the
annual emissions in the year 1990. Taking into account the uncertainties regarding the
reporting of emission data, there seems to be evidence for nitrogen oxides emissions
going down in the OSPAR area.

Ammonia (NHs) emissions for the period 1990 - 2001 are shown in Figure 5 and Table 2.
Also annual emissions of ammonia (NH3) were lower in 2001 than in 1990 for most of
the OSPAR Parties and all selected three countries outside OSPAR. Out of 18 countries
relevant for OSPAR, annual emissions in 15 countries were lower in 2001 than in 1990.
In the Russian Federation, Poland and in the Netherlands, this emission reduction was
sometimes significant (45 %, 39 % and 36 %).

In the Russian Federation, Poland and Germany ammonia (NH3) emissions decreased in
the beginning of the period investigated (approximately until 1994). From 1994 to 2001
emissions remained on the same level in almost all countries except Spain, where
emissions were slightly rising from 1994 to 2001.

The rate of ammonia (NH3) emission reduction was slightly lower than the rate of
nitrogen oxides (NO;) emission reduction in the period 1990 — 2001. Annual emissions of
ammonia, as a sum of emissions from all OSPAR Parties and the three selected countries
outside OSPAR were 20 % lower in 2001 than the annual emissions in the year 1990.

Annual emissions of nitrogen oxides (NO,), as a sum of emissions from all OSPAR
Parties and the three selected countries outside OSPAR were 13 % higher than the
corresponding annual emissions of ammonia (NHj3) in the year 2001, in terms of nitrogen
emitted.

16 EMEP/MSC-W TECHNICAL REPORT 4/2004



Atmospheric Nitrogen in the OSPAR Convention Area

5. Atmospheric nitrogen deposition in the OSPAR Convention
Waters

Atmospheric deposition of oxidized nitrogen and reduced nitrogen were calculated for
eight years; 1990, 1995, 1996, 1997, 1998, 1999, 2000 and 2001. Oxidized nitrogen
deposition calculated in nitrogen units consists of the sum of peroxyacetyl nitrate (PAN),
NO,, HNO;s; and aerosol nitrate (ammonium nitrate + coarse nitrate) deposition.
Deposition of reduced nitrogen includes deposition of NH3 and aerosol ammonium
(ammonium sulphate + ammonium nitrate).

Maps of modelled annual deposition of oxidized nitrogen in the five main OSPAR
regions in 1990 and 2001 are shown in Figures 6 and 7, respectively. Maps of annual
deposition of reduced nitrogen in 1990 and 2001 are shown in Figures 8 and 9,
respectively. Numerical values of the deposition in five main OSPAR regions for all nine
years are included in Tables 3 and 4 for oxidized and reduced nitrogen, respectively.

For oxidized nitrogen, annual deposition in the main OSPAR regions was lower in 2001
than in 1990 in all main OSPAR regions, by 25 %, 15 %, 17 %, 12 % and 5 % for Arctic
Waters, Greater North Sea, Bay of Biscay and Wider Atlantic, respectively. Thus, the
declining pattern of nitrogen oxides (NO,) emissions is followed by the deposition
pattern for the same period.

In case of reduced nitrogen, annual deposition in 2001 was slightly higher than in 1990 in
the main OSPAR Region 11, Greater North Sea (0.7 %) and in the main OSPAR Region
I11, Celtic Seas (6 %). In the three remaining main OSPAR regions it was lower by 30 %,
11 % and 15 %, for Arctic Waters, Bay of Biscay and Wider Atlantic, respectively. The
figures clearly show that there was a large inter-annual variability of deposition, probably
caused by different meteorological conditions in different years. The year-to-year
variations were large and had the same magnitude as the change in deposition in the
period from 1990 to 2001. This illustrates that in order to detect trends caused by changes
in emissions, many years of observational data are necessary. Moreover, model
calculations can be a helpful tool to assess whether observed changes are related to
changes in the meteorological conditions or to emission changes. For instance in the
Wider Atlantic, deposition of nitrogen peaked in 1996/1997, whilst the relevant reported
emissions exhibit no such peak. Both observations and model results at the Portuguese
Atlantic coast point towards high wet deposition of nitrogen these years. Thus, the peaks
of nitrogen deposition in the Wider Atlantic in the mid-1990s were likely caused by
specific meteorological conditions.

For both oxidized and reduced nitrogen, a clear gradient of deposition towards the open
sea can be noticed with maxima of deposition in OSPAR Region Il, Greater North Sea.
The deposition of oxidized nitrogen (maximum 630 mg N m™ in 2001) was higher than

17 EMEP/MSC-W TECHNICAL REPORT 4/2004



Atmospheric Nitrogen in the OSPAR Convention Area

the deposition of reduced nitrogen (maximum 537 mg N m in 2001). This means that
the nitrogen emitted from mobile sources contributed more to the deposition than the
nitrogen emitted mainly from sources related to agriculture.

Total annual nitrogen deposition in the main OSPAR regions is shown in Figures 10 and
11, for the years 1990 and 2001, respectively. Numerical values of total (oxidized +
reduced) nitrogen deposition for all seven years are given in Table 5. Also in this case a
clear gradient of the deposition towards the open sea can be concluded especially from
figures 10 and 11 with a maximum of deposition in OSPAR Region Il, Greater North
Sea. Compared to 1990, annual deposition of total nitrogen in 2001 was higher only in
the main OSPAR Region Il — Greater North Sea.

Annual nitrogen deposition in the entire area of the OSPAR Convention Waters is shown
in Figure 12 for the years 1990, 1995, 1996, 1997, 1998, 1999, 2000 and 2001.
Deposition of oxidized and total (oxidized + reduced) nitrogen was going down from
1990 to 1995, whereas deposition of reduced nitrogen was slightly higher in 1995 than in
1990. There is a clear maximum for all three types of nitrogen deposition in the year 1996
and then decreasing until 1999. From 1999 to 2001, deposition of oxidized and total
nitrogen was going slightly up, but deposition of reduced nitrogen was going slightly
down.

Maps of modelled annual deposition of oxidized nitrogen in the sub-regions of OSPAR
Region Il (Greater North Sea) in 1990 and 2001 are shown in Figures 13 and 14,
respectively. Maps of modelled annual deposition of reduced nitrogen in 1990 and 2001
are shown in Figures 15 and 16, respectively. Numerical values of the modelled
deposition in 13 sub-regions of the Greater North Sea for all seven years are given in
Tables 6 and 7 for oxidized and reduced nitrogen, respectively.

For oxidized nitrogen, annual deposition in all sub-regions of the Greater North Sea
(Table 6) except sub-regions 2 and 4 was lower in 2001 than in 1990 by 2 % to 30 %.
Deposition of oxidized nitrogen in sub-regions 6 and 13 remained on the same level in
2001 as in 1990. Maxima (over 600 mg N m™) of the deposition could be observed close
to the Norwegian and Swedish coasts in sub-region 12 and a minimum (below 150 mg N
m?) in sub-region 2. The largest deposition reduction, 30 %, was calculated for sub-
region 7, from 10.5 kt N a™ in 1990 to 7.4 kt N a in 2001. The highest increase of the
deposition, 6 %, was calculated for sub-region 2, from 10.3 kt N a®in 1990 to 11 kt N a™
in 2001.

In 8 out of 13 sub-regions of the Greater North Sea annual deposition of reduced nitrogen
in 2001 was higher than in 1990 (Table 7). For some of the sub-regions deposition
increase was significant, e.g. 30 % and 22 % for sub-regions 2 and 9, respectively.
Maxima (over 1,000 mg N m) of the deposition could be observed close to the German,
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Belgian and French coasts and a minimum (below 150 mg N m) again in sub-region 2.
Lower deposition in 2001 than in 1990 could be observed especially in sub-regions 9 and
12 of the Greater North Sea with 22 % and 20 % reduction, respectively. The largest
deposition reduction, 22 %, was calculated for sub-region 9, from 20 kt N a™ in 1990 to
15.7 kt N a™ in 2001. The highest increase of the deposition, 30 %, was calculated for
sub-region 2, from 4.2 kt N a™ in 1990 to 5.5 kt N a* in 2001.

Total modelled annual nitrogen (oxidized + reduced nitrogen) deposition in the sub-
regions of the Greater North Sea is shown in Figures 17 and 18, for the years 1990 and
2001, respectively. Numerical values of modelled total (oxidized + reduced) nitrogen
deposition for all eight years are given in Table 8. Compared to 1990, annual deposition
of total nitrogen in 2001 was higher in 5 out of 13 sub-regions of the Greater North Sea
and especially in the east-south border of the Greater North Sea with a maximum over
1000 mg N m™. The largest deposition reduction, 27 %, was calculated for sub-region 9,
from 63 kt N a in 1990 to 46.3 kt N a™ in 2001. The highest increase of the deposition,
13 %, was calculated for sub-region 2, from 14.5 kt N a™* in 1990 to 16.4 kt N a™* in 2001.

Maps with time series of modelled oxidized, reduced and total nitrogen deposition in the
five main OSPAR regions are shown for the years 1990, 1995, 1996, 1997, 1998, 1999,
2000 and 2001 in Figures 19, 20 and 21, respectively. For all types of deposition and for
all components a maximum in the four main OSPAR regions (Arctic Waters, Celtic Seas,
Bay of Biscay, and Wider Atlantic) occurred in 1996. In the Greater North Sea region a
maximum of reduced and total deposition occurred in 2000.

