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1. Introduction 

Calculations of airborne deposition of nitrogen to the Baltic Sea have been performed by the 

Meteorological Synthesizing Centre – West of EMEP (hereafter referred to as EMEP MSC-W) for the 

ENIRED II project of HELCOM. The main aim was to quantify the contributions from different countries 

and regions to nitrogen deposition in the reference year 2005 and the reductions that can be achieved 

by 2030, due to the implementation of the Gothenburg Protocol / EU-NEC Directive. 

 

1.1 Policy relevance 

The 2018 HELCOM Brussels Ministerial Meeting agreed to update  the Baltic Sea Action Plan (BSAP) 

by 2021. The aim of the update of the BSAP is to adjust actions based on the newest scientific 

knowledge so that HELCOM’s strategic goals and ecological objectives can be reached and relevant 

marine and water targets of the 2030 Agenda for Sustainable Development can be met in the Baltic 

Sea. 

Airborne deposition of nitrogen is a substantial contribution to the total input of this nutrient into the 

Baltic Sea environment. It originates from nitrogen emissions from HELCOM countries as well as from 

sources beyond the Baltic Sea catchment area. The reduction of the air emissions of oxidized and 

reduced nitrogen is a subject for the Gothenburg Protocol (revised in 2012) and EU NEC Directive 

2016/2284, and their implementation should lead to a significant reduction of nitrogen inputs to the 

Baltic Sea by 2030. In addition, both the North Sea and the Baltic Sea have been designated as NOx 

Emissions Control Areas (NECAs), starting from January 2021, which will lead to further reductions in 

nitrogen inputs from international shipping emissions. In the Pollutant Load Compilation 7 (PLC-7) 

project of HELCOM the calculated reduction in atmospheric deposition from different emission 

sources in 2030 are used to assess the need for further reduction of waterborne input to fulfil BSAP 

MAI (Maximum Allowable Inputs) and nutrient ceilings country by basin. 

The provision of data on air emissions and the calculation of the resulting deposition of nitrogen are 

tasks regularly fulfilled by EMEP’s scientific centres CEIP (Centre for Emission Inventories and 

Projections) and MSC-W. EMEP is the Co-operative Programme for Monitoring and Evaluation of the 

Long Range Transmission of Air Pollutants in Europe. As a programme under the UN ECE Convention 

on Long-range Transboundary Air Pollution (CLRTAP), EMEP has for many years compiled various data 

on nitrogen air emission from countries and other sources and models the transport and 

transformation of chemical compounds as well as their deposition.  

 

1.2 EMEP MSC-W work for ENIRED II 

Nitrogen deposition to the nine sub-basins of the Baltic Sea, along with source-receptor relationships 

quantifying airborne nitrogen inputs from different countries, are calculated annually by EMEP MSC-

W within the frame of our routine work for HELCOM. Within the HELCOM ENIRED II project, EMEP 

MSC-W was tasked with an additional calculation to quantify how large a reduction in oxidized and 

reduced nitrogen depositions can be achieved by 2030 with respect to the reference year 2005, 

through the implementation of the Gothenburg Protocol / EU NEC Directive. The calculation also 

considered contributions from different countries to the nine sub-basins of the Baltic Sea individually. 



 

The work comprised the following activities: 

 Preparation of updated emissions data (including all HELCOM countries and ship traffic from 

the Baltic Sea and North Sea) for the years 2005 and 2030; 

 Calculation of the reductions in atmospheric nitrogen deposition (oxidized, reduced and total 

nitrogen) to be achieved by 2030 with respect to 2005, according to the requirements of the 

Gothenburg Protocol and the EU NEC Directive; 

 Calculation of the contributions to atmospheric emission of nitrogen to total airborne 

deposition of nitrogen (reduced, oxidized and total nitrogen) on the Baltic Sea and each of its 

sub-basins in 2005 and 2030 from the following 13 emission sources: The 9 HELCOM countries; 

the sum of all EU countries that are not parties to HELCOM; ship traffic in the North Sea; ship 

traffic in the Baltic Sea; and the rest of the world; 

 Meteorological input data should be based on five representative years in the period 2000-

2016. These data should be used for both the 2005 and 2030 calculations, to isolate the effect 

of emission policies. 

 

The following sections describe the input data and the computational method that has been used in 

this study and provide an overview of results mainly in the form of diagrams. More comprehensive 

data tables, containing the entire source-receptor matrices, are provided separately in Excel format. 

The spatially gridded data sets (maps) are saved on EMEP MSC-W’s long-term disk storage facilities on 

netCDF format and can be made available on request. 

 

2. Model Calculations: Setup 

All calculations in this study have been performed with the EMEP MSC-W air quality model. This 

chapter briefly introduces this model, the experimental setup, and the necessary input data for this 

study.  

2.1 EMEP MSC-W model calculations 

The EMEP MSC-W model is a multi-pollutant 3D Eulerian Chemical Transport Model and has been used 

for all nitrogen computations presented here. The model takes into account processes of emissions, 

advection, turbulent diffusion, chemical transformations, wet and dry depositions and inflow/outflow 

of pollutants into/out of the model domain. It is documented in detail in Simpson et al. (2012) and the 

annual chapters on model updates in the EMEP status reports (Tsyro et al., 2014; Simpson et al., 2015; 

2016; 2017; 2018; 2019). 

The model is regularly evaluated against measurements from the EMEP network under the LRTAP 

convention (e.g. Gauss et al., 2018; 2019), but also in a large number of international research projects 

and operational services, for example in the Copernicus Atmosphere Monitoring Service (CAMS, see 

http://www.regional.atmosphere.copernicus.eu/), where evaluation graphs are updated every day, 

and detailed reports are issued on a quarterly bases.  

