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Introduction 
This document includes a draft scientific report on the assessment of progress towards national reduction 
targets by 2014. The assessment is one of several products elaborated in the frame of the PLC-6 project, 
also supported by the HECLOM PLUS and the HELCOM MAI CART OPER projects and in-kind contribution 
from several institutes and PLC-6 project participants. 

Overall the following main product has been or will be produced in connection with the PLC-6 project: 

• Statistical method report (published in 2013): http://dce2.au.dk/pub/TR33.pdf 
• Laboratory intercalibration report (published in 20xx): http://dce2.au.dk/pub/TR27.pdf 
• Assessment on the progress towards maximum allowable inputs of nutrients (MAI) (published in 

2017): http://helcom.fi/baltic-sea-trends/indicators/inputs-of-nutrients-to-the-subbasins 
• CART policy message (see PREESURE 7-2017 doc. 5-9) 
• Scientific report on progress towards CART (the present document) 
• Reallocation of extra reductions to basins with remaining reduction (see PRESSURE 7-2017 doc. 5-2) 
• Sources and pathways of nutrient inputs (see PREESURE 7-2017 doc. 5-7) 
• Evaluation of effectiveness of measures (see PREESURE 7-2017 doc. 5-5) 
• Hazardous substances (see PRESSURE 7-2017 doc. 5-1) 
• Inputs for the seven big rivers to the Baltic Sea (see PRESSURE 7-2017 doc. 5-6) 
• Executive summary (with the main results from the above product, to be elaborate when the other 

products are drafted)  

Due to late reporting of PLC-6 data and late establishment of the PLC-6 assessment data set this report 
includes only: 

• Draft of the report outline 
• Key results presented in tables and figures with caption (chapter 4) 
• Section with evaluation of the three CART assessment methodologies (chapter 5.2 which in the 

present version includes part of chapter 3) – this was a document prepared by the project manager 
for the CART workshop in October 2017 

• Section on reallocation of extra reductions – from a document prepared by Bo Gustafsson to the 
CART workshop in October 2017 

• Reference to figures with presentation of the actual and normalized net inputs, flow, trend lines 
and input ceilings country per basin, pr. country and per Baltic Sea basin (Annex 1)  

• In a separate file all the main CART assessment results are included (Annex 2) 

http://dce2.au.dk/pub/TR33.pdf
http://dce2.au.dk/pub/TR27.pdf
http://helcom.fi/baltic-sea-trends/indicators/inputs-of-nutrients-to-the-subbasins
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• Annex 3 containing the supplementary paper to the CART Policy message elaborated for HOD53 
2017 explaining the link between MAI, CART, national input ceilings and influence on changed 
reference inputs on CART, and providing detailed result of the CART assessment with the trend 
methodology. 

The scientific report will provide detyails of the assessment calculations including specific discussion on 
identification of the break points, follow up of changes in airborn input, transboundary and border rivers 
etc. 

The document also contains attachment containing assessment of national inputs of nutrients to the 
Baltic by 3 methods.  

Action requested 

The Meeting is invited to discuss the overall structure of the scientific report and provide feedback regaring 
its content.  

The Meeting is also invited to discuss and provide suggestions regarding interfaces of the WEB based PLC-6 
products. 

The Meeting is further invited to discuss needs for further discussions and scientific considerations of the 
scientific report. 
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Draft scientific report on the evaluation of the progress towards CARTs 
 
Provisional outline 
 

The title below is provisional title and the authors list is by no mean the final one 

“Scientific basis to follow-up of the progress of HELCOM BSAP nutrient reduction 
scheme “ 

By Lars M. Svendsen, Bo G. Gustafsson, Søren E. Larsen, Alexander Sokolov, Pekka Kotilainen …… 
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1. Summary 

2. Background 

3. Methods 
3.1 MAI, CART and Nutrient ceilings 
3.2 Nutrient input data set 

3.2.1 Filling in gaps 
3.2.2 Normalization of riverine and atmospheric nitrogen deposition 
3.2.3 Transboundary input time-series 
3.2.4 Creating net input time-series 

3.3 Trend analysis 
3.4 Assessment methodologies including uncertainty estimation methods 
3.5 Reallocation of extra reductions 

4. Results 
4.1 Nutrient input time series and trend analysis 
4.2 Changes in inputs since reference period 
4.3 Progress towards MAI 

4.4 Progress towards input ceilings (CART) 

5. Discussion 
5.1 Assessment results 
5.2 Evaluation of the assessment methodologies (trend, vs. 3, 5 year average) 
5.3 Evaluation of uncertainties   

6. Recommendations 

7. References 

8. Annexes (including links to detailed assessment results, figures and 
tables country pr. basin, pr. country and pr. basin) 
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4. Results 
 In this section some main results are given. 

In annex 1 is presented the assessment data set with the annual net nitrogen and phosphorus input time 
series for 1995-2014 including normalized inputs, trend lines and input ceilings country per basin per basin 
and per countries. 

In annex 2 is presented per country for each basin the result of the assessment of progress towards CART 
with the three applies methodologies:  

• assessing the recent nitrogen inputs as the average of normalized total inputs 2010-14 (5 year 
mean) 

• assessing the recent nitrogen inputs as the average of normalized total inputs 2012-14 (3 year 
mean) 

• assessing the recent nitrogen inputs in 2014 by linear regression when significant trend is found in 
the 1995-2014 time series (or in the section of the time series after the most recent break point) or 
as an average if no trend is found in the time series (trend method) 

It is evaluated if the estimated recent inputs + estimated uncertainty on these inputs = “the test value” in 
the rows “C: Inputs xxxx including uncertainty (test value)” is higher or lower than the input ceiling country 
per basin. When the test value is bigger than the input ceiling there is a remaining reduction – and the 
remaining reduction is in the rows “Remaining reduction to fulfil MAI” in Annex 2. This correspond to the 
red cells in tables 1a-c and 2a-c below. When the test value is lower than the inputs ceiling the country has 
an extra reduction to the basin and the results in in the rows “Extra reduction (A – C). This corresponds to 
the green cells in table 1a-c and 2a-c below.  

If the estimated recent input is lower than the input ceiling but the estimated input + the estimated 
uncertainty is higher than the inputs ceilings we can’t with statistical certainty evaluated if the inputs 
ceilings are fulfilled and the cells in tables 1a-c and 2a-c are yellow.  

 

 

Table 1a: Assessment of fulfilment of CART for total nitrogen assessed based on recent inputs estimated as 
the average of 2010-14 net inputs. Red cells: estimated inputs including uncertainty > inputs ceiling. Yellow: 
Fulfilment of CART cannot be justified within statistical certainty. Green:  CART is fulfilled med 96 % 
statistical certainty. 

 = only airborne input to the basin 

 = only transboundary waterborne inputs to the basin 

↑ ↓ input since the reference period (1997-2003) is significantly higher (↑ ) or lower (↓) 
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Table 1b As table 1a but assessing recent total net nitrogen inputs as the average of 2012-14. 

 
  

5 years - TN
Country/basin BOB BOS BAP GUF GUR DS KAT
Denmark ↓ ↓ ↓ ↓ ↓ ↓ ↓
Estonia ↓ ↓ ↓ ↓
Finland ↓ ↓ ↓ ↓
Germany ↓ ↓ ↓ ↓ ↓ ↓
Latvia ↓ ↓ ↓ ↓ ↓
Lithuania ↓ ↓ ↓ ↑ ↓ ↓
Poland ↓ ↓ ↓ ↓ ↓ ↓ ↓
Russia ↑ ↓
Sweden ↓ ↓ ↓ ↓ ↓ ↓
Belarus ↓
Czech Republic
Ukraine ↑
Baltic Sea shipping ↓ ↓ ↓ ↓ ↓ ↓ ↓
Other countries ↓ ↓ ↓ ↓ ↓ ↓ ↓
MAI ↓ ↓ ↓ ↓ ↓

3 years - TN
Country/basin BOB BOS BAP GUF GUR DS KAT
Denmark ↓ ↓ ↓ ↓ ↓ ↓ ↓
Estonia ↓ ↓ ↓ ↓
Finland ↓ ↓ ↓ ↓
Germany ↓ ↓ ↓ ↓ ↓ ↓ ↓
Latvia ↓ ↓ ↓ ↓ ↓
Lithuania ↑ ↓
Poland ↓ ↓ ↓ ↓ ↓ ↓
Russia ↑ ↓
Sweden ↓ ↓ ↓ ↓ ↓ ↓
Belarus ↓
Czech Republic
Ukraine ↑
Baltic Sea shipping ↓ ↓ ↓ ↓ ↓ ↓ ↓
Other countries ↓ ↓ ↓ ↓ ↓ ↓ ↓
MAI ↓ ↓ ↓ ↓ ↓
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Table 1c As table 1a but assessing 2014 total net nitrogen inputs with the trend assessment method. 