Maps with time series of modelled oxidized, reduced and total nitrogen deposition in the
13 sub-regions of the main OSPAR Region I, Greater North Sea are shown for the years
1990, 1995, 1996, 1997, 1998, 1999, 2000 and 2001 in Figures 22, 23 and 24,
respectively. Deposition values of oxidized nitrogen in 2001 were lower than 1990
deposition in all sub-regions. Deposition of reduced nitrogen was higher in 2001 then in
1990 in many sub-regions and no clear trend is visible in the deposition pattern. The same
applies to the deposition of total nitrogen.
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6. Comparison of computed versus measured deposition at
OSPAR coastal monitoring stations

Within the framework of the OSPAR Working Group INPUT every year a report of the
Comprehensive Atmospheric Monitoring Programme (CAMP) - Pollutant deposits and
air quality at coastal stations - is prepared and published. For this purpose, all Contracting
Parties measure and submit data from their coastal monitoring stations of observed input
of atmospheric pollutants to the OSPAR seas, and of the concentrations of pollutants in
the ambient air of the OSPAR region. These data were used for the comparison of
modelled and computed annual atmospheric deposition. Maps with modelled versus
measured annual deposition of oxidized, reduced and total (oxidized and reduced)
nitrogen for the years 1990, 1995, 1996, 1997, 1998, 1999 and 2000 at the stations
located in the main OSPAR regions are shown in Figures 25, 26 and 27, respectively.
Similar maps with measured versus calculated deposition of oxidized, reduced and total
nitrogen, for the stations located in OSPAR Region Il (Greater North Sea), are shown in
Figures 28, 29 and 30, respectively.

The agreement between model results and observations depends not only on the “model
performance” and the adequacy of emissions employed, but also on the quality and
representativeness of the measurement sites. It is worth mentioning here that for some
stations, double sets of measurement data (e.g. obtained with different methods) have
been reported. In some cases, these data sets differ by as much as 20 - 30 %. This
indicates that there is a substantial uncertainty in the measurements. Thus, the following
discussion on model underestimation and overestimation simply implies that the
calculated values are lower or higher than the observations and does not refer to model
deficiency only.

For the majority of the stations considered, modelled and measured concentrations match
well. In general, modelled wet deposition for stations situated in the sub-regions are in
better agreement with observations than stations located in the main regions. For
instance, wet deposition of both oxidized and reduced nitrogen for the Portuguese station
PTOO010R, situated at the Azores, are substantially underestimated by the model. The
observed values are relatively high for a background station, presumably due to the
observations being influenced by local sources.

Both, this station and the Norwegian station at Spitzbergen, NOOO59R, are situated close
to the boundary of the model domain. Therefore, the model results are sensitive to the
choice of boundary conditions in the model. Consequently, the results for these stations
are expected to be worse than for other stations.

Observed wet deposition for sites situated in the sub-regions of the Greater North Sea
matches very well modelled wet deposition. It is especially encouraging that the model
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manages to reproduce the monitored year-to-year variations.

In general, wet deposition of ammonium and nitrate is somewhat underestimated. It is
well known that dry deposition of NH; to open bulk collectors can account for a
substantial part of the measured wet deposition. Thus, the apparent underprediction of
wet deposition may partly be caused by the bias in measured wet deposition.
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7. Source-receptor matrices for five main OSPAR regions and
13 sub-regions of OSPAR Region Il — Greater North Sea

Each year, all EMEP countries have the obligation to report their national emissions
according to the guidelines set out by the Steering Body of EMEP. Concerning nitrogen,
countries should report: national totals, sector emissions, gridded data in the EMEP 50 x
50 km system, emissions for large point sources and projection data. In this chapter we
present and discuss contributions of nitrogen emissions in 2000 from the OSPAR
Contracting Parties and other selected sources to the deposition in the five main regions
of the OSPAR Convention Waters and in the 13 sub-regions of Region Il Greater North
Sea. Other sources include three emitter countries from outside OSPAR community
(Poland, Italy and Russian Federation) with highest deposition in the OSPAR Convention
Waters. They also include emissions from international ship traffic on the North Sea and
the Atlantic Ocean, but unfortunately ship emissions are old and are only available for the
year 1990.

The complete list with the names and codes of the sources taken into account in the
source allocation budgets calculations is given below.

Code Source name

BE Belgium

DK Denmark

Fl Finland

FR France

DE Germany

IS Iceland

IE Ireland

NL Netherlands

NO Norway

PT Portugal

ES Spain

SE Sweden

GB United Kingdom

IT Italy

PL Poland

RU Russian Federation

NOS North Sea (international ship traffic, only 1990 data)
ATL Atlantic Ocean (international ship traffic, only1990 data)
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Contributions of emitter countries (13 OSPAR Contracting Parties plus three largest
outside contributors plus ship traffic on the North Sea and on the Atlantic Ocean) to
annual oxidized, reduced and total nitrogen deposition in the OSPAR Convention Waters
in the year 2000 are shown in Figure 31.

Nitrogen emissions from the United Kingdom, ship traffic on the Atlantic Ocean, ship
traffic on the North Sea, France, Germany and Spain were the main sources for
atmospheric deposition of oxidized nitrogen with 20 %, 16 %, 7 %, 7 %, 6 % and 6 %
contribution, respectively. Emissions from the international ship traffic on the North Sea
and Atlantic Ocean together were the the largest (23 %) contributors to oxidized nitrogen
deposition in the entire OSPAR area.

Annual nitrogen emissions from France, United Kingdom, Germany, Ireland and Spain
were the most important sources for reduced nitrogen deposition in the OSPAR
Convention Waters with 24 %, 20 %, 11 %, 8 % and 8 %, contribution respectively.

Main sources of nitrogen emissions responsible for total (oxidized and reduced) nitrogen
deposition in the entire OSPAR area were: United Kingdom, France, ship traffic on the
Atlantic Ocean, Germany and Spain with 20 %, 13 %, 11 %, 8 % and 7 %, respectively.
It is important to notice that emissions from ship traffic on the Atlantic Ocean and the
North Sea together were the second largest contributor to the total deposition of nitrogen
in the OSPAR Convention Waters.

Boundary and intial conditions applied for each EMEP model run can also be considered
as an additional emission source contributing to nitrogen deposition in all OSPAR
Convention Waters. This contribution is relatively high for oxidized and total nitrogen,
i.e. 13 % and 10 % respectively. Contribution of intial and boundary conditions to
reduced nitrogen deposition is lower (4 %).

Concerning the main OSPAR regions, the largest contribution of initial and boundary
conditions to oxidized nitrogen deposition could be noticed for OSPAR Regions V
(Wider Atlantic) and | (Arctic Waters) with 34 % and 9 %, respectively. Largest
contribution (17 %) of initial and boundary conditions to reduced nitrogen deposition
occured in OSPAR Region | (Arctic Waters).

Contributions of the selected emission sources of oxidized, reduced and total nitrogen to
the deposition in each of the five main OSPAR regions in 2000 are shown in Figures 32,
33 and 34, respectively. Corresponding numerical values are given in Tables 9, 10 and
11.

Emission sources in the United Kingdom were the main contributors to oxidized nitrogen
deposition in the main OSPAR Regions I, Il and 11l with 47, 103 and 20 kt N a*,
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respectively. For the main OSPAR Regions IV and V, international ship traffic on the
Atlantic Ocean was the main source, contributing 34 and 96 kt N a™, respectively, to
reduced nitrogen deposition.

Emission sources located in France were the largest contributors to reduced nitrogen
deposition in Regions II, IV and V with 60, 26 and 21 kt N a™, respectively. United
Kingdom and Germany were the largest contributors to reduced nitrogen deposition in
the main OSPAR Region | with 12 kt N a™* each, whereas, Ireland was the largest
contributor to the main OSPAR Region I11 with 22 kt N a™*.

The main contributor to total nitrogen deposition in the main OSPAR Regions | (Arctic
Waters), Il (Greater North Sea) and 111 (Celtic Seas) were emission sources located in the
United Kingdom with 58, 158 and 40 kt N a™, respectively, whereas, the main contributor
to deposition in Regions IV (Bay of Biscay) and V (Wider Atlantic) was the international
ship traffic on the Atlantic Ocean with 96 and 169 kt N a™, respectively.

Contributions of the selected emission sources of oxidized, reduced and total nitrogen to
the deposition in each of 13 sub-regions of OSPAR Region Il — Greater North Sea in
2000 are shown in Figures 35, 36 and 37, respectively. Corresponding numerical values
are given in Tables 12, 13 and 14.

For all types of nitrogen deposition, emission sources located in the United Kingdom,
Germany and France were the main emission sources contributing to the deposition in
most of the sub-regions of OSPAR Region Il. In case of oxidized nitrogen deposition,
international ship traffic on the North Sea was one of the major contributors as well. For
sub-regions 7 and 12 of the Greater North Sea, Denmark was a major contributor to
reduced nitrogen deposition, but countries like Belgium and Netherlands also
significantly contributed to the deposition in several sub-regions.

Three main contributors to oxidized, reduced and total nitrogen deposition in 13 sub-
regions of the OSPAR Region Il are shown in the Table below.
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Three main contributors to oxidized, reduced and total nitrogen deposition in each of 13
sub-regions of the main OSPAR Region Il — Greater North Sea.

