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1. Introduction 

Calculations of airborne deposition of nitrogen to the Baltic Sea are routinely performed by the 

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

HELCOM. When major updates in necessary input data or improvements in the computational 

methods and tools occur, trends in deposition are re-calculated backwards in time with improved 

accuracy, based on the most recent knowledge and state-of-science. This implies that best estimates 

for nitrogen deposition may change over time also for periods in the past. 

In particular, airborne nitrogen depositions for the reference period 1997-2003, as calculated and 

reported to HELCOM in autumn 2019, turned out to be larger than the values calculated and submitted 

to HELCOM in an earlier trend report submitted in 2012. 

The key reasons which have caused the increase in calculated nitrogen deposition were presented by 

EMEP MSC-W at the Ninth Meeting the Seventh Baltic Sea Pollution Load Compilation (PLC-7) Project 

Implementation Group (PLC-7 IG 9-2019) in Helsinki on 16 December 2019. The Meeting invited EMEP 

MSC-W to submit a short paper in the beginning of 2020, explaining the main factors of changes and 

their contribution to the increase of the deposition data. 

2. Differences in N-deposition 

Calculated normalized nitrogen depositions covering the 1997-2003 period were submitted to 

HELCOM by EMEP MSC-W in 2012. Seven years later, in 2019, all emission data for oxidized and 

reduced nitrogen were revised in the EMEP programme (following new submissions by countries for 

the entire trend period 1990 to present), so that new trend calculations could be performed by EMEP 

MSC-W in 2019 also for the reference period 1997-2003. Table 1 lists the results from both the old 

and the new reports, along with the differences which are subject to this short report. 

 

Year 
Oxidized nitrogen Reduced nitrogen Total nitrogen 

ver2012 ver2019 %-diff ver2012 ver2019 %-diff ver2012 ver2019 %-diff 

1997 135 201 49 109 116 7 243 318 31 

1998 132 195 48 110 115 5 240 310 29 

1999 128 190 48 107 112 5 234 301 29 

2000 121 186 53 99 109 10 220 295 34 

2001 121 181 49 99 109 10 219 290 32 

2002 117 178 52 97 106 10 213 284 34 

2003 117 178 52 95 104 10 211 282 34 

Table 1: Oxidized, reduced, and total nitrogen depositions during the reference period 1997 to 2003, 

as calculated and reported to HELCOM in 2012 (‘ver2012’) and in 2019 (‘ver2019’), given in 

ktonnes(N)/year. Also shown is the percentage change from ‘ver2012’ to ‘ver2019’. 



3. Overview of main reasons for changes in the results 

Changes in model results over time usually reflect new scientific knowledge, improved input data, 

improved parameterizations, and increases in available CPU power. The main reasons for changes can 

be grouped into 

(a) changes in emission data (e.g. following new official reports by countries, identification of new 

sources, updates in activity data, emission factors, new science on natural emissions, etc.); 

(b) changes in  meteorological data (e.g. changes in the numerical weather prediction model used 

to drive the chemistry transport model, changes in the number of years and the period used 

for the ‘normalization’, i.e. the years over which calculated depositions are averaged); 

(c) EMEP MSC-W model updates, following new science (e.g. inclusion of new chemical or 

microphysical processes, improved parameterizations, improved land-use data, removal of 

coding errors, etc.); 

(d) Spatial resolution (of the model calculations themselves, the diagnostics, sub-basin and 

country boundary definitions). 

Items (a) and (b) are largely beyond the control of EMEP MSC-W, but as one of the scientific centers 

under the EMEP programme, we rely on emission data provided by the EMEP Centre on Emission 

Inventories and Projections (CEIP) who in turn base their data on officially reported data from the 

countries and on gap-filling done by experts. For meteorological data we use the model which, 

according to our knowledge, performs best for pan-European applications. 