Trend - TN        
Country/basin BOB BOS BAP GUF GUR DS KAT 
Denmark ↓ ↓ ↓ ↓ ↓ ↓ ↓ 
Estonia ↓   ↓ ↓ ↓ ↓   
Finland     ↓ ↓ ↓ ↓ ↓ 
Germany ↓ ↓ ↓ ↓ ↓ ↓ ↓ 
Latvia ↓ ↓ ↓       ↓ 
Lithuania   ↓ ↑         
Poland ↓ ↓ ↓ ↓ ↓ ↓ ↓ 
Russia   ↓ ↑   ↓ ↓ ↓ 
Sweden ↓ ↓ ↓ ↓ ↓ ↓ ↓ 
Belarus   ↓  ↓   
Czech Republic         
Ukraine   ↑     
Baltic Sea shipping ↓ ↓ ↓ ↓ ↓ ↓ ↓ 
Other countries ↓ ↓ ↓ ↓ ↓ ↓ ↓ 
MAI ↓ ↓ ↓ ↓   ↓ ↓ 

 

  

 Table 2a. As tables 1a but for total posphorus. 

   

  

5 years - TP
Country/basin BOB BOS BAP GUF GUR DS KAT
Denmark ↓ ↓
Estonia ↓ ↓
Finland ↓ ↓
Germany
Latvia
Lithuania ↓ ↓
Poland
Russia ↑ ↓ ↑
Sweden ↓ ↓ ↓
Belarus ↓ ↑
Czech Republic ↓
Ukraine ↑
Baltic Sea shipping
Other countries
MAI ↓ ↓ ↓
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Table 2b. As tables 1a but for total posphorus. 

  

 

Table 2c. As tables 1c but for total posphorus. 

  

 

We have calculated the significant changes in total nitrogen (tables 3a-c) and total phosphorus (table 4a-c) 
since the reference for the three assesment methods. In tables 3a-c and 4a-c only significant changes are 
shown. 

3 years - TP
Country/basin BOB BOS BAP GUF GUR DS KAT
Denmark ↓ ↓
Estonia ↓
Finland ↓ ↓
Germany ↓
Latvia
Lithuania ↓ ↓
Poland
Russia ↑ ↓ ↑
Sweden ↓
Belarus ↑
Czech Republic ↓
Ukraine ↑
Baltic Sea shipping
Other countries
MAI ↓

Trend - TP
Country/basin BOB BOS BAP GUF GUR DS KAT
Denmark ↓ ↓ ↓
Estonia ↓ ↓ ↓
Finland ↓ ↓
Germany ↓ ↓
Latvia
Lithuania ↓ ↓
Poland
Russia ↑ ↓ ↑
Sweden ↓ ↓ ↓ ↓
Belarus ↑
Czech Republic ↓
Ukraine ↑
Baltic Sea shipping
Other countries
MAI ↓ ↓ ↓ ↓
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Table 3.a Changes in total nitrogen inputs in percentages since the reference period whit recent inputs 
estimated with the 5 year mean method. Only significant changes are shown. Negative values indicates 
significant decrease in inputs since the reference period. - = change not significant. 

5 years - TN         
Country/basin BOB BOS BAP GUF GUR DS KAT BAS 

Denmark -37 -36 -30 -37 -36 -24 -20 -23 
Estonia -7,5 - -16 - - -9,3 -8,0 - 
Finland - - -25 - -25 -28 -28 - 

Germany -23 -23 -17 -23 -22 - -18 -16 
Latvia -15 -14 - -12 - -16 -16 - 
Lithuania -8,7 -8,3 - -8,3 27 -8,9 -8,7 - 
Poland -8,7 -8,7 -14 -8,7 -8,6 -8,7 -8,7 -14 

Russia - - 10 - -21 - - - 
Sweden -18 -12 -18 -26 -24 - -21 -17 
Belarus - - - - -24 - - -17 
Czech Republic - - - - - - - - 

Ukraine - - 103 - - - - 103 
Baltic Sea shipping -5,7 -5,7 -5,7 -5,7 -5,7 -5,7 -5,7 -5,7 
Other countries -8,7 -8,4 -7,5 -7,4 -6,3 -6,9 -6,9 - 

BAS -8,3 -13 -12 - - -18 -21 -12 
 

Table 3b. As table 3.a but with the 3 year mean method. 

3 years - TN         
Country/basin BOB BOS BAP GUF GUR DS KAT BAS 

Denmark -40 -39 -31 -40 -39 -22 -19 -23 

Estonia -9,4 - -12 - - -12 -10 - 
Finland - - -28 - -28 -31 -31 - 
Germany -24 -23 -19 -23 -23 -21 -18 -20 
Latvia -15 -13 - -11 - -16 -15 - 

Lithuania - - - - 28 -9,4 - - 
Poland -11 -11 -17 -11 -11 - -11 -16 
Russia - - 10 - -19 - - - 
Sweden -18 -13 -18 -27 -26 - -22 -18 

Belarus - - - - -22 - - -18 
Czech Republic - - - - - - - - 
Ukraine - - 110 - - - - 110 
Baltic Sea shipping -5,4 -5,4 -5,4 -5,4 -5,4 -5,4 -5,4 -5,4 

Other countries -9,0 -8,6 -7,7 -7,3 -6,3 -7,0 -7,1 -7,6 

BAS -9,0 -14 -14 - - -21 -21 -13 
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Table 3c. As table 3.a but with the trend. 

Trend - TN         
Country/basin BOB BOS BAP GUF GUR DS KAT Total 

Denmark -43 -42 -33 -42 -41 -20 -17 -21 

Estonia -3,3 - -11 -17 -11 -6,4 - -14 
Finland - - -30 -17 -30 -33 -33 -10 
Germany -23 -22 -20 -22 -21 -23 -16 -21 
Latvia -10 -7,3 10 - - - -10 - 

Lithuania - -6,3 24 - - - - 22 
Poland -15 -15 -21 -15 -14 -15 -15 -21 
Russia - -2,2 5 - -21 -3,4 -2,9 - 
Sweden -21 -17 -14 -25 -23 -8,4 -21 -18 

Belarus - - -16 - -24 - - -21 
Czech Republic - - - - - - - - 
Ukraine - - 101 - - - - 101 
Baltic Sea shipping -5,4 -5,4 -5,4 -5,4 -5,4 -5,4 -5,4 -5,4 

Other countries -10 -10 -8,5 -7,8 -6,9 -7,6 -7,9 -8,4 

BAS -11 -15 -15 -11 - -21 -15 -15 
 

Table 4a. As table 3.a but for total phosphorus. 

5 years - TP         
Country/basin BOB BOS BAP GUF GUR DS KAT Total 

Denmark - - -12 - - - -12 -9 
Estonia - - - -29 -31 - - -30 
Finland -9,6 - - -10 - - - - 

Germany - - - - - - - - 
Latvia - - - - - - - - 
Lithuania - - -42 - -68 - - -45 
Poland - - - - - - - - 

Russia - - 23 -41 35 - - -35 
Sweden - -23,1 -14 - - -16 - - 
Belarus - - -8,6 - 35 - - - 
Czech Republic - - -28 - - - - -28 

Ukraine - - 259 - - - - 259 
Baltic Sea shipping - - - - - - - n.i. 
Other countries - - - - - - - - 

BAS - - -13 -37 - - -10 -17 
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Table 4b. As table 4.b but for total phosphorus. 

3 years -TP         
Country/basin BOB BOS BAP GUF GUR DS KAT Total 

Denmark - - -15 - - - -12 - 

Estonia - - - -45 - - - -39 
Finland -11 - - -13 - - - - 
Germany - - - - - -15 - -14 
Latvia - - - - - - - - 

Lithuania - - -49 - -66 - - -51 
Poland - - - - - - - - 
Russia - - 24 -56 37 - - -49 
Sweden - - -13 - - - - - 

Belarus - - - - 37 - - - 
Czech Republic - - -22 - - - - -22 
Ukraine - - 300 - - - - - 
Baltic Sea shipping - - - - - - - n.i. 

Other countries - - - - - - - - 

BAS - - - -51 - - - -19 
 

Table 4c. As table 4.c but for total phosphorus. 

Trend - TP         
Country/basin BOB BOS BAP GUF GUR DS KAT Total 

Denmark - - -12 - - -4,8 -9,7 -7,1 
Estonia - - -29 -60 -36 - - -51 
Finland -20 - - -17 - - - -12 

Germany - - -8,6 - - -22 - -16 
Latvia - - - - - - - - 
Lithuania - - -55 - -68 - - -56 
Poland - - - - - - - 8,7 

Russia - - 20 -52 47 - - -46 
Sweden - -32 -12 - - -7,2 -8,4 -14 
Belarus - - - - 47 - - - 
Czech Republic - - -22 - - - - -22 

Ukraine - - 453 - - - - 453 
Baltic Sea shipping - - - - - - - n.i. 
Other countries - - - - - - - - 

Total - -12 - -49 - -8,3 -8,5 -13 
 

 

In the PLC6 assessment dataset the normalized input in the reference period (average 1997-2003) was 
967,850 tons TN and 38,156 tons TP, respectively. Compared with the Ministerial Declaration from 2013 
reference inputs has increased with about 57,500 tons TN (6.3%) and 1,260 tons TP (3.4%) – see table 5a 
and 5b. The main reasons are: 
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• EMEP has changed their models calculating atmospheric nitrogen deposition. This change has 
raised atmospheric inputs with between 20-30 % annually and to 280,000 tons N in the reference 
period from 234,000 tons N used for the Ministerial Declaration from 2013 to the Baltic Sea. This 
explains the main changes for TN. 