Main contributors for Main contributors for Main contributors for
Sub- L : : .
region oxidized nitrogen reduced nitrogen total nitrogen
1 2 3 1 2 3 1 2 3
1 UK DE NOS UK DE FR UK DE FR
2 UK NOS DE UK FR DE UK DE NOS
3 UK NOS DE UK DE FR UK DE FR
4 UK NOS DE UK FR DE UK FR DE
5 UK NOS FR UK FR DE UK FR NOS
6 UK NOS FR FR BE NL UK FR BE
7 UK NOS DE DK DE FR UK DE FR
8 UK DE NOS DE NL FR DE NL UK
9 UK NOS DE UK DE FR UK DE FR
10 UK NOS DE UK DE FR UK DE FR
11 UK NOS DE UK FR DE UK FR DE
12 DE UK NOS DK DE FR DE DK UK
13 UK NOS FR UK FE ES FR UK NOS
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8. Contributions of individual emissions sectors to five main
OSPAR regions and 13 sub-regions of the main OSPAR
Region Il — Greater North Sea

National nitrogen emissions (NO, and NHs) are reported to EMEP in 11 SNAP sectors.
SNAP stands for Selected Nomenclature for Air Pollution and the SNAP sectors are
defined in the EMEP-CORINAIR Emission Inventory Guidebook. Definitions of these
sectors, used in the EMEP model computations are given in the table below.

Sector 1 Combustion in energy and transformation industry

Sector 2 Non-industrial combustion plants

Sector 3 Combustion in manufacturing industry

Sector 4 Production processes

Sector 5 Extraction and distribution of fossil fuels and geothermal energy
Sector 6 Solvent and other product use

Sector 7 Road transport

Sector 8 Other mobile sources and machinery (including ship traffic)
Sector 9 Waste treatment and disposal

Sector 10 Agriculture

Sector 11 Other sources and sinks

Distribution of nitrogen oxides emissions and ammonia among the sectors is not uniform.
The ranking of different sectors can be estimated based on the distribution from
averaging sector data reported by all EMEP Parties. For nitrogen oxides emissions the
most important sectors are: Sector 7 (42 %), Sector 1 (24 %), Sector 8 (14 %), Sector 3 (9
%), Sector 2 (6 %) and Sector 4 (3 %). Nitrogen oxides emissions from Sector 5, Sector
7, Sector 9 and Sector 11 are 1 %, 1 %, 0 % and 0 %, respectively. For ammonia the most
important sectors are: Sector 10 (84 %), Sector 9 (7 %), Sector 11 (4 %), Sector 4 (4 %)
and Sector 7 (1 %). There is no ammonia emission from the remaining sectors. Therefore,
for the analysis it is enough to take into account only 8 sectors for nitrogen oxides
emissions and 5 sectors for ammonia emissions.

Therefore, to analyse contribution of the selected emission sectors to nitrogen deposition
in the year 2000, we needed to run the unified EMEP model 12 times: eight runs with
nitrogen oxides emissions reduced by 25 % in each selected sector and four runs with the
ammonia emissions reduced by 25 % in each selected sector. In this way not a
contribution of each emission sector to the deposition was estimated, but rather sensitivity
of the deposition changes to emission changes in the selected sectors. An approximate
contribution from the actual sector can be calculated by multiplying sensitivity towards a
25% reduction by a factor of four. The reason why the value 25 % was chosen is given in
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the EMEP Status report (Tarrason et al., 2003). Changes in emissions result in non-linear
effects on deposition of sulphur and nitrogen and air concentrations of ozone, sulphate,
nitrate and ammonium. These non-linear responses of emission changes increase with the
magnitude of the perturbation. Model runs with 25 % emission reduction gave much
more linear results than the runs with full exclusion of emissions and in addition 25 % is
realistic in terms of what can be achieved in the time frame of few years.

A reduction of annual oxidized, reduced and total nitrogen deposition (in percent of
initial values) in the five main OSPAR regions, due to 25 % reduction of nitrogen oxides
emissions in each of the 10 SNAP sectors in the year 2000 is shown in Figures 38, 39 and
40, respectively. Corresponding numerical values are shown in Tables 15, 16 and 17.

The reduction of nitrogen oxides emissions in individual sectors mainly effected
deposition of oxidized and total nitrogen in all main OSPAR regions. The effects on
deposition of reduced nitrogen are negligible.

For Region | — Arctic Waters and Region Il — Greater North Sea the ranking of the
contributions from different sectors, measured in terms of oxidized nitrogen deposition
reduction is the same. It is listed below with the major contributor in the top:

Sector 7: Road transport

Sector 8: Other mobile sources and machinery

Sector 1: Combustion in energy and transformation industry
Sector 3: Combustion in manufacturing industry

Sector 2: Non-industrial combustion plants

Sector 4: Production processes

For Region 111 — Celtic Seas, Region IV — Bay of Biscay and Region V — Wider Atlantic
the ranking of contributing sectors, measured in terms of oxidized nitrogen deposition
reduction is similar but with Sector 8 at the top:

Sector 8: Other mobile sources and machinery

Sector 7: Road transport

Sector 1: Combustion in energy and transformation industry
Sector 3: Combustion in manufacturing industry

Sector 2: Non-industrial combustion plants

Sector 4: Production processes

Since the deposition of reduced nitrogen is practically not affected by the reductions of
oxidized nitrogen emissions in the sectors, the contribution ranking for total nitrogen
deposition is the same as for oxidized nitrogen deposition.
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A reduction of annual oxidized, reduced and total nitrogen deposition (in percent of
initial values) in the five main OSPAR regions, due to 25 % reduction of ammonia and
VOC emissions in each of the 10 SNAP sectors in the year 2000 is shown in Figures 41,
42 and 43, respectively. Corresponding numerical values are shown in Tables 18, 19 and
20.

In this case, the reduction of ammonia and VOC (Volatile Organic Compounds)
emissions in individual sectors mainly affects deposition figures of reduced and total
nitrogen in all main OSPAR regions. The effects on deposition of oxidized nitrogen are
negligible.

The effects of ammonia and VOC emission reductions in all sectors except sector 10
— agriculture - are very small and practically negligible for all kinds of nitrogen
deposition because ammonia emissions from sector 10 account for more than 70% of
total ammonia emissions. The largest reductions in the deposition of reduced (Figure 42)
and total (Figure 43) nitrogen due to emission reduction in sector 10 can be noticed in
Region 111 — Celtic Seas, only slightly lower reductions in Regions Il — Greater North Sea
and IV — Bay of Biscay and definitely smaller in Regions | — Arctic Waters and V —
Wider Atlantic.

A reduction of annual oxidized, reduced and total nitrogen deposition (in percent of
initial values) in 13 sub-regions of the main OSPAR Region 11, due to a 25 % reduction
of nitrogen oxides emissions in each of the 10 SNAP sectors in the year 2000 is shown in
Figures 44, 45 and 46, respectively. Corresponding numerical values are shown in Tables
21, 22 and 23.

As for the main OSPAR regions, the reduction of nitrogen oxides emissions in individual
sectors mainly affected deposition of oxidized and total nitrogen in all sub-regions of
OSPAR Region Il — Greater North Sea. The effects on deposition of reduced nitrogen
were negligible. Also ranking of the emission sector contributing to reduced and total
nitrogen deposition in all sub-basins of the Greater North Sea was similar as for the main
OSPAR regions:

Sector 7: Road transport

Sector 8: Other mobile sources and machinery

Sector 1: Combustion in energy and transformation industry
Sector 3: Combustion in manufacturing industry

Sector 2: Non-industrial combustion plants

Sector 4: Production processes
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A reduction of annual oxidized, reduced and total nitrogen deposition (in percent of
initial values) in 13 sub-regions of the main OSPAR Region 11, due to a 25 % reduction
of ammonia and VOC emissions in each of the 10 SNAP sectors in the year 2000 is
shown in Figures 47, 48 and 49, respectively. Corresponding numerical values are shown
in Tables 24, 25 and 26.

As for the main OSPAR regions, the effects of ammonia and VOC emission reductions in
all sectors except sector 10 — agriculture - were very small and practically negligible, for
all kinds of nitrogen deposition in all sub-regions of OSPAR Region Il — Greater North
Sea.
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9. Possible uncertainties

Precise estimation of uncertainties in measurements, emission data and model results is
always very difficult and in some cases (e.g. source-receptor matrices) not possible at all.
Therefore, in this chapter, we will only comment on uncertainties related to the data
presented in the report.

The uncertainties in the emissions lead to inaccuracies in the modelling of chemical
transformation, deposition processes and transport. The regions Wider Atlantic and Artic
Waters are close to the model domain boundary and thus the deposition here is largely
affected by the boundary conditions. In the EMEP model, these are based on
observations. However, there is a large span in reported observations of e.g. ammonium
and nitrate over the Atlantic Ocean, and therefore the accuracy in the estimation of
contribution from the boundary condition values is uncertain.

However, comparisons of modelled and measured concentrations and deposition of
nitrogen at stations scattered around Europe show that the annual average of most stations
are computed within a factor of two (e.g. Fagerli et al., 2003).

Concerning computed concentrations and deposition of nitrogen, a typical value of
uncertainty is 30 % (EMEP, 2002), but in some cases differences between measured and
computed values can be much larger. Such a comparison of computed and measured wet
deposition of nitrogen compounds can be found in the next paragraph. The problem is
more difficult when the uncertainty of the source-receptor relations is to be estimated. In
case of nitrogen such an analysis has not been done. In addition, computed source
receptor relationships cannot be compared with measurements, because such
measurements do not exist.