Items (c) and (d) are within the control of EMEP MSC-W, and follow at any time the latest science, best 

current knowledge and latest developments in available CPU power. Table 2 lists the key information 

about the calculations done for HELCOM in 2012 and 2019.  

 Calculations done in 2012 Calculations done in 2019 

Emission data provided by EMEP CEIP in 2009, 
based on data reported by 
countries in 2009 

provided by EMEP CEIP in 2019, 
based on data reported by 
countries in 2019 

Ship emissions based on work done by ENTEC and 
IIASA (see e.g. Cofala et al., 2017) 

based new (2019) work done by 
FMI and EMEP CEIP 

Meteorology 1997-1999: HIRLAM numerical 
weather prediction model, 2000-
2003: HIRLAM or ECMWF IFS. 

ECMWF IFS numerical weather 
model, version cy40r1 

EMEP model version as documented in Simpson et al. 
(2012) 

rv4.34, documented in Simpson et 
al.( 2012), but including numerous 
updates described in  Tsyro et al. 
(2014) and  Simpson et al. (2015, 
2016, 2017, 2018, 2019) 

Model domain, grid 
resolution and 
projection 

old EMEP domain (purple outline in 
Fig. 4), on a 50 x 50 km2 polar-
stereographic grid 

new EMEP domain (green outline 
in Fig. 4) on a 0.1° x 0.1°regular lat-
lon grid 

Table 2: Key information on model runs for the reference period 1997-2003, done for HELCOM in 2012 

and in 2019. (IIASA = International Institute for Applied Systems Analysis; ENTEC = Entec UK ltd.; 

ECMWF = European Centre for Medium-Range Weather Forecasts; HIRLAM = High Resolution Limited 

Area Model; FMI = Finnish Meteorological Institute.) 



4. Emission data 

Based on our knowledge and experience we estimate that the change in the emission data contributes 

the largest change to the model results.  

In 2012, when the ‘old’ model simulations were done, the latest emission data for the 1990s was from 

2009 provisions from EMEP CEIP (‘rep2009’), and the latest emission data for the early 2000s was from 

2012 provisions from CEIP (‘rep2012’). In 2019, when the ‘new’ model simulations were done, the 

latest emission data for the reference period 1997-2003 was based entirely on 2019 provisions from 

CEIP (‘rep2019’). 

Tables 3 and 4 list the emission data for oxidized and reduced nitrogen, respectively, while Figures 1 

and 2 show the percentage difference between ‘rep2009’ and ‘rep2019’ emission data for the years 

of the reference period. For most emitters the numbers have increased considerably. There are only 

a few exceptions (e.g. Sweden for oxidized nitrogen, and Denmark and Lithuania for reduced 

nitrogen). 

For better judgement of the importance of changes in reported emissions, Figure 3 shows the 

percentage contributions from different countries and regions to oxidized nitrogen deposition in the 

Baltic Sea, as calculated in the ENIRED-II project for the year 2005 (i.e. using 2005 emissions). Although 

these percentage contributions are not exactly the same as for the reference period 1997-2003 this 

figure is shown here for illustration, as it should give an approximate indication for the reference 

period as well. 

The oxidized nitrogen emission estimates have increased considerably for many countries and areas, 

especially for the important contributors ‘BAS’ and ‘NOS’ (international shipping on the Baltic Sea and 

North Sea) and ‘TOT’ (all emissions reported within the EMEP model domain), and we assume that 

this makes the single most important contribution to the changes in results. Also for reduced nitrogen 

emissions, there are large increases in the emission estimates, but not as large as in the case of 

oxidized nitrogen. Multiplying the changes in emission from the different source countries/regions by 

the indicative contributions from Figure 3 (as weighting factors) we estimate that about half of the 

change in calculated oxidized nitrogen deposition can be attributed to emission change. For reduced 

nitrogen, the estimation is more difficult because contributions from some countries/regions can be 

negative, and the location of emissions and changes in the gridding play a larger role. However, as 

seen in Table 1, the calculated deposition of reduced nitrogen has not increase by too much anyway, 

and can to a large degree be explained by the increases (for most emitters) in emissions of reduced 

nitrogen as shown in Figure 2. 