• In the PLC6 assessment individual rivers are flow normalized (all rivers that have a complete time 
series with annual flows during 1995-2014). For the Ministerial Declaration and the first CART 
assessment flow and riverine load was aggregated per sub-basin before flow normalization. The 
changed methods provides a better normalization per river, but it is not expected that it changes 
TN and TP riverine inputs systematically up- or downward for the Baltic Sea, but it changes results 
from individual rivers, and provide more consistent data. 

• By adding two extra years to the time series as compared with the data set for Ministerial 
Declaration and the first CART assessment the normalization will also give slightly different change 
normalized inputs as compared with former normalized inputs. It is not expected that inputs will 
change systematically up- or downward due to normalization on longer time series for the Baltic 
Sea but it will change results from individual rivers, and provide more consistent data 

• Some contracting parties have re-reported parts of or the complete data set 1995-2014 for riverine 
inputs and/or direct inputs. Often some missing data including missing direct sources have been 
reported, and they replace some of the data gaps/estimated data made by the PLC team. Further 
inputs from some unmonitored areas have been recalculated by updated or new models – e.g. for 
Kaliningrad region, unmonitored areas to GUF and for Denmark, which results in changed reported 
inputs. 

• New validation and data gaps filling have been performed and some estimated have been change 
based on new knowledge and a longer time series. 

 

 
Table 5a. Changes in reference inputs 1997-2003 for total nitrogen in the PLC6 data set as 
compared with the corresponding inputs from the Ministerial declaration   
TN BOB BOS BAP GUF GUR DS KAT BAS 

DE 200 791 7660 428 362 806 1362 11610 
DK 66 228 1187 96 90 -543 241 1365 
EE 22 72 112 845 225 3 4 1283 
FI 1151 909 334 815 41 8 13 3273 

LT 11 36 -3096 61 477 9 18 -2485 
LV 18 73 1403 76 -10029 6 9 -8444 
PL 81 392 1583 292 278 216 314 3156 
RU 168 404 1545 6413 2621 37 59 11245 

SE 658 1025 663 136 93 -78 374 2871 
BY   264  7792   8056 
UA   -375     -375 
CZ   -318     -318 

OC 540 1698 13560 917 722 2224 3186 22848 
BSS 158 468 1946 257 162 174 256 3421 

All 3073 6096 26467 10337 2834 2863 5835 57504 
 

Table 5b. As table 6a but for total phosphorus.   
TP BOB BOS BAP GUF GUR DS KAT BAS 

DE   -5   -3  -6 
DK   18   26 -33 11 
EE   0 39 5   44 
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FI 55 -4  26    78 

LT   -106  95   -10 
LV   56  367   423 
PL   -36     -36 
RU   -191 1328 -80   1057 

SE 30 59 -4   -2 10 93 
BY   0  -350   -350 
UA   -15     -15 
CZ   -28     -28 

OC 0 0 0 0 0 0 0 1 
BSS                 

All 86 56 -310 1393 39 21 -22 1262 
 

Changed reference inputs have an impact on the CART. If reference input to a basin is e.g. 20 tons P higher 
than in the Ministerial Decalration 2013, the CART to this vasin also increases with 20 tons P. As the MAI 
and the input ceiling to the basin remain unchanged from the Ministerial Declaration 2013. This is the 
reason why some Contracting Parties in tables 7a-c and 8 a-c can have remaining reduction higher than 100 
% of the input ceilings even if they have make significant reductions in teh net inputs since the reference 
period. 

Table 6a. Remaining reduction to fulfil nitrogen input express as percentages of the input ceiling. Negative 
percentages indicates that recent inputs are below inputs ceilings. Uncertainty are not taken into account. 
Recent inputs estimates with the 5 year mean method.  

5 years               

Country/basin BOB BOS BAP GUF GUR DS KAT 

Denmark -21 -24 0 -11 -22 -29 -17 
Estonia 12 11 13 9 -8 -2 11 
Finland 0 11 11 7 -15 -23 -14 

Germany -5,9 -8,0 28 12 -4,5 -11 18 
Latvia 6,3 4,8 61 36 -19 0 19 
Lithuania -1,8 -6,7 26 25 35 1,3 20 
Poland 0,9 -1,0 10 26 8,2 3,6 19 

Russia 21 19 58 23 59 13 34 
Sweden -16 -14 6 3 -10 -21 -18 
Belarus - - 23 - 67 - - 
Czech Republic - - 18 - - - - 

Ukraine - - 118 - - - - 
Baltic Sea shipping 579 523 500 540 509 472 537 
Other countries 33 31 42 34 33 37 51 

BAS -3,4 -5,9 21 19 -2,3 -14 -9,3 
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Table 6b. As table 6a but with the 3 year mean method.  

3 years               
Country/basin BOB BOS BAP GUF GUR DS KAT 

Denmark -24 -27 -3 -15 -25 -28 -17 

Estonia 9,5 9,1 19 2,0 -7,7 -4,6 8,7 
Finland -1,0 -12 7,0 4,4 -18 -26 -17 
Germany -6,5 -9 26 11 -4,9 -22 18 
Latvia 7,9 5,5 64 38 -28 0,3 19 

Lithuania -2,7 -7,3 33 24 36 0,7 20 
Poland -1,7 -3,5 7 22 5,5 0,9 16 
Russia 20 19 58 21 64 13 33 
Sweden -17 -16 6 1,3 -12 -20 -19 

Belarus - - 15 - 73 - - 
Czech Republic - - 12 - - - - 
Ukraine - - 126 - - - - 
Baltic Sea shipping 581 525 501 541 510 473 539 

Other countries 31 29 39 32 31 34 48 

BAS -4,1 -6,9 20 16 -7,5 -18 -10 
 

Table 6c. As table 6a but with the trend method.  

Trend               

Country/basin BOB BOS BAP GUF GUR DS KAT 

Denmark -27 -30 -6,8 -18 -28 -26 -14 
Estonia 9 8 7,0 -6,9 -14 -4,0 8,4 

Finland -4,9 -6,4 4,7 1,3 -19 -28 -19 
Germany -6,1 -8,2 22 12 -4,5 -18 21 
Latvia 6,6 4,2 72 35 -20 0,9 18 
Lithuania -4,9 -10 33 20 27 -2,0 16 

Poland -3,0 -4,8 11 21 4,1 -0,5 15 
Russia 18 16 59 15 67 10 30 
Sweden -21 -17 4,2 3,4 -10 -22 -23 
Belarus - - 9 - 77 - - 

Czech Republic - - 20 - - - - 
Ukraine - - 148 - - - - 
Baltic Sea shipping 586 530 506 546 515 478 544 
Other countries 26 24 34 28 27 27 41 

BAS -8,1 -10 21 13 2,3 -17 -12 
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Table 7a. As table 6a but for total phosphorus. 

5 years - TP        
Country/basin BOB BOS BAP GUF GUR DS KAT 

Denmark - - 221 - - -3,4 -16 

Estonia - - 135 63 -19 - - 
Finland 18 -37 - 98 - - - 
Germany - - 149 - - -2,9 - 
Latvia - - 334 - 78 - - 

Lithuania - - 52 - -44 - - 
Poland - - 135 - - - - 
Russia - - 152 53 -1,6 - - 
Sweden -30 7,5 135 - - -18 -9 

Belarus - - 150 - -2,8 - - 
Czech Republic - - 78 - - - - 
Ukraine - - 729 - - - - 
Baltic Sea shipping - - - - - - - 

Other countries 0 0 0 0 0 0 0 

BAS -2,0 -10 112 55 14 -4,0 -12 
 

Table 7b. As table 6b but for total phosphorus. 

3 years               

Country/basin BOB BOS BAP GUF GUR DS KAT 

Denmark - - 212 - - -2,5 -15 
Estonia - - 113 27 -17 - - 
Finland 16 -34 - 91 - - - 

Germany - - 134 - - -15 - 
Latvia - - 301 - 101 - - 
Lithuania - - 32 - -41 - - 
Poland - - 148 - - - - 

Russia - - 154 15 -0,3 - - 
Sweden -35 3,9 136 - - -18 -10 
Belarus - - 150 - -1,5 - - 
Czech Republic - - 94 - - - - 

Ukraine - - 824 - - - - 
Baltic Sea shipping - - - - - - - 
Other countries 0 0 0 0 0 0 0 

BAS -4,9 -10 118 22 21 -6,2 -12 
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Table 7c. As table 6c but for total phosphorus. 