The EMEP model grid does not cover the entire area of the main OSPAR Region V —
Wider Atlantic (see Figure 1). The missing part in the south corresponds to 23 EMEP
grid cells. This is a source of uncertainty which leads to a small underestimation of the
computed nitrogen deposition in Region V. Assuming that deposition in the missing grid
cells was not higher than deposition in the adjacent EMEP grid cells, we could estimate
the amount of deposition in the missing grids to be not higher than 30 tonnes for oxidized
and reduced nitrogen and 60 tonnes for the total nitrogen. These values are lower than
0.1 % of the corresponding deposition in Region V.
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Figure 1. The EMEP grid system of the size 170 x 133 in the Polar Stereographic projection. The
grid resolution is 50 km at 60° N.
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Figure 2. Borders of the five main OSPAR regions in the EMEP grid system.
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Figure 3. Borders of the 13 sub-regions of OSPAR Region Il (Greater North Sea) in the EMEP
grid system.
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Figure 4. Time series of nitrogen oxides emissions (as NO,) from the OSPAR Contracting

. Different scales are used for emissions from

-1

Parties, and selected countries (Poland, Italy and part of the Russian Federation
within the EMEP domain) with the largest contribution to deposition in the

OSPAR maritime area. Unit: kt N a

different countries.
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the EMEP domain) with the largest contribution to deposition in the OSPAR
countries.

and selected countries (Poland, Italy and part of the Russian Federation within

Figure 5. Time series of ammonia (NHs3) emissions from the OSPAR Contracting Parties,
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Figure 6. Map of modelled annual oxidized nitrogen deposition in the five main OSPAR
regions in 1990. Unit: mg N m™,
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Figure 7. Map of modelled annual oxidized nitrogen deposition in the five main OSPAR
regions in 2001. Unit: mg N m™.
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Figure 8. Map of modelled annual reduced nitrogen deposition in the five main OSPAR
regions in 1990. Unit: mg N m™,
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Figure 9. Map of modelled annual reduced nitrogen deposition in the five main OSPAR
regions in 2001. Unit: mg N m™,
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Figure 10. Map of modelled total annual nitrogen deposition in the five main OSPAR
regions in 1990. Unit: mg N m™,
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Figure 11. Map of modelled annual total nitrogen (oxidized and reduced) deposition in
the five main OSPAR regions in 2001. Unit: mg N m™.
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Figure 12. Annual oxidized (N-0x), reduced (N-red) and total (N-tot = N-ox + N-red)

nitrogen deposition in the entire area of OSPAR Convention Waters in the
period 1990 - 2001. Unit: Mt N a™.
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Figure 13. Map of modelled annual oxidized nitrogen deposition in 13 sub-regions of
OSPAR Region Il (Greater North Sea) in 1990. Unit: mg N m™.
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Figure 14. Map of modelled annual oxidized nitrogen deposition in 13 sub-regions of
OSPAR Region 11 (Greater North Sea) in 2001. Unit: mg N m™.
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Figure 15. Map of modelled annual reduced nitrogen deposition in 13 sub-regions of
OSPAR Region Il (Greater North Sea) in 1990. Unit: mg N m™,
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Figure 16. Map of modelled annual reduced nitrogen deposition in13 sub-regions of
OSPAR Region Il (Greater North Sea) in 2001. Unit: mg N m™.
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Figure 17. Map of modelled total annual nitrogen (oxidized and reduced) deposition in
13 sub-regions of OSPAR Region Il (Greater North Sea) in 1990.
Unit: mg N m?,
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Figure 18. Map of modelled total annual nitrogen (oxidized and reduced) deposition in
13 sub-regions of OSPAR Region Il (Greater North Sea) in 2001.
Unit: mg N m™.,
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F|gure 19. Map Wlth time series of modelled annual OX|d|zed nitrogen depositions in the
five main OSPAR regions. Unit: kt N a™,
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Figure 20. Map with time series of modelled

annual reduced nitrogen depositions in the

five main OSPAR regions. Unit: kt N a™.
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Figure 21. Map with time series of modelled

total annual nitrogen (oxidized + reduced)
deposition in the five main OSPAR regions. Unit: kt N a™.
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Figure 22. Map with time series of modelled annual oxidized nitrogen deposition in 13
sub-regions of OSPAR Region Il (Greater North Sea). Unit: kt N a™.
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Figure 23. Map with time series of modelled annual reduced nitrogen deposition in 13
sub-regions of OSPAR Region Il (Greater North Sea). Unit: kt N a™.
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Figure 24. Map with time series of modelled total annual nitrogen (oxidized + reduced)
deposition in 13 sub-regions of OSPAR Region Il (Greater North Sea).
Unit: kt N a™
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deposition at the coastal monitoring stations in the five main OSPAR regions.

Unit: mg N m2
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Figure 26. Map with time series of modelled versus measured annual reduced nitrogen

deposition at the coastal monitoring stations in the five main OSPAR regions.
Unit: mg N m?
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Figure 27. Map with time series of modelled versus measured total annual nitrogen

(oxidized + reduced) deposition at the coastal monitoring stations in the five
main OSPAR regions. Unit: mg N m™?
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8. Map with time series of modelled versus measured annual oxidized nitrogen
deposition at the coastal monitoring stations in OSPAR Region Il (Greater
North Sea) . Unit: mg N m?,
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Figure 29. Map with time series of modelled versus measured annual reduced nitrogen
deposition at the coastal monitoring stations in OSPAR Region Il (Greater
North Sea). Unit: mg N m™,
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Figure 30. Map with time series of modelled versus measured total annual nitrogen
(oxidized + reduced) deposition at the coastal monitoring stations in OSPAR
Region 11 (Greater North Sea). Unit: mg N m™.
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Figure 31. Contributions of emitter countries (13 OSPAR Contracting Parties plus three
largest outside contributors + ship traffic on the North Sea and on the Atlantic
Ocean) to total annual (oxidized + reduced) nitrogen deposition in the OSPAR
Convention Waters in the year 2000. Unit: t/a. This is a part of the emission
from each source country, which is deposited in the OSPAR Convention
Waters (see also Table 11).
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Figure 32. Maps with contribution of emitter countries (13 OSPAR Contracting Parties
plus three largest outside contributors + ship traffic on the North Sea and on
the Atlantic Ocean) to annual oxidized nitrogen deposition in the 5 main
OSPAR regions in the year 2000. Unit: t N a™.
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Figure 33. Map with contributions of emitter countries (13 OSPAR Contracting Parties
plus three largest outside contributors + ship traffic on the North Sea and on
the Atlantic Ocean) to annual reduced nitrogen deposition in the 5 main
OSPAR regions in the year 2000. Unit; t N a™.
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Figure 34. Map with contributions of emi

tter countries (13 OS

PAR Contracting Parties

plus three largest outside contributors + ship traffic on the North Sea and on
the Atlantic Ocean) to total annual nitrogen deposition in the 5 main OSPAR
regions in the year 2000. Unit: t N a™.
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Figure 35. Map with contributions of emitter countries (13 OSPAR Contracting Parties
plus three largest outside contributors + ship traffic on the North Sea and on
the Atlantic Ocean) to annual oxidized nitrogen deposition in 13 sub-regions
of OSPAR Region Il in the year 2000. Unit: t N a™. All contributions above
8t N a™ are truncated (see Table 12 for details).
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Figure 36. Map with contribution of emitter countries (13 OSPAR Contracting Parties
plus three largest outside contributors + ship traffic on the North Sea and on
the Atlantic Ocean) to annual reduced nitrogen deposition in 13 sub-regions of
OSPAR Region Il in the year 2000. Unit: t N a*. All contributions above
8t N a™ are truncated (see Table 13 for details).
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Figure 37. Map with contribution of emitter countries (13 OSPAR Contracting Parties
plus three largest outside contributors + ship traffic on the North Sea and on
the Atlantic Ocean) to total annual nitrogen deposition in 13 sub-regions of
OSPAR Region Il in the year 2000. Unit: t N a. All contributions above
8t N a™ are truncated (see Table 14 for details).
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Figure 38. Reduction of annual oxidized nitrogen deposition (in percent of initial
deposition) due to 25 % reduction of NOx emissions in each of 10 SNAP
sectors in the year 2000. Green color denotes reduction of deposition and red
color denotes increased deposition from given sector.
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Figure 39. Reduction of annual reduced nitrogen deposition (in percent of initial
deposition) due to 25 % reduction of NOy emissions in each of 10 SNAP
sectors in the year 2000. Green color denotes reduction of deposition and red
color denotes increased deposition from given sector.
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Figure 40. Reduction of total annual nitrogen deposition (in percent of initial deposition)
due to 25 % reduction of NOy emissions in each of 10 SNAP sectors in the
year 2000. Green color denotes reduction of deposition and red color denotes
increased deposition from given sector.
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Figure 41. Reduction of annual oxidized nitrogen deposition (in percent of initial

deposition) due to 25 % reduction of NH3 and VOC emissions in each of
10 SNAP sectors in the year 2000. Green color denotes reduction of
deposition and red color denotes increased deposition from given sector.
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Figure 42. Reduction of annual reduced nitrogen deposition (in percent of initial
deposition) due to 25 % reduction of NH; and VOC emissions in each of
10 SNAP sectors in the year 2000. Green color denotes reduction of
deposition and red color denotes increased deposition from given sector.
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Figure 43. Reduction of total annual nitrogen deposition (in percent of initial deposition)
due to 25 % reduction of NH3; and VOC emissions in each of 10 SNAP sectors
in the year 2000. Green color denotes reduction of deposition and red color
denotes increased deposition from given sector.
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Figure 44. Reduction of annual oxidized nitrogen deposition (in percent of initial
deposition) due to 25 % reduction of NOy emissions in each of 10 SNAP
sectors in the year 2000. Green color denotes reduction of deposition and red
color denotes increased deposition from given sector.
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Figure 45. Reduction of annual reduced nitrogen deposition (in percent of initial
deposition) due to 25 % reduction of NOy emissions in each of 10 SNAP
sectors in the year 2000. Green color denotes reduction of deposition and
red color denotes increased deposition from given sector.
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Figure 46. Reduction of total annual nitrogen deposition (in percent of initial deposition)
due to 25 % reduction of NOy emissions in each of 10 SNAP sectors in the
year 2000. Green color denotes reduction of deposition and red color denotes
increased deposition from given sector.
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Figure 47. Reduction of annual oxidized nitrogen deposition (in percent of initial
deposition) due to 25 % reduction of NH3 and VOC emissions in each of
10 SNAP sectors in the year 2000. Green color denotes reduction of
deposition and red color denotes increased deposition from given sector.
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Figure 48. Reduction of annual reduced nitrogen deposition (in percent of initial
deposition) due to 25 % reduction of NH3 and VOC emissions in each of
10 SNAP sectors in the year 2000. Green color denotes reduction of
deposition and red color denotes increased deposition from given sector.
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Figure 49. Reduction of total annual nitrogen deposition (in percent of initial deposition)
due to 25 % reduction of NH3 and VOC emissions in each of 10 SNAP sectors
in the year 2000. Green color denotes reduction of deposition and red color
denotes increased deposition from given sector.
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Table 1. Annual nitrogen oxides emissions (as NO;) from the OSPAR Contracting
Parties and three main contributors to deposition. Unit: kt N a™.