As in every atmospheric composition model, deviations between model and observations do occur, 

highly variable both in space and time, and these are subject to continuous investigation and model 

http://www.regional.atmosphere.copernicus.eu/


development. Nevertheless, the performance of the EMEP MSC-W model can be considered as state-

of-the-art over a large range of both gaseous species and particulate matter. The transparency of 

EMEP model results and activities is further ensured by the availability of the EMEP model code as 

Open Source at the github repository https://github.com/metno/emep-ctm. In this way, the scientific 

community as well as advanced policy users can check and apply the model themselves, both as a 

research tool and to underpin air quality legislation. 

The EMEP MSC-W model version rv4.33 has been used for the deposition calculations presented here. 

This is the same version as was used for the EMEP Status report 2019 (EMEP, 2019). 

Since we had 2 different emission years to deal with (2005 and 2030), combined with meteorology 

from 5 different years (see section 2.3), we had to do a base run for 2 × 5 = 10 emission/meteorology 

combinations. The method to calculate source-receptor relationships, applied by EMEP MSC-W, then 

proceeds as follows: Reduce the emission of one pollutant in the model and compare the results to 

the base run (where all emissions are included in full) in order to assess the importance of this 

pollutant. This has to be done for all the 5 main pollutants (SOx, NOx, NH3, VOC, PM), all the 13 

considered sources, and all the 10 emission/meteorology combinations separately. We thus had 5 × 

13 × 10 = 650 model simulations, in addition to the 10 base runs mentioned above. 

Given the very large amount of required model simulations, it was decided to run the model on the 

50 × 50 km2 polar-stereographic grid rather than the 0.1° × 0.1° resolution which is currently used for 

the annual routine calculations for the EMEP status reports. Figure 1 shows the domains 

corresponding to both grids. 

 

 

Figure 1: The 50 × 50 km2 polar-stereographic domain (purple) and the new 0.1° × 0.1° lon-lat domain 

(green) used in the EMEP model. The new 0.1° × 0.1° lon-lat domain was used for the first time for the 

EMEP status runs in 2017 (EMEP, 2017), while the old 50 × 50 km2 was used for the present study. 

https://github.com/metno/emep-ctm


The use of this relatively coarse grid implies that the distribution of the emission sources within the 

countries on finer scales than 50 km does not have an influence on the estimates obtained for the 

reduction in deposition. It also implies that the estimates of the reductions achieved for small Baltic 

Sea Basins have larger uncertainties. The definitions of the nine sub-basins in the 50 × 50 km2 polar-

stereographic grid used in this study are visualized in Figures 2 and 3. Figure 3 in particular shows for 

each EMEP 50 × 50 km2 polar-stereographic grid cell how much of it is included in the sub-basin, 

thereby visualizing the boundaries of the sub-basins as the model grid represents them.  

 

 

 
 
 
 
 
 
 

Abbreviation Sub-basin  

 

ARC Archipelago Sea  

BAP Baltic Proper   

BOB Bothnian Bay     

BOS Bothnian Sea      

GUF Gulf of Finland  

GUR Gulf of Riga     

KAT Kattegat          

SOU The Sound         

WEB Western Baltic   

  
 

Figure 2: Names and locations of the nine sub-basins of the Baltic Sea used for all nitrogen deposition 

calculations presented in this report. The original figure with the sub-basins was provided by the Baltic 

Nest Institute (BNI). 

 

  



    

Figure 3a: Percentage of the EMEP grids in Archipelago Sea (left) and Baltic Proper (right) in the 50 × 

50 km2 polar-stereographic grid. 

 

 

    

Figure 3b: Percentage of the EMEP grids in Bothnian Bay (left) and Bothnian Sea (right) in the 50 × 50 

km2 polar-stereographic grid. 



 

Figure 3c: Percentage of the EMEP grids in Gulf of Finland (left) and Gulf of Riga (right) in the 50 × 50 

km2 polar-stereographic grid. 

 

 

    

 

Figure 3d: Percentage of the EMEP grids in Kattegat (upper left), The Sound (upper right), and Western 

Baltic (bottom) in the 50 × 50 km2 polar-stereographic grid. 

  



2.2 Emission data 

 

Emission sources 

In compliance with the contract, thirteen source countries and areas were considered: 

 The nine HELCOM countries; 

 the sum of all EU countries that are not parties to HELCOM; 

 ship traffic in the North Sea; 

 ship traffic in the Baltic Sea; 

 the rest of the world. 

The nine HELCOM countries are Denmark (DK), Estonia (EE), Finland (FI), Germany (DE), Latvia (LV), 

Lithuania (LT), Poland (PL), the Russian Federation (RU)*, and Sweden (SE).  

EU countries that are not parties to HELCOM are labelled ‘EUnonHelcom’ in this study and include 

Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, France, Greece, Hungary, Ireland, Italy, 

Luxemburg, Malta, Netherlands, Portugal, Romania, Spain, Slovakia, Slovenia, and the United 

Kingdom. 

The rest of the world is labelled ‘RoEMEP’ in this study and includes all countries and areas not among 

the countries and areas listed above but included either in full or partially in the EMEP model domain, 

i.e. Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Georgia, Iceland, Kazakhstan, 

Kyrgyzstan, Moldova, Montenegro, North Africa*, North Macedonia, Norway, Serbia, Switzerland, 

Tajikistan, Turkey, Turkmenistan, Ukraine, Uzbekistan, Aral Lake, Black Sea, Caspian Sea, 

Mediterranean Sea, North Atlantic Ocean*, and Remaining Asian areas*. 

 

Reference: year 2005 

Latest emission data for the year 2005 were obtained in June 2019 from the EMEP Centre CEIP and 

are listed in the EMEP Status Report 1/2019 (EMEP 2019, their Tables B:3 and B:5). These emissions 

have been used in our calculations for ENIRED II for all land areas throughout the EMEP model domain 

(marked purple in Fig. 1). For sea areas (i.e. emissions from international shipping) we have used the 

CAMS-GLOB-SHIP data set for 2005, which is based on FMI STEAM 2 and processed for use in EMEP 

models by the EMEP emission centre CEIP. All these emission data are publicly available on the 

WebDab Emission database at https://ceip.at (see under “Emissions as used in EMEP models” there). 