Trend - TP        
Country/basin BOB BOS BAP GUF GUR DS KAT 

Denmark - - 213 - - -3,6 -17 

Estonia - - 119 35 -17 - - 
Finland -11 -0,6 - 101 - - - 
Germany - - 147 - - -12 - 
Latvia - - 299 - 88 - - 

Lithuania - - 33 - -70 - - 
Poland - - 138 - - - - 
Russia - - 170 -13 -11 - - 
Sweden 9,2 -28 129 - - -21 -8,3 

Belarus - - 172 - -12 - - 
Czech Republic - - 108 - - - - 
Ukraine - - 826 - - - - 
Baltic Sea shipping - - - - - - - 

Other countries 0 0 0 0 0 0 0 

BAS -3,5 -10 103 -1,6 9,3 -5,3 -13 
 

Table 8a. Changes in net inputs of total nitrogen. In the column “Change 1995-2014”: normalized inputs in 
2014 compared with corresponding inputs in 1995. Column “Change ref.-2012-14” estimates changes in 
recent inputs estimated with the 3-year mean since the reference period. The column “Change ref.-2010-
14” is the corresponding changes with the 5-year mean and the right column with the trend method. Only 
significant changes are shown. All numbers are percentage- Negative numbers are reductions since the 
reference period. - = no significant change. 

TN Change Change Change Change 

  
1995-
2014 

ref.-2012-
14 

ref.-2010-
14 ref_T2014 

By -23 -18 -17 -21 
CZ - - - - 
DE -25 -20 -16 -21 
DK -36 -23 -23 -21 
EE -23 - - -14 
EU -42 -33 -31 -35 
FI - - - -10 
LT - - - 22 
LV - - - - 
OC -11 -7,6 -7,5 -8,4 
PL -26 -16 -14 -21 
RU - - - - 
SE -23 -18 -17 -18 
SS - -5,4 -5,7 -5,4 
UA 339 110 103 101 
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Table 8b. As table 8a but for total phosphorus. 

TP Change Change Change Change 

  
1995-
2014 

ref.-2012-
14 

ref.-2010-
14 ref_T2014 

By 21 - - - 
CZ -45 -22 -28 -22 
DE -21 -14 - -16 
DK -20 - -8,6 -7,1 
EE -38 -39 -30 -51 
EU -   - 
FI -14 - - -12 
LT -58 -51 -45 -56 
LV - - - - 
OC - 0 0 - 
PL -28 - - 9 
RU -40 -49 -35 -46 
SE -21 - - -14 
SS -   - 
UA -2477 - 259 453 

 

 

Table 8c. As tables 8.a but for basins. 

TN Change Change Change Change 

  
1995-
2014 

ref.-2012-
14 

ref.-2010-
14 ref_T2014 

BP -23 -14 -12 -15 
BB - -9,0 -8,3 -11 
BS -16 -14 -13 -15 
DS -31 -21 -18 -21 
GF - - - -11 
GR - - - - 
KT -29 -21 -21 -20 
BAS -19 -13 -12 -15 
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Table 8d. As tables 8.b but for basins. 

TP Change Change Change Change 

  
1995-
2014 

ref.-2012-
14 

ref.-2010-
14 ref_T2014 

BP -27 - -13 - 
BB - - - - 
BS -21 - - -12 
DS -20 - - -8,3 

GF -38 -51 -37 -49 
GR - - - - 
KT -18 - -10 -8,5 
BAS -24 -19 -17 -13 

 

 

Table 8e. As table 8.a but for both total nitrogen and total phosphorus and for country per basin. 

    TN TN TN TN TP TP TP TP 

  Change Change Change Change Change Change Change Change 
    1995-2014 ref.-2012-14 ref.-2010-14 ref_T2014 1995-2014 ref.-2012-14 ref.-2010-14 ref_T2014 
BY BP - - - -16 - - -9 - 
BY BB -   - -   - 
BY SS -   - -   - 
BY DS -   - -   - 
BY GF -   - -   - 
BY GR -36 -22 -24 -24 82 37 35 47 
BY KT -   - -   - 
CZ BP - - - - -45 -22 -28 -22 
CZ BB -   - -   - 
CZ BS -   - -   - 
CZ DS -   - -   - 
CZ GF -   - -   - 
CZ GR -   - -   - 
CZ KT -   - -   - 
DE BP -24 -19 -17 -20 -22 - - -8,6 
DE BB -35 -24 -23 -23 -   - 
DE BS -35 -23 -23 -22 -   - 
DE DS -25 -21 - -23 -20 -15 - -22 
DE GF -35 -23 -23 -22 -   - 
DE GR -34 -23 -22 -21 -   - 
DE KT -29 -18 -18 -16 -   - 
DK BP -43 -31 -30 -33 -28 -15 -12 -12 
DK BB -50 -40 -37 -43 -   - 
DK BS -49 -39 -36 -42 -   - 
DK DS -38 -22 -24 -20 -18 - - -4,8 
DK GF -50 -40 -37 -42 -   - 
DK GR -49 -39 -36 -41 -   - 
DK KT -30 -19 -20 -17 -23 -12 -12 -10 
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EE BP -17 -12 -16 -11 -32 - - -29 
EE BB -13 -9,4 -7,5 -3,3 -   - 
EE BS -12 - - - -   - 
EE DS -14 -12 -9,3 -6,4 -   - 
EE GF - - - -17 -33 -45 -29 -60 
EE GR - - - -11 -42 - -31 -36 
EE KT -14 -10 -8,0 - -   - 
EU BP -42 -50 -47 - -   - 
EU BB -42 -52 -49 - -   - 
EU BS -41 -50 -47 - -   - 
EU DS -43 -52 -49 - -   - 
EU GF -41 -50 -47 - -   - 
EU GR -41 -49 -46 - -   - 
EU KT -43 -52 -49 - -   - 
FI BP -38 -28 -25 -30 -   - 
FI BB - - - - -18 -11 -10 -20 
FI BS - - - - - - - - 
FI DS -42 -31 -28 -33 -   - 
FI GF - - - -17 -14 -13 -10 -17 
FI GR -38 -28 -25 -30 -   - 
FI KT -42 -31 -28 -33 -   - 
LT BP - - - 24 -55 -49 -42 -55 
LT BB -17 - -8,7 - -   - 
LT BS -17 - -8,3 -6,3 -   - 
LT DS -17 -9,4 -8,9 - -   - 
LT GF -17 - -8,3 - -   - 
LT GR 39 28 27 - -73 -66 -68 -68 

LT KT -17 - -8,7 - -   - 
LV BP - - - 10 67 - - - 
LV BB -26 -15 -15 -10 -   - 
LV BS -25 -13 -14 -7,3 -   - 
LV DS -27 -16 -16 - -   - 

LV GF -23 -11 -12 - -   - 
LV GR - - - - - - - - 
LV KT -26 -15 -16 -10 -   - 
OC BP -11 -7,7 -7,5 -8,5 -   - 
OC BB -14 -9,0 -8,7 -9,9 -   - 

OC BS -14 -8,6 -8,4 -9,5 -   - 
OC DS - -7,0 -6,9 -7,6 -   - 
OC GF -13 -7,3 -7,4 -7,8 -   - 
OC GR -12 -6,3 -6,3 -6,9 -   - 

OC KT - -7,1 -6,9 -7,9 -   - 
PL BP -26 -17 -14 -21 -28 - - - 
PL BB -19 -11 -8,7 -15 -   - 
PL BS -19 -11 -8,7 -15 -   - 
PL DS -20 - -8,7 -15 -   - 

PL GF -19 -11 -8,7 -15 -   - 
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PL GR -19 -11 -8,6 -14 -   - 

PL KT -19 -11 -8,7 -15 -   - 
RU BP 13 10 10 5,2 21 24 23 20 
RU BB - - - - -   - 
RU BS - - - -2,2 -   - 

RU DS - - - -3,4 -   - 
RU GF - - - - -43 -56 -41 -52 
RU GR -32 -19 -21 -21 82 37 35 47 
RU KT - - - -3 -   - 

SE BP -24 -18 -18 -14 -16 -13 -14 -12 
SE BB -20 -18 -18 -21 -   - 
SE BS -15 -13 -12 -17 -32 - -23 -32 
SE DS -34 - - -8 -26 - -16 -7,2 

SE GF -40 -27 -26 -25 -   - 
SE GR -38 -26 -24 -23 -   - 
SE KT -26 -22 -21 -21 -16 - - -8 
SS BP - -5,4 -5,7 -5,4 -   - 

SS BB - -5,4 -5,7 -5,4 -   - 
SS BS - -5,4 -5,7 -5,4 -   - 
SS DS - -5,4 -5,7 -5,4 -   - 
SS GF - -5,4 -5,7 -5,4 -   - 

SS GR - -5,4 -5,7 -5,4 -   - 
SS KT - -5,4 -5,7 -5,4 -   - 
UA BP 339 110 103 101 -2477 300 259 453 
UA BB -   - -   - 

UA BS -   - -   - 
UA DS -   - -   - 
UA GF -   - -   - 
UA GR -   - -   - 

UA KT -   - -   - 

 
3.5 Reallocation of extra reductions 

The followed principles agreed to be used for a test case on the PLC6 CART assessment results are: 

1. Accounting should be based on countries individually 

This implies that countries can plan and implement measures across basins at their own discretion as 
long as it results in conforming to CART after accounting of extra reduction is performed. 

