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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 ñAtmospheric Nitrogen in the 

OSPAR Convention Area for the period 1990 ï 2001ò 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 ï 2001 including 

information on: 

 

¶ Annual emissions of nitrogen oxides and ammonia from OSPAR Contracting Parties 

and selected large outside contributors to nitrogen deposition in the OSPAR maritime 

area; 

¶ Modelled annual deposition of nitrogen in the main OSPAR regions with an emphasis 

on the Greater North Sea; 

¶ Comparison of model results and measurements from coastal monitoring stations 

within OSPAR; 

¶ Source ï receptor matrices (countries to regions) for the same area and 

¶ 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, 

1995-2000) in EMEP Status Report 1/2003, Part II. A comparison of computed and 
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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 (NOx) as nitrogen dioxide (NO2). For most of the OSPAR Contracting Parties a 

reduction of nitrogen oxides emissions has been reported for the period 1990 ï 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 

(NO2) 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 

NO2 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 (NH3) 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 (NO2) 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 (NH3), 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 

II, Greater North Sea for the year 1990 as well as 2001 (Figures 6-9).  

 

Modelled deposition of oxidized nitrogen (maximum 610 mg N m
-2
 in 2001) was higher 

than the modelled deposition of reduced nitrogen (maximum 530 mg N m
-2

 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 II, Greater North Sea (1 %) and in the main OSPAR Region 

III, Celtic Seas (6 %). In the three remaining main OSPAR regions it was lower by 30 %, 

11 % and 15 %, for Arctic Waters (OSPAR Region I), Bay of Biscay (OSPAR Region 

IV) 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
-2

 (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 II 

(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  I (Arctic Waters), II (Greater 

North Sea) and III (Celtic Seas) with 47, 103 and 20 kt N a
-1

, respectively. For the main 

OSPAR Regions IV (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
-1

, 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 II (Greater North Sea), IV (Bay of Biscay) and V (Wider 

Atlantic) with 60, 26 and 21 kt N a
-1

, respectively. United Kingdom and Germany were 

the largest contributors to reduced nitrogen deposition in the main OSPAR Region I 

(Arctic Waters) with 12 kt N a
-1

, whereas, Ireland was the largest contributor to the main 

OSPAR Region III (Celtic Seas) with 22 kt N a
-1

 (Table 10 and Figure 33). 

 

The most important contributor to modelled total nitrogen deposition in the main OSPAR 

Regions I (Arctic Waters), II (Greater North Sea) and III (Celtic Seas) was the United 

Kingdom with 58, 158 and 40 kt N a
-1

, 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
-1

, 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 I 

(Arctic Waters) with 34 % and 9 %, respectively. The largest contribution (17 %) of 



Atmospheric Nitrogen in the OSPAR Convention Area 

 

                                               EMEP/MSC-W TECHNICAL REPORT 4/2004 7 

initial and boundary conditions to modelled reduced nitrogen deposition occured in the 

main OSPAR Region I (Arctic Waters). 

 

Both for the main OSPAR Region II (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 alias 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 ñAtmospheric Nitrogen in the 

OSPAR Convention Area in the period 1990 ï 2001ò 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 ï 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 II 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 II ï 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 



Atmospheric Nitrogen in the OSPAR Convention Area 

 

                                               EMEP/MSC-W TECHNICAL REPORT 4/2004 10 

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 II ï 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 I (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 II (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: 

 

¶ Annual emissions of nitrogen oxides (NO2) and ammonia (NH3) from the OSPAR 

Contracting Parties and three largest outside contributors to nitrogen deposition in 

the OSPAR Convention Waters in the period 1990 ï 2001. 

¶ Modelled annual deposition of nitrogen oxides (NO2) and ammonia (NH3) 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. 

¶ 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 

¶ Source-receptor matrices (countries to regions) for the main OSPAR regions and 

all sub-regions of OSPAR Region II ï Greater North Sea for the year 2000. 

http://www.emep.int/index_facts.html
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¶ Contributions of individual emission sectors to nitrogen deposition in the main 

OSPAR regions and all sub-regions of OSPAR Region II ï 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 ï 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 ×133) has a horizontal resolution of 50 km at 60
o 
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 × 50 km
2
 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. 

 

 

 

 

 

http://www.emep.int/
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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 

II - 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 III:  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 II ï 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 II - 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 III ï 

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 II - 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. 
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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 ï 2001. There are two kinds of nitrogen 

emissions used as input files to the EMEP model calculations: nitrogen oxides emissions 

as NO2 and ammonia emissions as NH3, 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 NOx emissions to the OSPAR 

Convention Waters is the international ship traffic. Official data for 1990 give 1,266 kt 

NOx (as NO2) annual emissions from the international ship traffic on the North-East 

Atlantic and 648 kt NOx (as NO2) from the international ship traffic on the North Sea. 