Year
Country 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001
Belgium 102 | 99 | 102 | 100 | 101 | 109 | 9 | 93 | 95| 88 | 100 | 9
Denmark 86 | 99 | 8 | 8 | 87 | 8 | 9 | 8 | 74| 69| 64| 62
Finland ot | 8 | 8 | 8 | 8 | 79| 8| 79| 77| 15| 12| 68
France 577 | 598 | 584 | 547 | 532 | 520 | 511 | 490 | 485 | 462 | 439 | 429
Germany 830 | 765 | 707 | 672 | 625 | 604 | 577 | 543 | 510 | 493 | 482 | 485
Iceland 8 8 9 9 9 9 9 9 9 9 9 9
Ireland 3 | 37 | 40| 33| 35| 35| 37| 36| 37| 36| 38| 38
Luxembourg 7 7 7 8 7 6 7 5 5 5 5 5
Netherlands | 173 | 173 | 169 | 163 | 155 | 148 | 152 | 138 | 130 | 131 | 126 | 125
Norway 68 | 65| 65| 68| 67| 67| 70| 71| 72| 72| 68| 67
Portugal 83 | 87 | 9 | 9| 93| 97| 9 | 98 | 105 | 111 | 117 | 115
Spain 367 | 380 | 389 | 381 | 383 | 387 | 375 | 389 | 387 | 400 | 406 | 397
Switzerland 47 | 44| 42| 39| 38| 37| 34| 33| 32| 30| 20| 28
Sweden 102 ] 102 97| 93| 97| 9| 90| 8 | 81| 79| 77| 75
UK 840 | 801 | 771 | 720 | 700 | 662 | 659 | 612 | 584 | 551 | 520 | 511
ltaly 500 | 604 | 612 | 606 | 544 | 538 | 531 | 506 | 485 | 452 | 418 | 418
Poland 300 | 367 | 344 | 341 | 336 | 341 | 351 | 330 | 302 | 289 | 255 | 245
Russia 1096 | 1045 | 950 | 929 | 812 | 782 | 751 | 724 | 757 | 759 | 717 | 717

Table 2. Annual ammonia emissions (NHs) from the OSPAR Contracting Parties and
three main contributors to deposition. Unit: kt N a™.

Year

Country 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001
Belgium 82 77 77 80 79 82 82 82 84 82 67 67
Denmark 110 106 105 102 99 93 90 90 91 86 86 84
Finland 31 33 34 32 30 29 29 31 31 29 27 27
France 642 637 630 623 628 631 640 645 646 648 646 642
Germany 606 538 524 506 490 497 501 493 497 497 491 500
Iceland 2 2 2 2 2 2 2 2 2 2 2 2

Ireland 92 95 96 96 98 99 100 101 105 105 100 100
Luxembourg 6 6 6 6 6 6 6 6 6 6 6 6

Netherlands 191 188 48 157 137 159 120 155 140 137 125 122
Norway 19 19 21 20 21 21 22 21 21 21 21 21
Portugal 87 84 88 82 77 82 80 79 81 85 84 84
Spain 269 260 259 244 260 250 278 278 293 303 303 313
Switzerland 59 58 58 58 58 57 57 57 56 56 56 56
Sweden 44 45 45 51 51 51 51 49 49 47 47 44
UK 281 282 270 270 271 263 265 268 264 260 245 239
Italy 384 371 362 370 378 380 354 365 361 369 360 360
Poland 418 371 368 315 316 313 300 288 306 281 265 254
Russia 981 956 893 744 636 679 617 601 556 541 535 535

Table 3. Modelled annual oxidized nitrogen deposition in the main regions of the
OSPAR maritime area. Unit: t N a™.
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Main OSPAR Regions

Year I. Arctic Il. Greater I11. Celtic V. Bay of V. Wider

Waters North Sea Seas Biscay Atlantic
1990 292564 336108 75928 127986 429163
1995 253791 290341 81957 117441 423612
1996 335480 341975 104599 136082 493623
1997 266470 303393 87920 112022 455901
1998 199275 303801 68760 116728 364924
1999 223288 265423 60049 112508 362455
2000 230034 307430 61123 105985 341703
2001 219990 286368 70778 112894 406477

Table 4. Modelled annual reduced nitrogen (NHz-N + NH;*-N) deposition in the main

regions of the OSPAR maritime area. Unit: t N a™.

Main OSPAR Regions

Year I. Arctic I1.Greater I11. Celtic IV. Bay of V. Wider
Waters North Sea Seas Biscay Atlantic
1990 116220 198289 52213 66181 106737
1995 110635 192534 64090 65434 103163
1996 169805 219973 75331 76454 154243
1997 111158 209527 67192 66514 134577
1998 83814 219440 60242 61396 83789
1999 100138 204010 54654 64570 84169
2000 89388 242805 55282 56012 74937
2001 81483 199678 55135 59194 90193

Table 5. Modelled total annual (NOx-N + NH4-N) nitrogen deposition in the main

reg

ions of the OSPAR maritime area. Unit: t N a™*.

Main OSPAR Regions

Year I. Arctic I1.Greater I11. Celtic IV. Bay of V. Wider
Waters North Sea Seas Biscay Atlantic
1990 408784 534397 128140 194168 535900
1995 364426 482875 146047 182875 526774
1996 505285 561948 179931 212536 647866
1997 377628 512920 155112 178536 590479
1998 283089 523241 129002 178124 448714
1999 323426 469433 114703 177078 446624
2000 319422 550235 116405 161997 416640
2001 301473 486047 125913 172089 496670
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Table 6. Modelled annual oxidized nitrogen deposition in the sub-regions of OSPAR
Region |1 (Greater North Sea) of the OSPAR maritime area. Unit: t N a™.

Year Sub-regions of OSPAR Region Il Greater North Sea

1 2 3 4 5 6 7 8 9 10 11 12 13

1990 | 24901 | 10343 | 19808 | 12557 | 18776 | 27653 | 10541 | 21062 | 42967 | 46008 | 38155 | 35139 | 28103

1995 | 23081 | 11147 | 16331 | 11546 | 16966 | 25217 | 8205 | 17171 | 35704 | 35884 | 30119 | 27282 | 31827

1996 | 28592 | 15961 | 21010 | 16700 | 20136 | 25906 | 9386 | 17038 | 38670 | 44629 | 38713 | 28203 | 37062

1997 | 24853 | 13433 | 18881 | 13789 | 17687 | 22572 | 8421 | 15643 | 34976 | 43312 | 35177 | 24249 | 30409

1998 | 21687 | 9850 | 16971 | 10866 | 19104 | 28749 | 8567 | 18868 | 36723 | 40488 | 35594 | 27391 | 28880

1999 | 18682 | 7434 | 13940 | 9349 | 16972 | 24512 | 7472 | 16590 | 32888 | 33640 | 30845 | 27460 | 25578

2000 | 22751 | 8808 | 17114 | 10939 | 18798 | 26478 | 9844 | 17827 | 34966 | 42616 | 37086 | 32015 | 28125

2001 {20928 10960 |16399 |12798 | 18463 | 27778 | 7353 [19076 |30575 |35421 |32109 |26383 | 28116

Table 7. Modelled annual reduced nitrogen deposition in the sub-regions of OSPAR
Region |1 (Greater North Sea) of the OSPAR maritime area. Unit: t N a™.

Year Sub-regions of OSPAR Region Il Greater North Sea

1 2 3 4 5 6 7 8 9 10 11 12 13

1990 |9993 4193 [8998 |8993 |12582 |20759 |6047 |18198 |20054 [19912 |16742 | 26997 |24743

1995 110269 5265 |8285 |8955 |12639 |20665 |5357 |16492 |18531 |17845 |15672 | 21577 | 31168

1996 | 14556 [8326 |10963 | 11727 |13374 119948 | 6391 |16052 |20436 |22543 | 20323 | 21583 | 33844

1997 110964 6318 |9423 |10088 | 13596 | 21138 |5984 |16877 |18805 |22757 |20025 | 19627 |34077

1998 | 11013 |5275 [9242 9277 |15645 |24549 |6188 |19457 |20513 |21589 |19398 | 23593 |33660

1999 | 10005 |3763 |8846 |8876 |15026 |22233 |5089 |16935 |20132 |19811 |18310 |23313 | 31668

2000 [11650 |4014 9983 |9521 |17048 |25733 |7570 |20744 |20626 | 26031 | 24255 | 28559 | 37057

2001 [ 10103 [5458 |8547 9625 |14042 22200 |5340 19273 |15684 |18327 [18396 |21574 | 31150
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Table 8. Modelled total annual nitrogen deposition in the sub-regions of OSPAR Region
Il (Greater North Sea) of the OSPAR maritime area. Unit: t N a™.