Unfortunately, it has not been possible to clarify if the runs made in 2012 used ‘rep2009’ or ‘rep2012’ 

data for the years 2000 to 2003, but we assume that, for consistency, only ‘rep2009’ was used for the 

entire reference period. In any case, this should have no importance for the conclusions as the 

differences to ‘rep2019’ for most emitters are large and positive anyway. 

 

 

 

  



 

 

 1997 1998 1999 2000 2001 2002 2003 

DK 

rep2009 244 221 205 188 184 181 189 

rep2012 - - - 199 199 197 205 

rep2019 278 258 240 227 225 222 230 

DE 

rep2009 1976 1940 1916 1855 1763 1674 1605 

rep2012 - - - 1925 1848 1768 1713 

rep2019 2046 2022 1996 1945 1868 1792 1736 

EE 

rep2009 40 39 35 37 38 40 39 

rep2012 - - - 38 40 41 42 

rep2019 51 49 44 45 47 47 48 

FI 

rep2009 259 251 247 235 220 208 218 

rep2012 - - - 201 211 201 215 

rep2019 271 257 252 241 244 242 248 

LT 

rep2009 63 65 57 49 47 51 53 

rep2012 - - - 47 44 51 53 

rep2019 70 70 62 56 58 59 59 

LV 

rep2009 41 39 37 34 38 37 38 

rep2012 - - - 36 39 39 39 

rep2019 47 43 42 40 43 42 44 

PL 

rep2009 1114 991 953 838 848 796 808 

rep2012 - - - 838 805 796 808 

rep2019 1030 942 914 852 829 798 818 

RU 

rep2009 2423 2542 2577 2457 2582 2698 3105 

rep2012 - - - 3119 3355 3349 3646 

rep2019 3285 3346 3407 3361 3455 3549 3801 

SE 

rep2009 250 242 230 217 211 206 203 

rep2012 - - - 205 196 191 187 

rep2019 235 227 220 216 206 198 194 

BAS 

rep2009 281 288 296 303 311 318 327 

rep2012 - - - 276 281 287 292 

rep2019 368 379 398 408 400 397 392 

NOS 

rep2009 605 620 636 652 668 685 703 
rep2012 - - - 649 662 675 688 
rep2019 820 843 885 907 895 877 860 

TOT 

rep2009 22828 22574 22188 21593 21515 21343 21809 

rep2012 - - - 23577 23639 23112 23461 

rep2019 27856 27833 27663 27569 27632 27657 28017 

Table 3: Emissions of oxidized nitrogen in different countries, as reported by EMEP CEIP in 2009 

(‘rep2009’), in 2012 (‘rep2012’), and in 2019 (‘rep2019’) for the different years in the reference period 

1997-2003. BAS and NOS stand for international shipping in the Baltic Sea and the North Sea. TOT 

means total emissions in the entire EMEP model domain. Unit: ktonnes(NO2)/year. Note that 

emissions for the 1990s were not reported in 2012.  



 

 

 

Figure 1: Percentage differences between the 'old' to 'new' emission data for oxidized nitrogen in the 

reference period 1997 to 2003, calculated as (‘new’-‘old’)/‘old’)*100. ‘old’ and ‘new’ correspond to 

‘rep2009’ and ‘rep2019’ in Table 3. 
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 1997 1998 1999 2000 2001 2002 2003 