 

Future: year 2030 

For 2030 a different approach had to be used, as CEIP does not provide future emission data. Gridded 

emission data for the year 2030 were obtained from the ECLIPSE v6b CLE data set. ECLIPSE v6b CLE is 

                                                           
* Countries and areas marked by star are not fully included in the EMEP model domain (marked purple in Fig. 

1). Only emissions within the EMEP model domain are included in the model calculations. However, the 

contributions to nitrogen depositions to the Baltic Sea from countries and areas outside the EMEP model domain 

are taken into account through the lateral boundary condition in the model, although these are extremely small. 



a global emission data set on 0.5° × 0.5° resolution, which was recently developed by the International 

Institute for Applied Systems Analysis (IIASA) and is widely used in the scientific community. It is a new 

version of the previous ECLIPSE v5 CLE data set, which was developed in the frame of the EU project 

ECLIPSE (http://eclipse.nilu.no/) and was used in the previous future study of this kind on for HELCOM 

(Bartnicki et al., 2018). To our knowledge, it is the best data set that is readily available for 2030, and 

it is well suited for the purpose of the ENIRED II project. CLE stands for Current Legislation, meaning 

that policies which are already implemented or agreed upon are included in the projection (and fully 

complied with), while future policies that are not yet decided are not included. ECLIPSE v6b is based 

on the IEA World Energy Outlook 2018 New Policies scenario (IEA, 2018). ECLIPSE v6b emission data 

are calculated with the GAINS model†, which for many years has been used for policy analyses under 

the Convention on Long-range Transboundary Air Pollution, for example, for the revision of the 

Gothenburg Protocol, and by the European Commission for the EU Thematic Strategy on Air Pollution 

and the air policy review. A publication about ECLIPSE v6b CLE is underway (Z. Klimont et al., in 

preparation), but some of the methods have already been described in Höglund-Isaksson et al. (2020). 

To ensure full consistency with the NEC directive, the ECLISPE v6b CLE data for 2030 were scaled in 

this study to comply with the percentage changes set by the NEC Directive for all EU countries with 

respect to 2005 (including all HELCOM countries except the Russian Federation), while keeping the 

spatial distribution of emissions unchanged. Percentage changes are listed in Table A of the DIRECTIVE 

(EU) 2016/2284 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 14 December 2016 on the 

reduction of national emissions of certain atmospheric pollutants, which amended Directive 

2003/35/EC and repealed Directive 2001/81/EC. The document is downloadable here (last accessed 

by the authors of this report on 14 January 2020). The calculation for each EU country proceeded as 

follows: 

a) Obtain the latest data on the country’s total emission, as provided by EMEP CEIP for 2005; 

b) calculate the country’s total emission for 2030 by applying the percentage change as specified in 

the NEC directive to the number calculated in (a); 

c) scale the gridded emission data for the country in ECLIPSE v6b CLE for 2030 to match the total 

calculated in (b), using the same factor for all grid cells and emission sectors within the country. 

 

For the Russian Federation (not being part of the EU nor a party to the revised Gothenburg Protocol) 

as well as for all other countries and areas within the EMEP model domain, the gridded ECLIPSE v6b 

CLE data for 2030 were used directly - the only modification being the mass-conserving interpolation 

into the EMEP 50 × 50 km2 polar-stereographic grid. 

For sea areas (i.e. international shipping) a data set provided by the Finnish Meteorological Institute 

(FMI) was used, calculated with FMI’s STEAM model (Jalkanen et al., 2009; 2015) for 2030, provided 

in the frame of the EU project EnviSuM (https://blogit.utu.fi/envisum/), and including regulations such 

as the global sulphur cap on ship fuel from 2020 (‘CAP2020’) and the new NECA (NOx emission control 

area) rules for the Baltic Sea and North Sea effective from 2021, as well as assumptions on growth in 

ship traffic. There are three different factors for future scenarios of ship traffic: changes in vessel size, 

energy efficiency, and vessel count. In the projection done by FMI, and used in our calculation for 

                                                           
† https://www.iiasa.ac.at/web/home/research/researchPrograms/air/GAINS.html 

https://www.iiasa.ac.at/web/home/research/researchPrograms/air/Global_emissions.html
http://eclipse.nilu.no/
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016L2284&from=EN


ENIRED II, these three factors are specified for eleven specified ship types. For example, the annual 

increases in vessel count are assumed to be 1.0% for container and reefer ships, 1.2% for tankers, 

1.0% for passenger ships, 1.0% for passenger cruisers, 1.0% for fishing vessels, 0.5% for service ships 

and pilot vessels, 1.1% for RoPax, 1.1% for RoRo and PCTC, and 0.2% for dry bulk carriers (and 0.5% 

for other ships). 

For energy efficiency, the IMO EEDI (Energy Efficiency Design Index) contributions are considered 

along with other energy saving techniques that are relevant for future shipping. For fleet size 

development, the model randomly replicates the activity of a vessel in each class according to the 

current growth rate. 

The emission totals for 2005 and 2030 emissions of nitrogen are listed in Table 1 and visualized in 

Figure 4. It is, however, important to note that emissions of other species (e.g. sulphur dioxide) were 

modified, too, using the same procedure as for emissions of nitrogen explained above. Due to 

atmospheric chemistry, changes in source-receptor relationships for nitrogen deposition are not only 

due to changes in nitrogen emissions. 