Year Sub-regions of OSPAR Region Il Greater North Sea

1 2 3 4 5 6 7 8 9 10 11 12 13

1990 | 34894 | 14535 | 28805 |21550 | 31358 48412 |16588 | 39260 |63021 [65919 |54898 |62137 |52845

1995 | 33350 |16412 {24615 | 20501 | 29605 |45882 | 13563 | 33662 | 54234 |53728 |45790 | 48859 | 62995

1996 43148 | 24287 31972 | 28427 | 33510 45854 | 15776 |33090 |59105 | 67172 |59035 | 49786 | 70906

1997 | 35818 | 19750 | 28305 |23877 | 31284 [43710 |14405 | 32520 |53782 | 66069 |55201 |43876 |64486

1998 | 32701 | 15125 | 26213 | 20143 | 34749 53298 |14755 | 38325 |57235 [62078 | 54992 |50984 |62540

1999 128687 | 11197 | 22786 | 18225 | 31997 |46745 | 12560 | 33525 |53020 | 53451 49155 | 50773 | 57247

2000 | 34401 |12822 |27097 | 20460 | 35846 |52211 |17414 |38572 |55593 | 68647 | 61341 |60575 |65182

2001 |31031 |16418 |24946 | 22423 | 32505 [49978 |12693 | 38349 |46259 |53748 | 50505 |47957 |59267
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 9. Contribution of emitter countries (13 OSPAR Contracting Parties plus three
largest outside contributors + ship traffic on the North Sea and on Atlantic
Ocean) to annual oxidized nitrogen deposition in the main OSPAR regions in
the year 2000. Unit: t N a™.

_ Main OSPAR Regions . OSPAR
Country . Arctic Il. Greater | Ill. Celtic | IV.Bayof | V.Wider Waters
Waters North Sea Seas Biscay Atlantic

Belgium 4459 11247 995 1057 2654 20413
Denmark 6007 7078 460 316 1241 15102
Finland 7363 333 67 30 364 8157
France 11823 33195 4787 10124 17279 77208
Germany 19650 33959 2191 2367 6106 64273
Iceland 2910 228 92 86 1729 5044
Ireland 3519 5053 4827 1068 6410 20876
Netherlands 8072 17423 1506 1548 3939 32489
Norway 17445 6786 715 324 2639 27910
Portugal 803 1704 743 11258 9332 23841
Spain 3540 10319 3460 25893 22504 65717
Sweden 7780 2534 231 146 781 11471
UK 46940 103443 19794 8516 35763 214456
Italy 3120 3392 277 832 1696 9317
Poland 5998 4544 370 142 604 11658
Russia 16670 618 39 19 350 17695
North Sea 16198 41476 5076 4159 10180 77089
Atlantic 10967 14244 12765 34380 96227 168583
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 10. Contribution of emitter countries (13 OSPAR Contracting Parties plus three
largest outside contributors + ship traffic on the North Sea and on Atlantic
Ocean) to annual reduced nitrogen deposition in the main OSPAR regions in
the year 2000. Unit: t N a™.

_ Main OSPAR Regions . OSPAR
Country . Arctic Il. Greater | Ill. Celtic | IV.Bayof | V.Wider Waters
Waters North Sea Seas Biscay Atlantic

Belgium 1646 14561 643 644 1635 19129
Denmark 3581 19234 388 202 720 24125
Finland 1725 53 15 11 29 1833
France 6913 60253 8003 26380 21133 122681
Germany 11524 38582 1310 1160 3557 56132
Iceland 1295 30 34 15 331 1704
Ireland 3479 5977 21555 1167 9879 42057
Netherlands 3052 22001 728 723 1762 28267
Norway 4077 2078 83 37 220 6494
Portugal 464 1024 443 7602 4999 14532
Spain 2246 6518 2102 17142 12628 40636
Sweden 1934 2050 111 80 134 4309
UK 11547 54710 20160 2961 14255 103633
Italy 1931 2280 141 416 669 5437
Poland 4941 4429 383 121 909 10783
Russia 5190 213 17 19 27 5466
North Sea 0 0 0 0 0 0
Atlantic 0 0 0 0 0 0
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 11. Contribution of emitter countries (13 OSPAR Contracting Parties plus three
largest outside contributors + ship traffic on the North Sea and on Atlantic
Ocean) to total annual nitrogen deposition in the main OSPAR regions in the
year 2000. Unit: t N a™.

_ Main OSPAR Regions _ OSPAR
Country I. Arctic Il. Greater | Il Celtic | IV.Bayof | V.Wider Waters
Waters North Sea Seas Biscay Atlantic

Belgium 6106 25808 1638 1701 4289 39542
Denmark 9588 26312 848 518 1961 39227
Finland 9089 385 81 41 394 9990
France 18735 93448 12790 36504 38412 199889
Germany 31174 72541 3501 3526 9663 120405
Iceland 4204 258 126 100 2060 6748
Ireland 6998 11030 26381 2236 16289 62933
Netherlands 11124 39424 2234 2272 5701 60755
Norway 21522 8864 798 361 2859 34404
Portugal 1267 2728 1186 18861 14331 38373
Spain 5786 16837 5561 43035 35133 106352
Sweden 9714 4584 342 226 915 15781
UK 58487 158153 39954 11477 50018 318089
Italy 5051 5673 418 1248 2365 14754
Poland 10939 8972 753 263 1513 22440
Russia 21860 831 56 37 377 23161
North Sea 16198 41476 5076 4159 10180 77089
Atlantic 10967 14244 12765 34380 96227 168583
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 12. Contribution of emitter countries (13 OSPAR Contracting Parties plus three

largest outside contributors + ship traffic on the North Sea and on the Atlantic
Ocean) to annual oxidized nitrogen deposition in 13 sub-regions of OSPAR
Region |1, Greater North Sea in the year 2000. Unit: t N a™.

Sub-regions of OSPAR Region Il - Greater North Sea

Year 1 2 3 4 5 6 7 8 9 10 1] 12] 13
BE 586 | 166 | 505 | 298 | 695 | 1276 | 456 | 909 | 1201 | 1626 | 1652 | 1234 | 634
DK 650 | 214 | 381 | 164 | 153 | 193 | 347 | 317 | 1293 | 681 | 453 | 2072 | 119
Fi 23 9| 15| 11| 19| 15 9| 11 63 38| 26| 77| 17
FR | 1406 | 470 | 1248 | 768 | 2217 | 4033 | 1150 | 2099 | 3056 | 4028 | 4461 | 3354 | 4909
DE | 2802 | 658 | 1827 | 906 | 1237 | 1601 | 1377 | 2738 | 4358 | 4864 | 4146 | 6397 | 967
§ 26| 22| 15| 13| 16| 16 4 7 35| 23| 22| 10| 19
IE 380 | 313 | 364 | 332 | 318 | 332 | 106| 194 | 528 | 795| 595| 194 | 599
NL 977 | 320 | 810 | 530 | 914 | 1528 | 856 | 1507 | 2074 | 2624 | 2340 | 2152 | 772
NO | 1218 | 410 | 491 | 284 | 150 | 160 | 154 | 189 | 1711| 786 | 401 | 698 | 122
PT 87| 48| 49| 43| 108| 188| 47| 79| 152| 165| 173| 120 | 454
ES 460 | 231 | 295| 251 | 618 | 1193 | 339 | 586 | 865 | 932 | 1166 | 864 | 2553
SE 228 | 80| 113| 69| 63| 59| 68| 75| 382 216| 117| 980| 78
GB | 8948 | 4101 | 7793 | 5239 | 7896 | 8232 | 2689 | 4537 | 11782 | 17818 | 13690 | 5205 | 5475
T 373 | 43| 219| 61| 181 | 271 | 97| 211 | 245| 5024 | 498 | 473| 190
PL 479 | 90| 293 | 119| 94| 134| 149 | 220| 785| 666 | 385| 970 | 145
RU 64| 19| 26 9| 22| 33| 20| 24| 140| 48| 40| 142 29
NOS | 2643 | 1056 | 2050 | 1145 | 2354 | 4313 | 1383 | 2625 | 4800 | 5448 | 4957 | 3611 | 5085
ATL | 839 | 522 | 611 | 529 | 888 | 1253 | 299 | 536 | 1137 | 1526 | 1424 | 662 | 4132
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 13. Contribution of emitter countries (13 OSPAR Contracting Parties plus three
largest outside contributors + ship traffic on the North Sea and on the Atlantic
Ocean) to annual reduced nitrogen deposition in 13 sub-regions of OSPAR

Region |1, Greater North Sea in the year 2000. Unit: t N a™.