2. Countries could claim accounting for missing reductions even if MAI is exceeded due to 
inputs from other countries 

No country should need to wait for any other country before claiming themselves fulfilment of CART. 

3. Any relocation of measures should lead to at least the same environmental 
improvement as if CART were implemented 

This is imperative for the GES to be achieved eventually. Inevitably, using extra reductions will lead to 
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less inputs than MAI as seen as a total for the Baltic Sea, but its distribution need to be such that GES 
will be achieved everywhere. 

4. The effect of extra reductions on neighboring basins with missing reductions should be 
estimated given that these are minor deviations from MAI 

The Baltic Sea is a strongly perturbed system and hence, functioning quite different today compared to 
how it will function when measures been implemented and status approach GES. The whole calculation 
of MAI is taking this into account and when deviations to MAI are to be analysed, it should be done 
assuming that we are close to GES. 

5. Accounting for extra reductions in connection with CART follow-up assessments are to 
be performed in a uniform way supervised by RedCore DG 

Accounting for extra reductions should be included in the regular CART assessment using a common 
and harmonized methodology. RedCore DG is the forum that supervises development of methodology 
and, after appropriate approval, implementation of this in the assessment. 

6. The Archipelago Sea phosphorus input reductions should be accounted in the Finnish 
CART for Gulf of Finland (cf. BSAP 2007) 

Already in BSAP 2007, Finland pointed out that models failed to separate the Archipelago Sea from 
Bothnian Sea and that this should be taken into account at a later stage. Also in the 2013 revision of the 
nutrient reduction scheme, model limitations failed to address separate MAI calculations for the 
Archipelago Sea. However, within the context of accounting for extra reduction can be an opportunity 
to take into account separately the nutrient inputs to Archipelago Sea from the remaining Bothnian Sea 
inputs. 

7. In the context of extra reduction accounting, reductions of phosphorus to Baltic Proper 
could be accounted as input reduction in Gulf of Finland 

In the calculations of MAI, the most limiting targets affecting the distribution of MAI for phosphorus 
were the winter nutrient concentrations in the Baltic Proper. Strictly following the principle of 
“maximum” inputs, led to a situation where this gave an optimal solution resulting in removal of virtually 
all phosphorus inputs to the Baltic Proper and barely any reductions to Gulf of Finland.  This solution 
clearly violated the principle of cost-efficiency so additional calculations based on cost functions for 
phosphorus input reductions were performed to distribute reductions between Baltic Proper and Gulf 
of Finland in a cost-efficient way. The obtained MAI results in conforming to phosphorus target in Baltic 
Proper, but in Gulf of Finland the resulting phosphorus concentrations will be significantly less than 
target. In line with this, it could be argued for states having phosphorus inputs both to Baltic Proper and 
Gulf of Finland, that extra reductions to Baltic Proper could be deducted from missing reductions in Gulf 
of Finland with 100% efficiency. However, one should keep in mind that the MAI for nitrogen to Gulf of 
Finland was determined from applying the HEAT approach, balancing nitrogen and phosphorus 
concentrations, so if MAI for phosphorus to Gulf of Finland is not achieved fully additional reductions 
on nitrogen inputs might be necessary. 

8. Following the precautionary principle, extra reduction accounting cannot be used to 
purposely increase inputs to a basin 

Although accounting of extra reductions is based current scientific knowledge and modelling, it comes 
with significant uncertainty and will sooner or later be subject of improvement. Therefore, it would be 
a risk for the environment to increase inputs to basins based on this methodology. In addition, a 
prerequisite for the calculations here is an environment close to GES and additional inputs today may 
cause significant deterioration of the present eutrophied state. 
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The calculations are based on the following equivalent reduction tables. 
 
 
Table 1: Equivalent reductions on nitrogen. The table should be read so that each row provides the 
necessary input reduction to the basins to the left to provide the equivalent environmental effect in the 
basins in the top row, e.g. 1.3 ton reduction to GR gives the same effect in the BP as 1 ton reduction 
directly to BP. NB! That the factors are valid on single basin pairs under condition that all other basins 
fulfil MAI. 

 

 KT DS BP BS BB GR GF 

KT 1 7.29 − − − − − 

DS 1.70 1 4.61 − − − − 

BP − − 1 − − − − 

BS − − − 1 7.79 − − 

BB − − − 1.06 1 − − 

GR − − 1.29 − − 1 − 

GF − − 4.00 − − − 1 

 

 

Table 2: Equivalent reductions on phosphorus. The table should be read so that each row provides the 
necessary input reduction to the basins to the left to provide the equivalent environmental effect in the 
basins in the top row, e.g. 1.5 ton reduction to BS gives the same effect in the BP as 1 ton reduction 
directly to BP. NB! That the factors are valid on single basin pairs under condition that all other basins 
fulfil MAI. 

 

 KT DS BP BS BB GR GF 

KT 1 4.03 − − − − − 

DS 0.84 1 3.18 − − − − 

BP 2.39 2.79 1 3.42 8.53 − 3.93 

BS 3.81 4.64 1.50 1 2.57 − 6.00 

BB − − 8.89 8.35 1 − − 

GR 3.79 4.40 1.53 4.95 − 1 6.55 

GF 3.51 4.04 1.25 4.18 − − 1 

 
 

Calculations are made on the basis of the draft CART assessment by late September 2017 (doc. x.x 
PRESSURE 7 2017) on extra and missing reductions obtained using the trend method. 
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Germany 
Nitrogen 

Germany have extra reduction to DS that can be used to compensate fully for missing reduction in KAT 
and about 10% of the missing reduction to BAP. There is no significant feedback between BAP and KAT 
for small changes, therefore the extra reduction to DS can be used for both BAP and KAT. 

 

Germany TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

38 214   42 3064  

Missing 
reduction 

  6866 177   775 

 
Germany TN BOB BOS BAP GUF GUR DS KAT 

Missing 
reduction 

  6866 177   775 

Used extra 
reduction 

  698    1804 

Missing 
reduction 
after extra 
reduction 

  6168 177   0 

 

Phosphorus 
Germany have extra reduction to DS that can be used to compensate for a portion of the missing 
reduction to BAP. 

 

Germany TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

     24  

Missing 
reduction 

  163     

 
 

Germany TP BOB BOS BAP GUF GUR DS KAT 

Missing 
reduction 

  163     

Used extra 
reduction 

  8     

Missing 
reduction 
after extra 
reduction 

  155     
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Denmark 
Nitrogen 

Denmark fulfil nitrogen reduction requirements to all basins. 
 

Denmark TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

57 252 433 51 99 6148 3126 

Missing 
reduction 

       

 

Phosphorus 
Denmark have an extra reduction of 1 ton/yr that in principle can be used for compensating a part of the 
missing reduction to BAP, but in practice the change is insignificant since the extra reduction is so small. 

 

Denmark TP BOB BOS BAP GUF GUR DS KAT 

Extra 
reduction 

     1 119 

Missing 
reduction 

  47     

 
 

Estonia 
Nitrogen 

Estonia has extra reduction to GUR that can be used to compensate for the missing reduction to BAP. 
 

Estonia TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

    899   

Missing 
reduction 

11 31 194 835  0 2 

 
 

Estonia 
TN 

BOB BOS BAP GUF GUR DS KAT 

Missing 
reduction 

11 31 194 835   2 

Used 
extra 
reduction 

  699     

Missing 
reduction 
after 
extra 
reduction 

11 31 0 835   2 
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Phosphorus 
Estonia has extra reduction to GUR that can be used to compensate for the missing reduction to BAP. 

 

Estonia TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

    19   

Missing 
reduction 

  12 132    

 
 

Estonia TP BOB BOS BAP GUF GUR DS KAT 
Missing 
reduction 

  12 132    

Used 
extra 
reduction 

  12     

Missing 
reduction 
after 
extra 
reduction 

  0 132    

 

 

Finland 
Nitrogen 

Finland can use the extra reduction to GUR to compensate for a portion of the missing reduction to BAP. 
 

Finland TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

329 585   43 17 13 

Missing 
reduction 

  123 1600    

 
 

Finland 
TN 

BOB BOS BAP GUF GUR DS KAT 

Missing 
reduction 

  123 1600    

Used 
extra 
reduction 

  37     

Missing 
reduction 
after 
extra 
reduction 

  86 1600    
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Phosphorus 
Finland has extra reduction to BOB that can compensate a portion of the missing reduction to BOS. 