An alternative approach would have been to keep the spatial distribution of emissions fixed, i.e. to 

scale the EMEP CEIP gridded emission data set for 2005 by the NEC directive percentage changes for 

EU countries and to ECLIPSE v6b CLE totals in other countries and regions. However, it is very likely 

that the spatial distribution of emissions changes from 2005 and 2030 so we decided to use the 

gridded ECLIPSE v6b CLE data as a basis (item c in the procedure above). Spatial gridding in the ECLIPSE 

data set is based on a large number of proxies, as described, for example in Li et al., (2018, their Table 

S1). The spatial distribution is based on present-day conditions and does not change in the emission 

data for 2030. Anyway, the change in spatial (horizontal) distribution from 2005 to present-day 

(according to the ECLIPSE data set) has to be kept in mind when interpreting the changes in 

contributions from some countries, especially for the relatively short-lived reduced nitrogen species, 

and for the contribution to individual sub-basins. 

  



 
Oxidized Nitrogen Reduced Nitrogen 

Country/Region 2005 2030 % change 2005 2030 % change 

DE 482 169 -65 527 374 -29 

DK 63 20 -68 73 55 -24 

EE 13 9 -30 8 8 -1 

FI 63 33 -47 31 25 -20 

LT 19 9 -51 26 23 -10 

LV 13 8 -34 12 12 -1 

PL 265 161 -39 267 222 -17 

RU 1140 864 -24 674 595 -12 

SE 56 19 -66 48 40 -17 

BAS 115 49 -57 0 0 0 

NOS 254 98 -62 0 0 0 

EUnonHelcom 2744 947 -66 2399 2005 -16 

RoEMEP 2720 3597 +32 2984 3583 +20 

Table 1: Emissions of oxidized nitrogen and reduced nitrogen (ktonnes(N)/year), and percent changes 

from 2005 to 2030, as used by the EMEP MSC-W model in the calculations for this study. Note that for 

the Russian Federation (RU), the emission change listed here applies only to the part of the country 

that is included in the EMEP model domain (marked purple in Fig. 1). 

 

For the estimated reductions provided in Table 1 there are two issues to consider that influence the 

reductions that can be achieved in 2030. Firstly, the reduction requirements for NOx and NMVOC are 

applied to the national totals of the emissions from 2005 but it is not considered that emissions from 

agricultural traffic (NFR 3) are actually excluded from the reduction requirements (See NEC-Directive 

2016/2284 Article 4 (3d)). Since it is not clear in which direction agricultural NOx-emissions will 

develop, the error bar introduced by not considering this exception is difficult to quantify. A rough 

example calculation for Germany indicates that emissions in 2030 could actually amount to 192 

ktonnes(N)/year rather than 169 ktonnes(N)/year as indicated in the table.  

Secondly, it needs to be considered that the 2005 emissions that serve as the basis for the reduction 

scenario are not fixed and are corrected each year, e.g. due to re-calculations or new sources that are 

incorporated. In recent years there have been particularly large changes in NH3 emissions for 2005. 

An example calculation for Germany shows that the difference in NH3 emissions for 2005 could be up 

to 40 ktonnes(N)/year regarding the latest submissions in 2017, 2018 and 2019. As mentioned above, 

for this calculation we have used the latest available emission data, as required by the ENIRED II 

contract. 

Finally, it has to be noted that a large part of the percentage reductions listed in Table 1 was already 

achieved by 2017, so that the reductions to be expected between present-day and 2030 will likely be 

much smaller. For example, the year 2017 oxidized nitrogen emissions in Finland, Germany, Poland,  

and Sweden were, respectively, 40, 362, 245, and 38 ktonnes(N)/year, corresponding to a percentage 

change of -37%, -25%, -8%, and -33% with respect to 2005. More emission numbers for 2017 are listed 

in EMEP Status Report 1/2019 (EMEP 2019, their Tables B:4 and B:6). 



 

Figure 4: Nitrogen emissions in 2005 (blue bars) and 2030 (red bars). Top panel: Emissions of oxidized 

nitrogen; middle panel: same as top panel, but without bars for ‘EUnonHELCOM’ and ‘RoEMEP’; 

bottom panel: emissions of reduced nitrogen. Unit: ktonnes(N)/year. 
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2.3 Meteorological data 

 

The meteorological data used in this study have been generated by EMEP MSC-W by running the 

ECMWF IFS model cycle 40r1 (see ECMWF model documentation). 

Contributions to nitrogen deposition in the Baltic Sea depend on meteorological conditions, and these 

vary from year to year. Ideally, in order to filter out inter-annual variability in meteorology, the source-

receptor calculations should be done with meteorological data for 30 years, which is the typical time 

scale for climate (long-term average of weather). However, due to the high computational cost of 

source-receptor calculations of this kind, this was not possible within the given time frame and budget. 

It was therefore decided with HELCOM to select 5 representative years within the 2000-2016 period 

and then to perform the source-receptor calculations with meteorological data from these years. This 

is considered to be a good compromise between computational feasibility and accuracy of the results. 

However, the selection of representative years in regard to meteorological conditions is not straight-

forward either. For example, one year can be extreme in one country but close to normal in another 

country. Or it can be extreme in regard to one meteorological parameter (e.g. precipitation) but close 

to normal for another (e.g. temperature). In terms of contributions from an individual emission source 

to nitrogen deposition in the Baltic Sea, some years can be ‘favorable’ for some countries but 

‘unfavorable’ for others. 

For ENIRED II we thus selected the five ‘representative’ years based on transfer coefficients. Transfer 

coefficients in the EMEP source-receptor context are a measure of how much one individual country 

contributes to air pollution or deposition in another country or receptor area (in this case the Baltic 

Sea), per ktonne of emissions. We have considered all source countries and areas to oxidized nitrogen 

and reduced nitrogen in the Baltic Sea within the 2000-2017 period. 2017 was added because the 

transfer coefficients for 2015 had not been calculated by EMEP MSC-W (due to budget restrictions in 

that year), and we needed an uneven number of transfer coefficients to be able to select a unique 

median value. For each source country and area, we thus identified the median among the 17 transfer 

coefficients. For example, for the contribution from Poland to oxidized nitrogen deposition in the Baltic 

Sea the median value occurred in 2002, while the contribution from Germany to reduced nitrogen in 

the Baltic Sea had its median value in 2013. After considering all source countries and areas in this 

way, the 5 years with the most medians were selected. These are 2002, 2005, 2007, 2009, and 2013. 