Year Sub-regions of OSPAR Region Il - Greater North Sea
1 2 3 4 5 6 7 8 9 10 11 12 13
BE 310 68| 347 | 183 | 757 | 6008 | 393 | 1219 | 873 | 1194 | 1661 | 784 | 760
DK 728 | 205| 471 | 145| 133 | 188 | 1866 | 1239 | 2256 | 831 | 636 | 10318 93
FI 1 2 2 3 5 3 0 0 11 8 3 14 0
FR | 1241 | 416 | 1264 | 817 | 3106 | 7514 | 1115 | 2491 | 2925 | 3989 | 4833 | 2718 | 2805
DE | 1968 | 387 | 1468 | 645 | 964 | 2213 | 1687 | 9747 | 3521 | 4204 | 4615 | 6398 | 672
IS 3 9 2 4 2 1 0 0 4 2 2 0 0
IE 383 | 383 | 461 | 514 | 510| 329 | 103| 167 | 560 | 952 | 575| 120 | 935
NL 579 | 166 | 540 | 323 | 786 | 4952 | 833 | 4815 | 1531 | 2059 | 3123 | 1697 | 575
NO 193 57 67 35 19 11 31 16 | 1107 66 42| 426 5
PT 44 50 36 30 70 | 108 23 35 89 | 103 97 61| 281
ES 279 | 169 | 193 | 161 | 398 | 667 | 197 | 340 | 549 | 598 | 710 | 481 | 1801
SE 84 36 78 40 33 23 44 34| 215 80 44 | 1304 26
GB | 3040 | 1625 | 3618 | 5950 | 9926 | 4280 | 749 | 1254 | 3673 | 8358 | 6017 | 1225 | 5041
IT 344 40 | 170 42 90 | 155 57| 136 | 164 | 349 | 338 | 282 | 109
PL 474 | 106 | 286 94 82| 105| 160 | 265| 777 | 583 | 316 | 1102 62
RU 16 14 7 3 7 10 3 5 66 19 11 43 8
NOS 0 0 0 0 0 0 0 0 0 0 0 0 0
ATL 0 0 0 0 0 0 0 0 0 0 0 0 0
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 14. Contribution of emitter countries (13 OSPAR Contracting Parties plus three
largest outside contributors + ship traffic on the North Sea and on the Atlantic
Ocean) to total annual nitrogen deposition in 13 sub-regions of OSPAR

Region |1, Greater North Sea in the year 2000. Unit: t N a™.

Year Sub-regions of OSPAR Region Il - Greater North Sea
1 2 3 4 5 6 7 8 9 10 11 12 13
BE 896 234 852 481 1452 7284 848 2128 2075 2820 3313 2019 1394
DK 1388 419 852 309 287 381 2213 1556 3548 1513 1089 12390 212
Fl 24 11 17 14 24 19 9 11 73 46 29 92 17
FR 2647 886 2511 1585 5324 | 11547 2265 4590 5981 8017 9294 6072 | 32934
DE 4769 1045 3295 1551 2201 3814 3064 | 12484 7879 9067 8762 12795 1639
IS 29 31 17 17 18 17 4 7 39 26 23 10 20
IE 773 695 825 846 828 661 210 362 1087 1748 1170 315 1535
NL 1556 486 1350 853 1700 6480 1689 6322 3606 4683 5463 3849 1347
NO 1411 466 558 319 169 171 184 205 2817 852 442 1124 128
PT 131 97 86 73 178 296 70 114 242 268 270 181 735
ES 738 400 488 412 1015 1859 536 926 1414 1531 1875 1345 4354
SE 313 116 190 109 97 82 113 109 597 296 161 2284 105
GB 11988 5726 11412 11188 | 17822 12512 3438 5791 15455 | 26176 | 19707 6431 10516
IT 718 83 389 102 270 426 154 347 409 873 835 755 299
PL 953 196 579 213 176 240 309 485 1562 1249 701 2071 206
RU 80 33 33 12 29 43 23 29 206 68 50 184 38
NOS 2643 1056 2050 1145 2354 4313 1383 2625 4800 5448 4957 3611 5085
ATL 839 522 611 529 888 1253 299 536 1137 1526 1424 662 4132
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 15. Deposition of oxidized nitrogen in the main OSPAR Regions in the year 2000
after 25 % reduction of NO; emissions in each of the 10 emission sectors.

Unit: tN a™.
Main OSPAR Regions
Sector . Arctic Il. Greater Il Celtic ! IV. Bay of IV. Wider (\?Vilz?rs
Waters North Sea Seas Biscay Atlantic
1 226928 304164 61682 103547 353973 1050295
2 234782 313557 63455 106107 358807 1076708
3 232520 310520 62980 105520 357558 1069097
4 236578 316167 63949 106879 360546 1084119
5 237560 316801 64031 107088 360956 1086435
6 237721 316827 64032 107089 360963 1086632
Il 219319 291514 59774 100755 348853 1020215
8 220209 294408 58124 94151 332486 999378
9 237383 316437 63985 106978 360768 1085552
10 237660 316736 64013 106977 360929 1086315

Table 16. Deposition of reduced nitrogen in the main OSPAR Regions in the year 2000
after 25 % reduction of NO, emissions in each of the 10 emission sectors.

Unit: tNa™,
Main OSPAR Regions
Sector . Arctic [l. Greater Il Celtic . IV. Bay of V. Wider (\?Vifgs
Waters North Sea Seas Biscay Atlantic
1 97643 243066 58152 62592 145634 607087
2 97756 243072 58134 62603 145742 607306
3 97718 243046 58131 62587 145713 607195
4 97795 243075 58111 62543 145862 607387
5 97816 243081 58111 62537 145882 607427
6 97818 243081 58111 62538 145883 607430
7 97288 242902 58212 62837 145104 606343
8 97482 243155 58216 62831 145324 607007
9 97814 243079 58112 62543 145871 607418
10 97815 243074 58110 62535 145882 607416
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 17. Deposition of total (oxidized + reduced) nitrogen in the main OSPAR Regions
in the year 2000 after 25 % reduction of NO, emissions in each of the 10
emission sectors. Unit: t N a™.

_ Main OSPAR _Regions _ OSPAR
Sector . Arctic Il. Greater Il Celtic Iv. _Bay of V. Wldgr Waters
Waters North Sea Seas Biscay Atlantic

1 324571 947230 119834 166140 499608 1657383
2 332537 556628 121589 168710 504548 1684013
3 330237 553566 121111 168107 503272 1676293
4 334373 559242 122060 169422 506409 1691506
5 335376 559881 122141 169626 506838 1693862
6 335539 559907 122143 169627 506846 1694062
Il 316607 534416 117987 163591 493958 1626558
8 317691 537564 116340 156982 477809 1606385
9 335197 559516 122096 169521 506639 1692969
10 335475 559809 122123 169512 506810 1693730

Table 18. Deposition of oxidized nitrogen in the main OSPAR Regions in the year 2000
after 25 % reduction of NH; and VOC emissions in each of the 10 emission
sectors. Unit: t N a.

_ Main OSPAR Regions _ OSPAR
Sector . Arctic [l. Greater Il Celtic Iv. _Bay of V. Wld_er Waters
Waters North Sea Seas Biscay Atlantic

1 237788 316835 64034 107105 360985 1086747
2 238059 316809 64041 107159 361169 1087238
3 237760 316826 64034 107100 360978 1086698
4 237874 317067 64088 107279 361109 1087416
5 238235 317104 64107 107198 361265 1087908
6 239347 317437 64177 107494 361842 1090297
7 239954 316937 64130 107467 361905 1090393
8 238025 316848 64050 107162 361124 1087209
9 237694 316824 64041 107116 360896 1086570
10 235540 316084 64203 107193 357713 1080734
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 19. Deposition of reduced nitrogen in the main OSPAR Regions in the year 2000
after 25 % reduction of NH3 and VOC emissions in each of the 10 emission
sectors. Unit: t N a™.

_ Main OSPAR _Regions _ OSPAR
Sector . Arctic Il. Greater Il Celtic Iv. _Bay of V. Wldgr Waters
Waters North Sea Seas Biscay Atlantic

1 97784 243014 58108 62534 145871 607311
2 97762 242886 58010 62386 145759 606804
3 97804 243045 58110 62536 145876 607371
4 97477 242403 58017 61804 145541 605241
5 97812 243087 58107 62529 145877 607412
6 97738 242960 58084 62496 145821 607097
l 97400 241871 57848 62316 145526 604961
8 97801 243074 58109 62530 145868 607382
9 97487 241903 57911 61985 145383 604669
10 83421 186628 44508 48245 130905 493707

Table 20. Deposition of total (oxidized + reduced) nitrogen in the main OSPAR Regions
in the year 2000 after 25 % reduction of NH3 and VOC emissions in each of
the 10 emission sectors. Unit: t N a™,

' Main OSPAR Regions ' OSPAR
Sector I. Arctic II. Greater IIl. Celtic IV. Bay of V. Wider Waters
Waters North Sea Seas Biscay Atlantic

1 335571 559849 122142 169638 506857 1694057
2 335821 559695 122051 169546 506929 1694042
3 335564 559872 122143 169635 506854 1694069
4 335350 559470 122105 169083 506649 1692658
5 336047 560191 122213 169727 507142 1695320
6 337085 560397 122261 169990 507663 1697396
7 337355 558808 121977 169783 507432 1695355
8 335826 559922 122159 169692 506992 1694592
9 335181 558727 121952 169101 506280 1691240
10 318961 502712 108711 155438 488619 1574442
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 21. Deposition of oxidized nitrogen in 13 sub-regions of OSPAR Region Il -
Greater North Sea in the year 2000 after 25 % reduction of NOx emissions in
each of the 10 emission sectors. Unit: t N a™.