 

Finland TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

137       

Missing 
reduction 

 56  351    

 
 

Finland TP BOB BOS BAP GUF GUR DS KAT 
Missing 
reduction 

 56  351    

Used 
extra 
reduction 

 16      

Missing 
reduction 
after 
extra 
reduction 

 40  351    

 

 

 

Lithuania 
Nitrogen 

Lithuania has no extra reduction that can be used to compensate any of the missing reductions. 
 

 
Lithuania TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

2 34      

Missing 
reduction 

  15693 64 2740 1 12 

 

Phosphorus 
Lithuania has extra reduction to GUR that can be used to compensate a portion of the missing reduction 
to BAP. 

 

Lithuania TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

    82   

Missing 
reduction 

  427     
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Lithuania 
TP 

BOB BOS BAP GUF GUR DS KAT 

Missing 
reduction 

  427     

Used 
extra 
reduction 

  53     

Missing 
reduction 
after 
extra 
reduction 

  374     

 
 
 

Latvia 
Nitrogen 

Latvia has extra reductions to GUR that can be used to compensate for the missing reduction to BAP. 
(NB! Due to new data for border loads in Daugava, input ceilings for nitrogen to GUR from LV, BY and 
RU may need to be adjusted). 

 

Latvia TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

    7218   

Missing 
reduction 

6 19 5299 71  1 5 

 
 

Latvia TN BOB BOS BAP GUF GUR DS KAT 
Missing 
reduction 

6 19 5299 71  1 5 

Used 
extra 
reduction 

  5609     

Missing 
reduction 
after 
extra 
reduction 

6 19 0 71  1 5 

 

Phosphorus 
Latvia has no extra reduction. 

 

Latvia TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

       

Missing 
reduction 

  266  578   
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Poland 
Nitrogen 

Poland has no extra reduction that can be used to compensate for missing reduction in other basins. 
 

Poland TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

8 87      

Missing 
reduction 

  26990 268 81 16 187 

 

Phosphorus 
Poland has only input to BAP. 

 

Poland TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

       

Missing 
reduction 

  6701     

 
 

Russia 
Nitrogen 

Russia has no extra reduction. 
 

Russia TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

       

Missing 
reduction 

134 274 5669 16570 1997 20 55 

 

Phosphorus 
Russia has no extra reduction. 

 

Russia TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

       

Missing 
reduction 

  531 757 9   

 
 
 

Sweden 
Nitrogen 

Sweden has extra reduction to DS and GUR that can be used to compensate for some of the missing 
reduction to BAP. 
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Sweden TN BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

3322 4738   32 944 6755 

Missing 
reduction 

  1833 33    

 
 

Sweden 
TN 

BOB BOS BAP GUF GUR DS KAT 

Missing 
reduction 

  1833 33    

Used 
extra 
reduction 

  230     

Missing 
reduction 
after 
extra 
reduction 

  1603 33    

 

Phosphorus 
Sweden have extra reduction to BOS and DS that can be used to compensate for some of the missing 
reduction to BAP. In addition, the extra reduction to BOS can be used to compensate for some of the 
missing reduction to BOB, but here one need to take into account the missing reduction in BAP as well 
(see Pressure 5, Doc 8-3). 

 

Sweden TP BOB BOS BAP GUF GUR DS KAT 
Extra 
reduction 

 252    19 23 

Missing 
reduction 

173  416     

 
 

Sweden 
TP 

BOB BOS BAP GUF GUR DS KAT 

Missing 
reduction 

173  416     

Used 
extra 
reduction 

78  174     

Missing 
reduction 
after 
extra 
reduction 

95  242     
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5.3 Evaluation of CART assessment methodologies 
 
Background 

PRESSURE 6-2017 discussed about methodology to evaluate progress towards CARTs (Country Allocated 
Reduction Targets). Three possible options are used for estimating the most recent total nitrogen (TN) and 
total phosphorus (TP) inputs to be compare with the input ceilings for national inputs to certain sub-basins:  

• 5-years average of annual TN and TP inputs 
• 3-years average 
• Trend (statistically) estimated input for the last assessment TN and TP inputs.  

PRESSURE 6-2017 expressed an opinion of the most preferable methodology though did not take a final 
decision pending the comprehensive overview of application of the above mentioned approaches for all 
sub-basins. 

The PLC6 assessment includes annual inputs of riverine, direct and airborne and total TN and TP country pr. 
basin, pr. basin and pr. country during 1995-2014.In the present assessment of progress towards CART the 
five average includes the average of normalized annual net inputs of TN and TP from 2010-14. The three 
average includes average of TN and TP inputs from 2012-2014 while the trend methodology estimates 2014 
inputs. 

This document includes a comparison of the three methods applied evaluating progress towards CARTS. 

The results of the evaluation of progress towards CARTS for all country per basins are included a file, that is 
Annex 1 to this document. 

 

Introducing the three methods 

Overall the evaluation of progress towards CART requires: 

1. Estimate of most recent TN and TP inputs country pr. basin (e.g. TNCaBb total nitrogen inputs 
from country  a to basin b) 

2. Quantify the uncertainty of the most recent TN and TP inputs (e.g. UTNCaBb) and add the 
uncertainty to the estimated input to get a test value (e.g. test-TNCaBb = TNCaBb+ UTNCaBb) 

3. Compare the test value with the corresponding input ceiling CTN ( e.g. compare CTNCaBb 
with test-TNCaBb). If test-TNCaBb > CTNCaBb there is a remaining reduction RTN (e.g. RTNCaBb = 
test-TNCaBb - CTNCaBb. If test-TNCaBb ≤ CTNCaBb the inputs including the uncertainty estimate, 
and there is an “extra” reduction.  

The most recent TN and TP inputs are estimated with three methods: 

• 5-years average of annual TN and TP inputs, i.e. average of 2010-14, named “5 year mean” 
• 3-years average, i.e. average of 2012-14, named “3 year mean” 
• Trend (statistically) estimated input for the last assessment TN and TP inputs, i.e. estimated of 

2014- inputs, named “Trend”-method. 

The uncertainty (e.g. UTN) connected to the three methods is calculated as: 

 

UTN (5-year mean) = f · SE (5-year mean)  (1) 

UTN (3-year mean) = f · SE (3-year mean)  (2) 
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UTN (Trend) = f · SE (Trend)   (3) 

𝑆𝑆𝑆𝑆 (5 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑚𝑚𝑦𝑦𝑦𝑦𝑚𝑚) = �𝑀𝑀𝑆𝑆𝑆𝑆 (5 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑚𝑚𝑦𝑦𝑦𝑦𝑚𝑚) ∙ �1
5� + 20142

∑ 𝑖𝑖22014
𝑖𝑖=2010

�  

𝑆𝑆𝑆𝑆 (3 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑚𝑚𝑦𝑦𝑦𝑦𝑚𝑚) = √𝑀𝑀𝑆𝑆𝑆𝑆(3 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑚𝑚𝑦𝑦𝑦𝑦𝑚𝑚) ∙ �1
3� + 20142

∑ 𝑖𝑖22014
𝑖𝑖=2012

�  

𝑆𝑆𝑆𝑆 (𝑇𝑇𝑦𝑦𝑦𝑦𝑚𝑚𝑇𝑇) = �𝑀𝑀𝑆𝑆𝑆𝑆 (𝑇𝑇𝑦𝑦𝑦𝑦𝑚𝑚𝑇𝑇) ∙ �1 𝑚𝑚� + 20142
∑ 𝑖𝑖2𝑚𝑚
𝑖𝑖=1

�  

SE is the standard error, f is the 95% percentile in a one-sided t-distribution with n-1 degrees of freedom; 
where n is 20 (entire time series without trend or change points), 5 (for 5 year mean) and 3 (for three year 
mean). MSE is the mean standard error calculated for the complete time series (1995-2014). m is number 
of years from the most recent identified change point in the time series (e.g. if change point is identified in 
2009 m = 6 (2009, 2010, 2011, 2012, 2013, 2014)). 

The test values (test-TN) used to evaluated progress against CART is: 

Test-UTN (5-year mean) = TN (5-year mean) + UTN (5-year mean)  (4) 

Test-UTN (3-year mean) = TN (3-year mean) + UTN (3-year mean)  (5) 

Test-UTN (Trend) = TN (Trend) + UTN (Trend)   (6)
  

The statistical methods applied are described in more details in (Larsen & Svendsen, 2013), and 
methodologies related to change points (break points), t-test and estimation of uncertainty are described 
are described in document 6-1 PLC7-1-2017 (HELCOM PLC-7 1-2017). Please refer to references in these 
documents. In the applied statistical tests the level of required certainty is 95 % (or less 5 % when the test 
hypothesis is that it is not true). 