Source-receptor calculations were thus made with meteorological data for each of these five years: 

One calculation using 2005 emission data, and one calculation using 2030 emission data. 

For each emission year (2005 and 2030), the average result over the five meteorological years (2002, 

2005, 2007, 2009, and 2013) was calculated and reported in the Excel file provided by ENIRED II along 

with this report. The average result over the five meteorological years can be considered as the main 

result of this study. However, the Excel file also contains the minimum and maximum values, in order 

to give some indication of inter-annual variability. This will also be discussed in Section 3.3. 

  

https://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model/cycle-40r1/cycle-40r1


3. Source-Receptor relationships: Results 

 

All results are provided in a separate file in Excel format, including source-receptor relationships for 

each of the five meteorological years and the averages over the five meteorological years (=the main 

result of this study), as well as the minimum and maximum values. In this chapter the average results 

are presented in tables and bar charts, along with some brief discussion. Some remarks on inter-

annual variability are given in Section 3.3. 

Table 2 lists the annual nitrogen depositions in the nine sub-basins for 2005 and 2030 along with the 

percentage change from 2005 to 2030. Substantial reductions can be expected in all sub-basins of the 

Baltic Sea, as a result of the emission reductions from 2005 to 2030. The reduction in reduced nitrogen 

deposition is smaller than the reduction in oxidized nitrogen deposition mainly because the reductions 

in ammonia emissions are smaller. 

 

 
Oxidized nitrogen Reduced nitrogen Total nitrogen 

2005 2030 % change 2005 2030 % change 2005 2030 % change 

BOB 6.3 2,8 -55,8 2.9 1,9 -32,8 9.2 4,7 -48,7 

BOS 14.3 6,4 -55,4 6.1 5,1 -17,0 20.4 11,4 -43,9 

GUF 12.2 6,3 -48,6 5.7 4,7 -17,3 17.9 11,0 -38,6 

GUR 7.6 3,6 -52,9 3.9 3,4 -13,2 11.4 6,9 -39,5 

BAP 90.9 40,4 -55,5 53.7 47,3 -11,9 144.6 87,7 -39,3 

SOU 1.7 0,7 -59,0 1.3 1,1 -11,5 2.9 1,8 -38,5 

KAT 13.0 5,4 -58,3 10.1 8,0 -20,1 23.0 13,4 -41,6 

ARC 5.3 2,5 -53,7 2.6 2,2 -14,3 7.9 4,7 -40,9 

WEB 11.5 4,7 -58,8 12.2 10,9 -10,8 23.7 15,6 -34,0 

sum 162.7 72,7 -55,3 98.4 84,7 -13,9 261.1 157,4 -39,7 

Table 2: Deposition of oxidized, reduced and total nitrogen in the nine sub-basins of the Baltic Sea in 

2005 and 2030 (ktonnes(N)/year), as calculated by the average over the five selected meteorological 

years, along with percentage changes from 2005 to 2030. 

 

Table 3 shows changes in the contributions from different source countries and regions to total 

nitrogen deposition in the nine sub-basins of the Baltic Sea. For most sources these changes reflect 

the reductions in nitrogen emissions. However, there are some exceptions where there is some 

compensation between the effects of (generally large) reductions in oxidized nitrogen emissions and 

the effects of (in some cases very small) reductions in reduced nitrogen emissions. This will be 

explained in some more detail in the next two sub-sections, which present and discuss changes in the 

contributions from different source countries and regions to oxidized and reduced nitrogen deposition 

separately. Nevertheless, the contributions to total nitrogen deposition to the entire Baltic Sea (i.e. all 

sub-basins combined) will all decrease, without exception. 

 

 

 



 DE DK EE FI LT LV PL RU SE BAS NOS 

BOB -56 -54 -18 -49 -34 -19 -36 -24 -62 -51 -65 

BOS -53 -53 -16 -40 -34 -19 -36 -21 -40 -51 -62 

GUF -53 -53 -5 -47 -34 -19 -34 -17 -46 -47 -63 

GUR -51 -51 5 -44 -34 0 -34 -19 -49 -54 -62 

BAP -40 -34 -6 -39 -24 -5 -23 -11 -41 -48 -61 

SOU -41 -20 -20 -46 -28 -19 -29 -18 -31 -38 -58 

KAT -43 -28 -16 -43 -27 -15 -27 -17 -42 -41 -51 

ARC -52 -53 -13 -24 -35 -21 -36 -21 -38 -48 -61 

WEB -26 -15 -21 -47 -27 -19 -26 -21 -44 -49 -56 

Sum -40 -30 -6 -42 -27 -8 -26 -16 -42 -48 -60 

emis -46 -44 -18 -38 -27 -18 -28 -20 -43 -57 -62 

Table 3: Percentage changes from 2005 to 2030 in the contributions from HELCOM countries (and 

Baltic Sea and North Sea shipping) to total nitrogen deposition in each of the nine sub-basins. Emitters 

are listed in the top row (DE, DK, etc.), receptors are listed in the vertical (BOB, BOS, etc.). ‘Sum’ gives 

the percentage change for the sum of contributions from one emitter to all the nine sub-basins. For 

convenience, the last row (‘emis’) shows the percentage change in total nitrogen emissions for each 

emitter. Unit: %. 