DK 

rep2009 110 111 106 105 104 102 98 

rep2012 - - - 91 89 88 87 

rep2019 104 104 99 97 95 94 93 

DE 

rep2009 636 644 650 646 659 649 648 

rep2012 - - - 602 608 596 590 

rep2019 653 662 662 662 669 654 651 

EE 

rep2009 11 11 10 9 9 9 10 

rep2012 - - - 10 10 9 10 

rep2019 10 10 9 9 10 9 10 

FI 

rep2009 38 35 33 33 33 33 33 

rep2012 - - - 37 36 37 38 

rep2019 36 35 37 34 34 35 36 

LT 

rep2009 38 40 41 43 45 46 47 

rep2012 - - - 25 45 51 34 

rep2019 31 30 28 27 27 29 30 

LV 

rep2009 14 13 12 12 14 13 14 

rep2012 - - - 13 15 14 15 

rep2019 16 15 14 14 15 15 15 

PL 

rep2009 349 369 340 321 328 325 323 

rep2012 - - - 322 328 325 323 

rep2019 355 359 349 331 336 334 318 

RU 

rep2009 743 688 670 663 638 613 613 

rep2012 - - - 1008 994 954 954 

rep2019 1016 946 946 967 936 905 899 

SE 

rep2009 62 61 59 58 57 57 56 

rep2012 - - - 59 56 55 56 

rep2019 62 62 60 60 59 59 59 

TOT 

rep2009 7406 7387 7330 7284 7277 7236 7223 

rep2012 - - - 8513 8363 8173 8140 

rep2019 9634 9618 9714 9818 9809 9642 9715 

Table 4: Emissions of reduced nitrogen in different countries, as reported by EMEP CEIP in 2009 

(‘rep2009’), in 2012 (‘rep2012’), and in 2019 (‘rep2019’) for the different years in the reference period 

1997-2003. TOT means total emissions in the entire EMEP model domain. Unit: ktonnes(NH3)/year. 

Note that emissions for the 1990s were not reported in 2012. 

 

 

 

 

 

 

 



 

 

Figure 2: Percentage differences between the 'old' to 'new' emission data for reduced nitrogen in the 

reference period 1997 to 2003, calculated as (‘new’-‘old’)/‘old’)*100. ‘old’ and ‘new’ correspond to 

‘rep2009’ and ‘rep2019’ in Table 4. 
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Figure 3: Percentage contributions from different countries and regions to oxidized nitrogen 

deposition in the Baltic Sea, as calculated in the ENIRED-II project for the year 2005 (i.e. using 2005 

emissions). BAS and NOS stand for international shipping in the Baltic Sea and the North Sea. ‘others’ 

means all other countries and regions. 

 

  



5. Model domain and resolution 

Another factor that influences results is the model domain and the resolution. Figure 4 shows the 

different domains used in the old calculations and in the new ones, after the official EMEP grid had 

been changed. 

 

 

 

Figure 4: The 50 × 50 km2 polar-stereographic domain (purple) used in the 2012 calculation, and the 

new 0.1° × 0.1° lon-lat domain (green) used in the 2019 calculation. The new 0.1° × 0.1° lon-lat domain 

was used for the first time for the EMEP status runs in 2017 (EMEP, 2017), possible thanks to advances 

in available CPU power. 

 

The definitions of the sub-basins as ‘seen’ in the 50 × 50 km2 polar-stereographic used in the 2012 

calculation and in the new 0.1° × 0.1° lon-lat grid used in 2019 are visualized in Figures 5 and 6 at the 

example of ‘Baltic Proper’ and ‘Western Baltic’. For each grid cell the figures show how much of the 

grid cell is within the respective sub-basin, thereby visualizing the boundaries of the sub-basins as the 

model grid represents them. As is clearly seen, the 50x50 grid cells can be ‘contaminated’ by processes 

that occur on land. A higher resolution, as was used in 2019 can better avoid this and therefor give 

more accurate results. The effect was calculated in the ENIRED-II project, where we so increases in ox-

N deposition of about 1% and in re-N deposition of almost 2%. In other words, this effect can explain 

about 2% of the changes in ox-N deposition (which are about 50% as seen in Table 1), and about 20% 

of the changes in re-N deposition (which are about 9% as seen in Table 1).  