The CART assessment includes overall the following steps which are performed for all country pr. basin 
inputs, per basin and per country inputs of TN and TP which for each statistical analyses amounts to 168 
combinations: 

a) Mann-Kendall trend test for monotone increase or decrease in the input time series 1995-2014. 
This test do not assume linear trend. 

b) With Theil-Sen slope estimator slope estimate slope for a trend line, assuming linear trend. Slope 
estimated if Mann-Kendall trend test shows statistical significant trend. Further trend line intercept 
is estimated. Step a and b is used to estimated 2014 value with the “Trend” where no change point 
is detected (e.g. figure 1.a). Further, changes in input from 1995-2014 is estimated when the trend 
is significant. 

c) If the Mann-Kendall trend test is “no significant trend for the time series” the “Trend” method 
estimate 2014 TN and TP inputs as the average of the time series. If no trend (and no change points 
– see below) are detected for the 1995-2014 time series the estimated input TNCaBb is the average 
of the annual inputs during 1995-2014. The uncertainty UTNCaBb from a country to a basin is 
estimated from the standard error of the mean and the 95% percentile in a one-sided t-distribution 
with n-1 degrees of freedom (formula 3 above). If the Mann-Kendall trend test give a significant 
trend, the “Trend” method estimates the 2014 input TNCaBb by using a linear regression model (see 
figure 1a). The uncertainty UTNCaBb is calculated from the mean square error (MSE) of the time 
series and using one-sided t-distribution (95% quantile) – see formula 3. 

d) The input time series are tested for change points using an iterative process (the significance of the 
change points is evaluated by the change in -2logQ, see HELCOM PLC7 1-2017). In principle, it is 
tested if the 1995-2014 time series could be divided in two or three linear sections (one or two 
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change points). The probability of a change point should be with 95% certainty, and the shortest 
linear section should not be less than 3 or 4 years. An example is shown in figure 1b. 

e) If one or two change points are detected the “Trend” model estimate the 2014 inputs based on the 
time series after the most recent change point. In figure 1b a change point are detected in 2004 
and then section from 2004 to 2014 is used for estimating of 2014 values. If there is a significant 
linear trend on the 2004-2014 section (as in figure 1b), a linear regression is applied estimating the 
2014 input. In there is no linear trend the average of 2004-2014 is the estimated 2014 input. In 
both cases MSE is estimated from the trend lines on entire (1995-2014) time series with change 
point(s).The uncertainty UTN is calculated from formula 3. 

f) For the 5 year and 3 year mean methods we always use the average normalized inputs of 2010-14 
and 2012-14, respectively as the estimated recent inputs. These methods do not take into account 
any trend estimating recent inputs. When calculating MSE no trend is taken into account after 2009 
for the 5 year mean and after 2011 for the 3 year mean as the average is used (se figure 1c and 1d), 
and then MSE is calculated for 1995-2014 based on fits as exemplified in figure 1c and d.  

g) Then UTN are calculated (formula 1, 2 and 3) and added to the estimated recent inputs TN to get 
the test value test-TN used (formula 4-6) for comparing with the input ceilings. All the assessment 
results are shown in annex 1. 

h) Student t-test is used testing for significant difference in the estimated recent input (3 and 5 year 
means) and inputs in the reference period (1997-2003). The test is done twice: first assuming 
homogenous variance in the distribution of inputs in 2010-2014 and the reference period or 2012-
14 and the reference period. Secondly, with the alternative hypothesis that the variance in the two 
distributions are not homogenous. For the three year average this test is rather week. In cases of 
significant changes in inputs since the reference period the changes in percentage are calculated. 
The test for significant changes since reference period for the “Trend” estimated inputs: To the 
estimated inputs we ±UTN from formula 3. When inputs in the interval TN- UTN to TN+UTN are 
different from inputs in the reference period there is a significant change in inputs which then are 
calculated in percentage. 

Figures 1a to 1d illustrates how some of the principles in the three assessment methods is applied and is 
based on PLC6 data from a country to a Baltic Sea sub basin. There is a significant trend (Mann-Kendall 
trend test) in the time series 1995-2014 (figure 1a), but there is also identified one change point in 2004 
(figure 1b). Without a change point the Trend method with a linear regression line will estimated 
approximately 81,000 tons N in 2014 – and the reported normalized inputs where 71,321 tons N. The 
significant change point in 2004, spilt the time series in one part with significant increasing input from 1995 
to 2003, and one part with significant decrease in inputs from 2004-2014. From linear regression on the 
2004-2014 time series the Trend method estimates a 2014 input of 72,124 tons N, less than 800 tons N 
higher than the reported input in 2014. 

The 3 year mean method estimate the recent input as average of the last three years, which is illustrated in 
figure 1c. The average of 2012-2014 is 75,725 tonnes N. Accordingly the 5 year mean method estimates the 
recent input as the average of 2010-2014 or 76,686 tons N (figure 1d).  

From formulas 1-3 we can also calculate the uncertainties on the estimated recent input and the results are 
shown in table 1. The test value test-TN = TN + UTN is rather different with the three methods. 
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Figure 1a: Annual net TN inputs to basin X from Country A during 1995-2014. A significant linear trend from 
linear regression inserted. The significant trend detected from Mann-Kendall trend test (95 % confidence). 
The estimated 2014 input with the trend method is with approx. 81,000 tons N considerable higher than 
the reported input. 

 

 

Figure 1b. As figure 1a, but included a significant change point in 2004.  Trend lines 1995-2003 and 2004-
2014 obtain by linear regression inserted and the trends are significant. By introducing the change point the 
The significant trend detected from Mann-Kendall trend test (95 % confidence). The estimated 2014 input 
with the trend method is with 72,124 tons N close to the reported input. 
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Figure 1c. As figure 1b but with a constant input value for 2012-2014. That is the average of 2012-14. The 
estimated recent values is 76,686 tons N tonnes N. MSE is calculated based on the trend lines below.  

 

 
Figure 1d As figure 1b but with a constant input value for 2010-2014. That is the average of 2010-14. The 
estimated recent values is 75,725 tonnes N. MSE is calculated based on the trend lines below. 

 
Table 1 Comparison of estimated recent inputs with the 5 year mean, 3 year mean and the trend 
methodology based on the data from figures 1a-d. Se text for further explanation.  

 5 year mean 3 year mean Trend 
TN net inputs 2014 – reported (tons) 71,364 71,364 71,364 
Estimated recent inputs = TN (tons) 76,686 75,725 72,214 
Estimated uncertainty = UTN (tons) 10,553 13,744 6,878 
Test value test-TN = TN + UTN (tons) 87,239 89,469 79,092 
Uncertainty in percentages 13,8 18,1 9,5 
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Evaluating the three methodologies 
 

The three assessment methods are evaluated based on some criteria developed by the PLC-6 team (table 
2). Further, the assessment results and progress towards CART in Annex 1 are evaluated, see tables 3-5. 

Table 2 includes the evaluation based on criteria developed by the PLC6-team.  Each method is evaluated 
on a scale from 1 to 5, where 5 is the best score performance of a method) and 1 the lowest 

 

Table 2: Evaluation of the three methods assessing progress towards CART. Score: Best score is 5 and the 
lowest 1. “User friendly” and “Perceivable” are not evaluated, they are not scientific criteria 
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Criteria Explanation Evaluation Score 
Ability to detect 
recent changes in 
nutrient inputs  

Trend:  The trend method 
estimates input in 2014 based 
on linear regression of time 
series (figures 1a). If change 
point are detected, linear 
regression is used on the 
different parts of the time series 
(if there is a significant trend), 
and the section after the most 
recent change point are used to 
estimate the most recent inputs 
(figure 1b). If no trend in input 
time series, average of time 
series is used as estimated 2014 
input 
 
3 year mean: 
Average of 2012-14 inputs 
(figure 1c) 
 
 
 
 
 
 
 
5 year mean :  
Average of 2010-14 inputs 
(figures 1d) 
 

Trend:  
Strong method to detect the 
most recent changes in inputs, 
and it provides input estimate 
for the most recent year 
(2014) in the time series based 
on linear regression. By 
detecting change point the 
method will in most case 
provide an estimate rather 
close to the reported inputs. 
 
 
 
 
 
3 year mean  : 
Is based on an average for the 
three most recent years – 
2012-14 – and each of the 
three years counts equally 
even if one years is a rather 
extreme value. Less recent 
changes included than trend 
method 
 
5 year mean:  
Based on average of five years 
– 2010-14 – rather old data 
are included in the estimate of 
recent inputs. Weakest of the 
three methods 

Trend: 
5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 year mean: 
2 
 
 
 
 
 
 
 
 
5 year mean: 
1 
 

Is trend in input 
time series taken 
into account 
when estimating 
recent inputs? 

Trend:  
The estimated latest year inputs 
is based on linear regression on 
the time series (figure 1a). If 
change point(s) is detected the 
estimated input is based on the 
most recent section of the time 
series (years after the most 
recent change point) based on 
linear regression (figure 1b). 
With no trend detected, 
average of all years is used as 
estimate 
 
 
 

Trend:  
Yes, if there is a trend it is 
taken into account and using 
linear regression. If no trend is 
detected input are estimated 
as the average of all years 
(after the most recent break 
point).  
 