 

3.1 Oxidized nitrogen deposition 

This section presents the results for oxidized nitrogen deposition. Tables 4 and 5 summarize the 

absolute and percentage changes in the contributions from the nine HELCOM countries (as well as 

Baltic Sea and North Sea shipping) to the nine sub-basins of the Baltic Sea, to be achieved between 

2005 and 2030 through emission reductions. Figure 5 shows contributions to the Baltic Sea as a whole 

in 2005 and 2030, while Figure 6 shows contributions to the nine sub-basins separately. 

 

 DE DK EE FI LT LV PL RU SE BAS NOS 

BOB -0,31 -0,12 -0,02 -0,69 -0,02 -0,01 -0,13 -0,17 -0,51 -0,37 -0,22 

BOS -0,83 -0,35 -0,05 -0,82 -0,07 -0,04 -0,38 -0,26 -1,15 -1,12 -0,56 

GUF -0,56 -0,20 -0,16 -0,66 -0,09 -0,06 -0,32 -0,69 -0,27 -1,13 -0,29 

GUR -0,57 -0,19 -0,07 -0,16 -0,12 -0,14 -0,36 -0,14 -0,21 -0,66 -0,24 

BAP -9,46 -3,28 -0,17 -0,94 -0,64 -0,30 -4,48 -0,72 -2,55 -6,70 -3,83 

SOU -0,18 -0,15 -0,00 -0,00 -0,00 -0,00 -0,05 -0,00 -0,06 -0,08 -0,09 

KAT -1,13 -0,78 -0,00 -0,03 -0,02 -0,01 -0,28 -0,03 -0,34 -0,55 -0,87 

ARC -0,33 -0,12 -0,02 -0,32 -0,03 -0,02 -0,19 -0,10 -0,24 -0,52 -0,17 

WEB -1,24 -0,59 -0,00 -0,02 -0,02 -0,01 -0,25 -0,03 -0,11 -0,55 -0,76 

Sum -14,6 -5,77 -0,48 -3,63 -1,01 -0,60 -6,44 -2,14 -5,43 -11,7 -7,03 

emis -313 -42,5 -3,83 -29,7 -9,68 -4,38 -103 -276 -36,9 -35,5 -119 

Table 4: Absolute changes from 2005 to 2030 in the contributions from HELCOM countries (and Baltic 

Sea and North Sea shipping) to oxidized nitrogen deposition in each of the nine sub-basins. Emitters 

are listed in the top row (DE, DK, etc.), receptors are listed in the vertical (BOB, BOS, etc.). ‘Sum’ gives 

the absolute change for the sum of contributions from one emitter to all the nine sub-basins. For 

convenience, the last row (‘emis’) shows the absolute change in oxidized nitrogen emissions for each 

emitter. Unit: ktonnes(N)/year. 



Substantial reductions in oxidized nitrogen deposition can be expected in all contributions to all sub-

basins of the Baltic Sea, reflecting, to some extent, the oxidized nitrogen emission reductions in the 

source countries and areas. 

all the top contributors (among HELCOM countries) to oxidized nitrogen deposition in the Baltic Sea 

reduce their emissions substantially, thereby reducing also their contribution, as is clearly shown in 

the lower panel of Figure 5. 

The reduction in the contribution from ‘RoEMEP’ (see Fig. 5, upper panel) can be confusing at first 

sight, given the fact that the emissions from ‘RoEMEP’ as a whole are expected to increase (Table 1). 

A closer look at the emission changes per country within the ‘RoEMEP’ group (not shown here, but 

available on request) reveals that the expected increase in total ‘RoEMEP’ emissions is mainly due to 

increases in East Asia, while emissions in ‘RoEMEP’ countries that are geographically closer to the 

Baltic Sea will decrease, and only these latter countries really matter for nitrogen deposition in the 

Baltic Sea. 

 

 DE DK EE FI LT LV PL RU SE BAS NOS 

BOB -69 -68 -26 -52 -49 -30 -41 -30 -73 -53 -66 

BOS -67 -67 -26 -51 -51 -33 -43 -27 -67 -51 -63 

GUF -66 -67 -32 -54 -51 -35 -40 -31 -62 -47 -64 

GUR -65 -68 -39 -51 -55 -47 -41 -25 -65 -54 -64 

BAP -63 -71 -30 -49 -55 -38 -41 -21 -65 -48 -62 

SOU -61 -70 -33 -50 -52 -37 -44 -25 -78 -35 -57 

KAT -61 -63 -31 -48 -50 -34 -40 -23 -73 -40 -52 

ARC -67 -68 -30 -57 -53 -37 -43 -27 -60 -47 -63 

WEB -57 -69 -35 -50 -52 -37 -41 -27 -68 -43 -56 

Sum -63 -69 -31 -51 -54 -39 -41 -26 -66 -48 -60 

Emis -65 -68 -30 -47 -51 -34 -39 -20 -66 -53 -66 

Table 5: Same as Table 4, but all changes given in percent (%). 

When trying to understand the changes in contributions to individual sub-basins, it has to be kept in 

mind that the source-receptor calculations done for this study consider all emitted species, and not 

only oxidized nitrogen emissions. Due to chemical conversions in the atmosphere and interactions 

between different species, changes in emissions of other species will affect nitrogen deposition, too, 

and thereby the results shown here. Some of the changes may thus appear counter-intuitive when 

judging from changes in nitrogen emissions only. Also, the relatively coarse resolution implies that 

nitrogen deposition in very small sub-basins can be slightly influenced by processes that in reality 

occur on land. 

Another important factor is where the emission reductions occur. Especially in the larger countries, 

the total emission change can be large, but if the changes predominantly occur far away from the 

Baltic Sea, their effect will be small, so that the contribution of that country will change less than the 

change in its total emission may suggest. 

  



 

Figure 5: Contributions to nitrogen depositions in 2005 (blue bars) and 2030 (red bars). Upper panel: 

Deposition of oxidized nitrogen; Lower panel: same as top panel, but without EUnonHELCOM and 

RoEMEP. Unit: ktonnes(N)/year. 
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Figure 6: Contributions to oxidized nitrogen depositions in 2005 (blue bars) and 2030 (red bars) in the 

sub-basins of the Baltic Sea (continued on next two pages). Unit: ktonnes(N)/year. 
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Figure 6: cont’d. 