This is the largest source of NOx 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 (NO2) 

and ammonia (NH3) 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 

(NO2) has been reported for the period 1990 ï 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
-1
, 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 26 
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%, 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 (NH3) 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 (NO2) emission reduction in the period 1990 ï 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 (NO2), 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 (NH3) in the year 2001, in terms of nitrogen 

emitted. 
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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), 

NO2, HNO3 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 (NO2) 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 II, Greater North Sea (0.7 %) and in the main OSPAR Region 

III, 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 II, Greater North Sea. 

The deposition of oxidized nitrogen (maximum 630 mg N m
-2

 in 2001) was higher than 
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the deposition of reduced nitrogen (maximum 537 mg N m
-2

 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 II, Greater North 

Sea. Compared to 1990, annual deposition of total nitrogen in 2001 was higher only in 

the main OSPAR Region II ï 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 II (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
-2

) 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
-2

) in sub-region 2. The largest deposition reduction, 30 %, was calculated for sub-

region 7, from 10.5 kt N a
-1

 in 1990 to 7.4 kt N a
-1

 in 2001. The highest increase of the 

deposition, 6 %, was calculated for sub-region 2, from 10.3 kt N a
-1

 in 1990 to 11 kt N a
-1

 

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
-2

) 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
-2

) 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
-1

 in 1990 to 

15.7 kt N a
-1
 in 2001. The highest increase of the deposition, 30 %, was calculated for 

sub-region 2, from 4.2 kt N a
-1

 in 1990 to 5.5 kt N a
-1

 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
-2

. The largest deposition reduction, 27 %, was calculated for sub-region 9, 

from 63 kt N a
-1

 in 1990 to 46.3 kt N a
-1

 in 2001. The highest increase of the deposition, 

13 %, was calculated for sub-region 2, from 14.5 kt N a
-1

 in 1990 to 16.4 kt N a
-1

 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 II, 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 II (Greater North Sea), are shown in 

Figures 28, 29 and 30, respectively. 

 

The agreement between model results and observations depends not only on the ñmodel 

performanceò 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 

PT0010R, 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, NO0059R, 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 NH3 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 II ï 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 × 

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 II 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 

   FI          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 I (Arctic Waters) with 34 % and 9 %, respectively. Largest 

contribution (17 %) of initial and boundary conditions to reduced nitrogen deposition 

occured in OSPAR Region I (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, II and III with 47, 103 and 20 kt N a
-1

, 
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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
-1

, 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
-1

, respectively. United 

Kingdom and Germany were the largest contributors to reduced nitrogen deposition in 

the main OSPAR Region I with 12 kt N a
-1

 each, whereas, Ireland was the largest 

contributor to the main OSPAR Region III with 22 kt N a
-1

. 

 

The main contributor to total nitrogen deposition in the main OSPAR Regions I (Arctic 

Waters), II (Greater North Sea) and III (Celtic Seas) were emission sources located in the 

United Kingdom with 58, 158 and 40 kt N a
-1

, 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
-1

, 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 II ï 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 II. 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 II 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 II ï Greater North Sea. 

 

Sub-
region 

Main contributors for 
oxidized nitrogen 

Main contributors for 
reduced nitrogen 

Main contributors for 
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 II ï Greater North Sea   

 
National nitrogen emissions (NO2 and NH3) 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 I ï Arctic Waters and Region II ï 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 III ï Celtic Seas, Region IV ï Bay of Biscay and Region V ï 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  

ï 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 III ï Celtic Seas, only slightly lower reductions in Regions II ï Greater North Sea 

and IV ï Bay of Biscay and  definitely smaller in Regions I ï Arctic Waters and V ï 

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 II, 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 II ï 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 II, 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 ï agriculture - were very small and practically negligible, for 

all kinds of nitrogen deposition in all sub-regions of OSPAR Region II ï 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 ï 

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 × 133 in the Polar Stereographic projection. The 

grid resolution is 50 km at 60
o 
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 II (Greater North Sea) in the EMEP 

grid system.  

 



Atmospheric Nitrogen in the OSPAR Convention Area 

 

                                               EMEP/MSC-W TECHNICAL REPORT 4/2004 36 

 
Figure 4. Time series of nitrogen oxides emissions (as NO2) from the OSPAR Contracting 

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
-1
. Different scales are used for emissions from 

different countries. 
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Figure 5. Time series of ammonia (NH3) emissions from the OSPAR Contracting 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-1
. Different scales are used for emissions from different 

countries. 
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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
-2

. 
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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
-2

. 
 

 

 



Atmospheric Nitrogen in the OSPAR Convention Area 

 

                                               EMEP/MSC-W TECHNICAL REPORT 4/2004 40 

 
Figure 8.  Map of modelled annual reduced nitrogen deposition in the five main OSPAR 

regions in 1990. Unit: mg N m
-2

. 
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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
-2

. 