Sec. Sub-regions of OSPAR Region Il — Greater North Sea
1 2 3 4 5 6 7 8 9 10 11 12 13
1 21229 8536 | 16421 | 10687 | 19569 | 27659 9688 | 17807 | 33427 | 41840 | 37342 30548 29378
¢ 22166 8916 | 17096 | 11101 | 20077 | 28290 9972 | 18296 | 34651 | 43279 | 38439 31349 29884
3 21904 8816 | 16899 | 10992 | 19901 | 28053 9878 | 18119 | 34284 | 42823 | 38069 31050 29694
4 22373 9001 | 17265 | 11203 | 20231 | 28470 | 10057 | 18431 | 34957 | 43698 | 38761 31619 30058
5 22418 9016 | 17297 | 11221 | 20263 | 28526 | 10079 | 18472 | 35041 | 43783 | 38836 31704 30102
6 22424 9017 | 17300 | 11223 | 20264 | 28526 | 10080 | 18473 | 35046 | 43786 | 38838 31706 30103
/ 20569 8309 | 15820 | 10321 | 18727 | 26524 9250 | 17004 | 32059 | 40050 | 35644 28998 28218
8 20822 8351 | 16129 | 10503 | 19042 | 26635 9378 | 17266 | 32393 | 40915 | 36402 29357 27158
9 22380 9003 | 17275 | 11208 | 20247 | 28498 | 10067 | 18452 | 34987 | 43734 | 38795 31674 30074
10 22418 9016 | 17296 | 11220 | 20259 | 28519 | 10076 | 18467 | 35037 | 43776 | 38823 31695 30088
Table 22. Deposition of reduced nitrogen in 13 sub-regions of OSPAR Region Il —
Greater North Sea in the year 2000 after 25 % reduction of NOx emissions in
each of the 10 emission sectors. Unit: t N a™.
Sec. Sub-regions of OSPAR Region Il — Greater North Sea

1 2 3 4 5 6 7 8 9 10 11 12 13

1 11013 | 4057 9590 9353 16991 | 25197 | 7768 21440 | 20261 | 25261 | 24398 | 28868 38875

2 11029 | 4063 9602 9359 16984 | 25182 | 7763 21411 | 20278 | 25273 | 24393 | 28868 38873

3 11022 | 4061 9596 9355 16982 | 25189 | 7764 21424 | 20268 | 25265 | 24392 | 28865 38869

4 11039 | 4066 9607 9360 16981 | 25174 | 7763 21403 | 20289 | 25282 | 24391 | 28877 38849

5 11041 | 4067 9609 9360 16982 | 25170 | 7763 21398 | 20293 | 25286 | 24391 | 28878 38847

6 11041 | 4067 9609 9360 16982 | 25170 | 7763 21398 | 20293 | 25286 | 24391 | 28878 38848

/ 10937 | 4035 9537 9332 17007 | 25282 | 7758 21543 | 20147 | 25155 | 24384 | 28805 38987

8 10971 | 4044 9565 9341 17002 | 25237 | 7771 21482 | 20234 | 25235 | 24414 | 28895 38971

9 11040 | 4067 9608 9360 16982 | 25172 | 7763 21399 | 20291 | 25284 | 24391 | 28877 38851

10 11040 | 4067 9608 9360 16982 | 25170 | 7763 21398 | 20293 | 25284 | 24390 | 28877 38847
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 23. Deposition of total nitrogen in 13 sub-regions of OSPAR Region Il — Greater
North Sea in the year 2000 after 25 % reduction of NO, emissions in each of
the 10 emission sectors. Unit: t N a™,

Sec. Sub-regions of OSPAR Region Il — Greater North Sea
1 2 3 4 5 6 7 8 9 10 11 12 13
1 32243 | 12593 | 26011 | 20040 | 36560 | 52856 | 17455 | 39247 | 53688 | 67102 | 61740 | 59416 68253
2 33195 | 12979 | 26697 | 20460 | 37061 | 53472 | 17735 | 39707 | 54928 | 68553 | 62831 | 60217 68757
3 32926 | 12877 | 26495 | 20347 | 36882 | 53242 | 17642 | 39543 | 54552 | 68088 | 62461 | 59916 68563
4 33412 | 13067 | 26871 | 20563 | 37212 | 53644 | 17820 | 39834 | 55246 68980 | 63152 | 60496 68908
5 33459 | 13084 | 26905 | 20581 | 37245 | 53696 | 17842 | 39870 | 55334 | 69069 | 63227 | 60582 68950
6 33465 | 13085 | 26908 | 20583 | 37246 | 53696 | 17843 | 39870 | 55339 | 69072 | 63228 | 60584 68950
/ 31506 | 12345 | 25357 | 19653 | 35734 | 51806 | 17008 | 38547 | 52206 | 65205 | 60029 | 57802 67205
8 31794 | 12394 | 25695 | 19844 | 36044 | 51872 | 17149 | 38749 | 52627 | 66150 | 60816 | 58252 66129
9 33420 | 13070 | 26883 | 20568 | 37229 | 53670 | 17830 | 39851 | 55278 69018 | 63186 | 60551 68925
10 33459 | 13083 | 26904 | 20580 | 37241 | 53690 | 17839 | 39865 | 55330 | 69060 | 63213 | 60572 68936
Table 24. Deposition of oxidized nitrogen in 13 sub-regions of OSPAR Region Il —
Greater North Sea in the year 2000 after 25 % reduction of NH; and VOC
emissions in each of the 10 emission sectors. Unit: t N a™.
Sec. Sub-regions of OSPAR Region Il — Greater North Sea
1 2 3 4 5 6 7 8 9 10 11 12 13
1 22425 | 9018 17300 | 11223 | 20262 | 28525 | 10080 | 18472 | 35049 | 43790 | 38838 | 31707 30101
2 22432 | 9023 17305 | 11225 | 20261 | 28514 | 10074 | 18463 | 35050 | 43793 | 38830 | 31699 30096
3 22425 | 9018 17300 | 11222 | 20262 | 28525 | 10080 | 18472 | 35047 | 43786 | 38837 | 31706 30102
4 22445 | 9028 17315 | 11233 | 20281 | 28544 | 10086 | 18487 | 35073 | 43822 | 38865 | 31726 30117
> 22474 | 9044 17330 | 11240 | 20258 | 28513 | 10089 18483 | 35108 43833 | 38856 | 31736 30095
6 22549 | 9076 17375 | 11258 | 20238 | 28473 | 10094 | 18492 | 35194 | 43910 | 38872 | 31798 30063
! 22530 | 9076 17363 | 11249 | 20185 | 28389 | 10080 18440 | 35170 43851 | 38792 | 31755 30010
8 22441 | 9026 17309 | 11227 | 20255 | 28506 | 10079 | 18467 | 35065 | 43797 | 38832 | 31711 30089
9 22416 | 9015 17294 | 11221 | 20276 | 28535 | 10077 | 18472 | 35036 | 43783 | 38841 | 31695 30118
10 21973 | 8865 16993 | 11081 | 20535 | 29022 | 10017 | 18683 | 34496 | 43408 | 38986 | 31410 30581
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Atmospheric Nitrogen in the OSPAR Convention Area

Table 25. Deposition of reduced nitrogen in 13 sub-regions of OSPAR Region Il -
Greater North Sea in the year 2000 after 25 % reduction of NH; and VOC
emissions in each of the 10 emission sectors. Unit: t N a™.

Sub-regions of OSPAR Region Il — Greater North Sea

Sec. 1 2 3 4 5 6 7 8 9] 10] 1 7 13
1| 1103 | 4066 | 9604 | 9350 | 16981 | 25168 | 7760 | 21300 | 20285 | 25077 | 24385 | 28862 | 38846
2 11029 4061 9596 9343 16958 25161 7758 21392 20274 25252 24369 28865 38833
3 | 11030 | 4066 | 9606 | 9350 | 16982 | 25168 | 7762 | 21304 | 20289 | 25081 | 24386 | 28872 | 38847
4 11011 4057 9584 9343 16901 25071 7745 21334 20240 25204 24306 28821 38791
S| 11040 | 4066 | 9606 | 9358 | 16987 | 25178 | 7762 | 21402 | 20289 | 25282 | 24393 | 28878 | 38850
6 | 11008 | 4063 | 9506 | o354 | 16080 | 25182 | 7755 | 21400 | 20261 | 25255 | 24382 | 28861 | 38850
7 10972 4043 9547 9307 16862 25090 7727 21362 20160 25121 24273 28718 38697
8 | 11030 | 4067 | 9606 | 9350 | 16985 | 25178 | 7762 | 21400 | 20288 | 25080 | 24301 | 28875 | 38851
9 10985 4045 9557 9311 16843 25036 7738 21349 20207 25136 24254 28812 38634

10| g780 | 3273 | 7538 | 7183 | 12080 | 18083 | 5975 | 15080 | 15080 | 10743 | 18868 | 20084 | 20252

Table 26. Deposition of total nitrogen in 13 sub-regions of OSPAR Region Il — Greater
North Sea in the year 2000 after 25 % reduction of NH3 and VOC emissions
in each of the 10 emission sectors. Unit: t N a™.

Sub-regions of OSPAR Region Il — Greater North Sea

Sec. 1 2 3 4 5 6 7 8 9] 10] 1 1 13
1 33462 13084 26904 20582 37243 53693 17840 39863 55335 69066 63223 60569 68947
2 | 3361 | 13083 | 26901 | 20569 | 37219 | 53675 | 17833 | 30854 | 55324 | 69046 | 63200 | 60564 | 68929
3 | 33464 | 13084 | 26906 | 20582 | 37244 | 53693 | 17842 | 30866 | 55336 | 69067 | 63224 | 60578 | 68949
4 | 33456 | 13085 | 26900 | 20577 | 37182 | 53615 | 17831 | a0e21 | 55314 | 69026 | 63171 | 60548 | 68908
S | 33514 | 13111 | 26936 | 20598 | 37245 | 53691 | 17852 | 30885 | 55307 | 69116 | 63249 | 60613 | 68945
6 33576 13138 26971 20612 37218 53654 17849 39892 55455 69164 63255 60659 68913
7| 33502 | 13110 | 26910 | 20856 | 37047 | 53479 | 17807 | 30802 | 55330 | 68972 | 63065 | 60472 | 68707
8 33480 13092 26915 20586 37240 53684 17841 39867 55353 69077 63224 60586 68939
9 | 33002 | 13050 | 26851 | 20532 | 37119 | 53572 | 17816 | 30821 | 55242 | 68920 | 63095 | 60508 | 68752

10 | ao760 | 12138 | 24531 | 18264 | 33515 | 48005 | 15092 | 34663 | 50476 | 63150 | 57854 | 53404 | 50833
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