0

0,5

1

1,5

2

2,5

DE DK EE FI LT LV PL RU SE BAS NOS

kt
o

n
n

es
(N

)/
ye

ar

ox-N deposition: Contributions to Bothnian Sea

0

0,5

1

1,5

2

2,5

3

DE DK EE FI LT LV PL RU SE BAS NOS

kt
o

n
n

es
(N

)/
ye

ar

ox-N deposition: Contributions to Gulf of Finland

0

0,2

0,4

0,6

0,8

1

1,2

1,4

DE DK EE FI LT LV PL RU SE BAS NOS

kt
o

n
n

es
(N

)/
ye

ar

ox-N deposition: Contributions to Gulf of Riga

2005 2030



 

Figure 6: cont’d. 
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3.2 Reduced nitrogen deposition 

This section presents the results for reduced nitrogen deposition. Table 6 lists the absolute changes in 

the contributions from the nine HELCOM countries to the nine sub-basins of the Baltic Sea, to be 

achieved between 2005 and 2030 through emission reductions‡. Figure 7 shows contributions to the 

Baltic Sea as a whole in 2005 and 2030, while Figure 8 shows contributions to the nine sub-basins 

separately. 

As decreases in reduced nitrogen emissions to be expected by 2030 are smaller than those in oxidized 

nitrogen emissions, the contributions from the various countries to reduced nitrogen deposition in 

the Baltic Sea will decrease by a smaller amount. In some cases, contributions even increase although 

the emissions of reduced nitrogen decrease. As in the case of oxidized nitrogen discussed in Section 

3.1 this can sometimes be counter-intuitive, but is partly due to non-linearities in atmospheric 

chemistry. For example, emissions of oxidized nitrogen can locally lead to decreases in reduced 

nitrogen deposition, as much of the reduced nitrogen is converted into ammonium nitrate, which has 

a longer lifetime and is more readily transported over larger distances (referred to as ‘lifetime effect’ 

hereafter). Sulphur emissions also have a slightly decreasing effect on reduced nitrogen deposition. 

As a result, reductions in oxidized nitrogen and sulphur emissions (or generally lower concentrations 

of oxidized nitrogen and sulphur) can lead to increases in reduced nitrogen deposition locally, unless 

they are overwhelmed by substantial reductions in reduced nitrogen emissions.  

 

 DE DK EE FI LT LV PL RU SE BAS NOS 

BOB -0,09 -0,03 0,00 -0,39 -0,01 0,00 -0,07 0,00 -0,20 0,01 0,00 

BOS -0,23 -0,09 0,00 -0,19 -0,02 0,00 -0,19 0,01 -0,01 0,03 0,01 

GUF -0,16 -0,05 0,11 -0,56 -0,02 0,00 -0,16 0,23 -0,04 0,04 0,00 

GUR -0,16 -0,04 0,08 -0,03 -0,04 0,14 -0,17 0,02 -0,06 0,02 0,00 

BAP -2,18 0,10 0,12 -0,07 0,03 0,22 -0,92 0,27 -1,12 0,29 0,06 

SOU -0,08 0,03 0,00 0,00 0,00 0,00 -0,01 0,00 -0,01 0,00 0,00 

KAT -0,55 -0,79 0,00 0,00 0,00 0,00 -0,07 0,00 -0,19 0,04 0,06 

ARC -0,09 -0,03 0,01 0,03 -0,01 0,00 -0,10 0,01 -0,01 -0,01 0,00 

WEB -0,89 -0,08 0,00 0,00 0,00 0,00 -0,04 0,00 -0,02 -0,01 0,09 

Sum -4,43 -0,98 0,32 -1,22 -0,07 0,37 -1,73 0,54 -1,67 0,42 0,23 

emis -153 -17.5 -0.08 -6,14 -2,57 -0,13 -45,4 -78,4 -8,11 0,00 0,00 

Table 6: Absolute changes from 2005 to 2030 in the contributions from HELCOM countries to reduced 

nitrogen deposition in each of the nine sub-basins. Emitters are listed in the top row (DE, DK, etc.), 

receptors are listed in the vertical (BOB, BOS, etc.). ‘Sum’ gives the absolute change for the sum of 

contributions from one emitter to all the nine sub-basins. For convenience, the last row (‘emis’) shows 

the absolute change in ammonia emissions for each emitter. Unit: ktonnes(N)/year.  

 

                                                           
‡ Percentage changes are not shown for reduced nitrogen since some of the contributions are negative in the reference year 
2005. By 2030 these become either more negative or less negative, leading to negative percentage change in the former 
case (although the absolute change is positive) and to positive percentage change in the latter case (although the absolute 
change is negative), making percentage changes misleading. 



This is illustrated, for example, by the (small) contribution from Estonia to reduced nitrogen deposition 

in the Gulf of Riga located nearby (Figure 8, 6th panel). Reductions in emissions of ammonia from 

Estonia from 2005 to 2030 are rather minor (Table 1), while reductions in emissions of oxidized 

nitrogen and sulphur dioxide are large, leading to a net increase in the contribution to reduced 

nitrogen deposition from Estonia to the Gulf of Riga. Another illustrating example is the generally 

negative contribution of ship emissions to reduced nitrogen deposition, although this sector does not 

emit any reduced nitrogen at all. This effect is due to emissions of oxidized nitrogen (and to a lesser 

extent sulphur), leading to a reduction in the deposition of any reduced nitrogen that has been 

emitted from other sources. By 2030 this effect becomes smaller, mainly because of reductions in NOx 

emissions from shipping. The negative contribution from shipping will thus become less negative 

(Figure 7, upper panel), as is also reflected by the positive absolute change listed for BAS and NOS in 

Table 6. 