  



 

 

    

 

Figure 5: Percentage of the EMEP grids in the sub-basin ‘Baltic Proper’. Top panel: 50 × 50 km2 polar-

stereographic grid (used in 2012); bottom: 0.1° × 0.1° longitude-latitude grid. 

 

 

  



 

 

 

 

Figure 6: as Figure 5, but for the sub-basin ‘Western Baltic’. 

  



6. Model updates and meteorological input data 

Since 2012 the driving meteorological model has changed from HIRLAM to ECMWF as far as data for 

the 1990s are concerned (see Table 2). HIRLAM and ECMWF are completely different numerical 

weather prediction models. However, from our experience with nitrogen deposition on the spatial 

and temporal scales of concern here (annual means, regional scale) we can say that the uncertainty in 

meteorology is slightly less important than uncertainties in the chemistry transport model.  

The EMEP MSC-W model has been updated many times since 2012 (for references see Table 2), and 

some updates have affected nitrogen chemistry (e.g. the update of N2O5 hydrolysis rates in 2016). 

However, model updates are always checked against observations. The EMEP MSC-W model is 

thoroughly evaluated at least once a year against measurements, and four times per year in the 

Copernicus Atmosphere Monitoring Service. We have benchmarking routines in place that ensure that 

model updates are accepted only when they improve model performance (or at least do not worsen 

it). We can thus be confident that the 2019 version of the EMEP MSC-W model performs much better 

than the version that was used in 2012, and it is based on more advanced science, as more processes 

are included, so that the likelihood of ‘giving the right answers for the wrong reasons’ is much smaller. 

Unfortunately, it is difficult to exactly quantify the influence of the model version and the 

meteorological input data on the difference between results reported to HELCOM in 2012 and 2019, 

as this would require carefully designed model re-runs, for example with the old EMEP MSC-W model 

version using new emission data, or with the new EMEP MSC-W model version using old 

meteorological data, etc. 

It is not uncommon in software development that backward compatibility is not guaranteed for many 

years back in time. For example, the old model version that was used in 2012 or even earlier, would 

not easily run on computers and with libraries of nowadays. The same applies to emission data, now 

given in different emission categories than in 2012. Although it might after all be possible to modify 

the old model code to be run with new emission data and meteorological data, as well as on the new 

grid, this would imply considerable model development work (several weeks), re-processing of input 

data, etc., and probably not give results very different from the estimate that can be given based on 

the numbers in Chapters 4 and 5. 

We therefore agreed with PLC not to commission such a study but rather give expert estimates based 

on the emission numbers and the considerations on resolution mentioned in the previous section. 

7. Conclusions 

Results of calculations of nitrogen deposition can change over time, even for past periods, because of 

changes in input data and in computational methods. It is, however, very difficult to exactly quantify 

the importance of the various factors contributing to changes between very recent reports and reports 

that were submitted several years ago. In particular it is not straight-forward to quantify the effect of 

updates in the EMEP MSC-W model that have occurred over a 7-year period of time, and of updates 

in (or changes of) the driving meteorological model. 

Based on expert estimates and on the numbers given in Section 4 and 5, we think that about half of 

the change in calculated nitrogen deposition can be attributed to changes in the emission data, while 

about 20% of the change are due to changes in meteorological data and resolution, and 30% are due 

to EMEP model updates (mainly the refined nitrogen chemistry in 2016). Giving a more accurate and 



robust estimate would require considerable software modifications and amount to about one month 

of work. 

However, given on our regular QA/QC procedures (model evaluation and benchmarking) we can claim 

with confidence that the current model version is more accurate than the version that was used in 

2012. The emission data are beyond EMEP MSC-W’s control, but we strongly believe that also the 

emission data submitted in 2019 are more reliable than the data which were used in 2012. 

Nevertheless, EMEP modelling efforts will always follow further advances in science as well as 

improvements in input data, so that further changes in results are likely to occur also in the future. 
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