The lifetime effect is more pronounced for countries located to the east of the Baltic Sea, connected 

with the predominantly eastward direction of atmospheric transport. Regarding contributions from 

countries west of the Baltic Sea (e.g. Denmark) even the longer-lived species will still be deposited on 

the Baltic Sea, so that the compensating effect of oxidized nitrogen emission reductions is weaker in 

that case. 

Another important factor is the location where ammonia reductions from 2005 to 2030 occur, as 

ammonia has a relatively short lifetime in the atmosphere. For example in the case of the Russian 

Federation, there are some coastal regions in the Baltic Sea where ammonia emission increase 

according to the emission data sets used in this study, although the total emission from the country is 

expected to decrease from 2005 to 2030. 

 

  



 

Figure 7: Contributions to nitrogen depositions in 2005 (blue bars) and 2030 (red bars). Upper panel: 

Deposition of reduced nitrogen; Lower panel: same as top panel, but without BAS and NOS 

contributions. Unit: ktonnes(N)/year. 
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Figure 8: Contributions to reduced nitrogen depositions in 2005 (blue bars) and 2030 (red bars) in 

the sub-basins of the Baltic Sea (continued on next two pages). Unit: ktonnes(N)/year. 

-0,1

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

DE DK EE FI LT LV PL RU SE BAS NOS

kt
o

n
n

es
(N

)/
ye

ar

red-N deposition: Contributions to Archipelago Sea

-2

0

2

4

6

8

10

12

14

16

DE DK EE FI LT LV PL RU SE BAS NOS

kt
o

n
n

es
(N

)/
ye

ar

red-N deposition: Contributions to Baltic Proper

-0,1

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

DE DK EE FI LT LV PL RU SE BAS NOS

kt
o

n
n

es
(N

)/
ye

ar

red-N deposition: Contributions to Bothnian Bay

2005 2030



 

Figure 8: cont’d. 
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Figure 8: cont’d. 
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3.3 Remarks on inter-annual variability and uncertainties 

As explained in Section 2.3, source-receptor calculations for ENIRED II have been performed with 

meteorological data from five different years, and then averaged, in order to filter out inter-annual 

variability at least to some degree. The results for all meteorological years are retained in the Excel 

file submitted along with this report. Figure 9 visualizes the importance of meteorology by showing 

both the minimum, average and maximum values of oxidized and reduced nitrogen deposition at the 

example of 2005 emissions. Although the range is not very large, it is not negligible, thus justifying the 

use of more than one meteorological year.  

 

Figure 9: Minimum, average, and maximum contributions to oxidized (top) and reduced (bottom) 

nitrogen deposition on the Baltic Sea in the five meteorological years considered in this study. Unit: 

ktonnes(N)/year.  
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Finally, Figure 10 illustrates the importance of inter-annual variability for a large contribution (large 

emitter, large receptor area, short distance, ‘downwind’) in comparison to its importance for a small 

contribution (small emitter, small receptor area, long distance, ‘upwind’). The former is a more 

‘robust’ contribution, so that meteorology causes a smaller variation, while for the latter, meteorology 

leads to a larger spread, mainly because of the larger distance and due to the location of the receptor 

area being west of the emitter area, which is against the average wind direction. The importance of 

distance between source and receptor for the contribution (i.e. transfer coefficient) is also illustrated 

by the small variability in the BAS contribution (to BAS deposition) shown in Figure 9, as the source 

and receptor region in this case are identical. 

 

 

Figure 10: Contributions to oxidized nitrogen deposition in the five meteorological years considered 

in this study. Upper panel: Contribution from Germany to the entire Baltic Sea; lower panel: 

contribution from Estonia to The Sound. Unit: ktonnes(N)/year in the upper panel, tonnes(N)/year in 

the lower panel. 
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4. Conclusions 

 

In order to assess the benefits of emission reductions between the reference year 2005 and the future 

year 2030, a large number of source receptor calculations has been performed with the EMEP MSC-

W model on EMEP’s 50 × 50 km2 polar-stereographic grid. Calculations were done for the two emission 

years 2005 and 2030, and for five different meteorological years, to filter out inter-annual variability. 

Performing these simulations on ‘only’ 50 × 50 km2 resolution and for ‘only’ five meteorological years 

was a necessary tradeoff between accuracy and computational feasibility (available CPU resources). 

 

The main conclusions from the study can be formulated as follows: 

 Large reductions can be achieved in oxidized nitrogen deposition to the Baltic Sea by 2030, 

thanks to emission reductions in all HELCOM countries (incl. the Russian Federation), as well as 

other EU countries and reductions in emissions from international shipping; 

 Increases in oxidized nitrogen emissions in some ‘Rest of World’ countries compensate only to 

a negligible extent, given the large distance of those areas; 

 All contributions from individual countries/regions (and shipping) to the Baltic Sea and its sub-

basins decrease; 

 Deposition of reduced nitrogen will be reduced by a smaller amount, but still substantially, 

reflecting the smaller reductions that will be achieved in reduced nitrogen emissions by 2030; 

 Contributions from individual countries to the Baltic Sea and its sub-basins decrease in most 

cases; however there are cases where it increases, partly due to chemical interactions caused 

by decreases in other emissions (especially oxidized nitrogen) and partly due to changes in the 

spatial distribution of ammonia emissions within the HELCOM countries; 

 Inter-annual variability is not large, at least not for the most important contributions, and could 

be effectively filtered out in this study by using meteorological data from 5 different years; 

 It has to be noted that part of the percentage reductions between 2005 and 2030 have already 

occurred so that reductions to be achieved between now and 2030 will be smaller than the ones 

with respect to 2005 (which are subject to this report); 

 An Excel file containing all source-receptor results is made available along with this report and 

files with gridded data (on netCDF format) have been stored and can be made available on 

request. 
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