 
 
 
 
 
 
 

Trend: 
5 
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3 year mean:  
Average of 3 year (2012-14), 
trend not taken into account – 
figure 1c 
 
5 year mean:  
Average of 3 year (2012-14), 
trend no taken into account – 
figure 1d. 
 

 
3 year mean:  
Trend is not taken into 
account 
 
 
5 year mean: Yes 
Trend is not taken into 
account 
 

 
3 year mean: 
1 
 
 
 
5 year mean: 
1 
 

Sensitivity of 
year-to-year 
variation on the 
estimated recent 
inputs  

Trend:  
The estimated 2014 inputs are 
affected by year to year 
variation making the linear 
regression on the input time 
series, or if no trend making an 
average. Further year to year 
variation in the entire time 
series (1995-2014) is used in the 
calculation of the  of the 
uncertainty on the estimated 
inputs (formula 3) 
 
 
 
 
 
 
 
 
 
 
3 year mean:  
Only variation in inputs during 
the recent three years inputs 
(2012-14) have an impact on 
the input estimate.  Further 
year-to-year variation of the 
entire input time series (1995-
2014) is used in the calculation 
of the uncertainty on the 
estimated inputs (formula 2) 
 
 
5 year mean:    
Only variation in inputs during 
the recent three years inputs 
(2010-14) have an impact on 
the input estimate.  Further 
year-to-year variation of the 
entire input time series (1995-
2014) is used in the calculation 
of the uncertainty on the 
estimated inputs (formula 1) 

Trend:  
Moderat. With no change 
points year-to-year variation 
from 20 years might influence 
the estimated 2014 inputs 
when making the linear 
regression (e.g. figure 1a). 
With change points, only 
years-to-year variation after 
the most recent change points 
have an impact on estimated 
2014 inputs. 
The calculated uncertainty is 
sensitive to year-to-year 
variation of the entire time 
series (1995-2014) – but 
theoretically, the importance 
of individual year-to-year 
variation decreases with 
increasing number of years in 
the time series.   
 
3 year mean:  
Sensitive to the recent three 
years variation. 
Regarding calculated 
uncertainty overall as trend 
method, but for the recent 
three year the average inputs 
is applied in the calculation of 
MSE (formula 2 and figure1c). 
 
 
 
5 year mean:    
Sensitive on the recent five 
years variation.  
Regarding calculated 
uncertainty overall as trend 
method, but for the recent 
three year the average inputs 
is applied in the calculation of 
MSE (formula 1 and figure1d). 
 

Trend: 
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 year mean: 
2 
 
 
 
 
 
 
 
 
 
 
5 year mean: 
3 
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The sensitivity of 
extreme values in 
the end of the 
input time series 
on the estimated 
inputs 

Trend:  
The method is based on linear 
regression, which are sensitive 
to extreme values in the end of 
the time series. The method 
also includes change point(s), to 
take into account changes in 
trends in time series. With no 
trend the method estimates the 
2014 as average of the entire 
time series (after the most 
recent change point if any). 
In general flow-normalization 
reduce year-to-year variation in 
inputs 
 
 
 
3 year mean:  
Based as average on the recent 
three years (2012-14) 
 
 
 
5 year mean:  
Based as average on the recent 
five years (2010-14) 
 
 

Trend: 
If there is a trend in the time 
series the estimate inputs is 
sensitive to the most recent 
year inputs. The importance of 
extreme values in the 
end/start of the time series is 
reduced by introducing 
change points.  
With no trend in time series, 
the use of averaging inputs of 
of the entire time series (after 
the most recent change point) 
reduce influence of inputs 
from one single year for time 
series longer than 5 years, as 
compare with the  
 
3 year mean:  
Is very sensitive for one 
extreme value, as it the one 
extreme value counts 1/3 in 
the average 
 
5 year mean:    
Is rather sensitive for one 
extreme value, as it the one 
extreme value counts 1/5 in 
the average 
 

Trend:  
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 year mean:  
1 
 
 
 
 
5 year mean:  
2 
 

Statistical error 
on estimated 
recent inputs   

Trend:  
The statistical error is based on 
MSE on the trend line(s) 
calculated (or average values if 
no trend is detected), and 
taking into account change 
points of the mean if no trend is 
found – see formula 3 
 
3 year mean:  
Calculated as for trend method, 
but for the recent three years 
based on the average of the 
three years – (formula 2 and 
figure 1c) 
 
5 year average:   
Calculated as for trend method, 
but for the recent five years 
based on the average of these 
five years – (formula 1 and 
figure 1d) 
 

Trend:  
Theoretically, the trend 
method has the lowest 
statistical uncertainty on the 
estimated recent inputs as we 
are fitting a time series with 
linear regression taking into 
account change points. 
 
3 year average:   
Theoretically, this methods 
has the highest statistical 
uncertainty of the three 
method. 
 
5 year average:   
Theoretically, this methods 
has the higher statistical 
uncertainty than the trend 
method 
 

Trend:  
5 
 
 
 
 
 
 
 
3 year average: 
2 
 
 
 
 
5 year average: 
3 
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Based on table 2 we can conclude that from a scientific point of view the Trend method is best and 
recommended. It get a total score of 21 point (25 is he maximum score), the year mean scores 10 point 
and the 3 year average8 points. The trend methods is preferable regarding the following criteria: 

• Highest ability to detect recent changes in inputs (estimate the most recent inputs as it provides 
an estimate for 2014, while the 5 year mean is input average for 2010-14 and the 3 year mean 
2012-14) 

• Includes trend in input time series when estimating the most recent inputs 
• Overall have the lowest uncertainty 
• Sensitivity of extreme values in the end of the time series of the estimated inputs  

Regarding sensitivity of year-to-year variation on the estimated recent inputs trend and 5 year mean 
methods both are evaluated as the best.  

The 3-year mean methods is the poorest based on the scientific evaluation.   

The scientifically evaluation of the three methods is also supported by the finding based on the 168 country 
per basin results on assessing progress of CART. In table 3a and 3b we have ranked each country pr. basin 
based on the evaluation of fulfilment of input ceilings. The ranking give score 1 to the assessment method 
to for a country per basin results in the lowest remaining reduction or the highest extra reduction. E.g. 
Belarus TN (see Annex 1) the lowest remaining reduction from BY to BAP is the trend method = score 1, 3 
year mean scores 2 and 5 year mean scores 3. For BY to GUR 5 year mean scores 1, trend methods scores 2 
and three year mean 3. Total score for BY is then 4 for 5 year mean, 5 for 3 year mean and 3 for the trend 
method. Besides Baltic Sea shipping (BSS) and Ukraine (UA) the trend method results in the lowest 
remaining reduction and/or highest extra reduction regarding TN (table 3a). For phosphorus trend methods 
also provides lowest remaining reduction and/or highest extra reduction for most countries. For both TN 
and TP the 3 year mean assessment end up with the highest missing reduction and the lowest extra 
reduction. 

When counting number of basins with remaining reduction trend methodology end up with 47 sub-basin 
for TN and 19 for phosphorus. The corresponding numbers for the 5 year mean are 55 for TN and 24 for TP, 
and for the 3 year mean method is are 53 for TN and 25 for TP. 

Table 3a. Ranking the three CART assessment methodology based on which method provides the lowest 
missing reduction or the highest extra reduction in Annex 1. It is calculated for each sub-basin per country 
and the scores 1 is given to the method with lowest remaining reduction/highest extra reduction of total 
nitrogen (TN), and then aggregated scores per country. Total score for the trend method is 115, total for 3 
year mean it is 209 and for 5 year mean 193. To three right columns indicates number of basins with 
remaining reduction. Trend methods estimate inputs in 2014. 

  

 
“User friendly” 
“Perceivable” 

Trend: 
 
3 years mean: 
 
5 years mean: 
 

Trend: 
 
3 years mean: 
 
5 years mean: 

Trend: 
 
3 years mean: 
 
5 years mean: 
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5 year 
mean 

3 year 
mean  

Trend 
 

5 year 
mean 

3 year 
mean  

Trend 
 

  Ranking Number basin with remaining reduction 
By 4 5 3 2 2 2 
CZ 3 2 1 1 1 1 
DE 15 13 9 3 3 3 
DK 17 14 11 1 1 0 
EE 15 17 8 7 7 6 
EU20 21 14 7     
FI 16 17 7 4 4 2 
LT 14 20 7 6 6 5 
LV 13 20 8 7 6 6 
OC 14 21 7     
PL 21 14 7 7 6 5 
RU 15 17 8 7 7 7 
SE 15 18 9 2 2 2 
BSS 9 14 21 7 7 7 
UA 1 3 2 1 1 1 

 

Table 3b. As table 3b but for total phosphorus. Total score for the trend method is 40, total for 3 year mean 
it is 79 and for 5 year mean 67.  

TP 
5 year 
mean 

3 year 
mean  

Trend 
 

5 year 
mean 

3 year 
mean  

Trend 
 

  Ranking Number basin with remaining reduction 
By 3 6 3 2 2 2 
CZ 1 2 3 1 1 1 
DE 6 4 2 2 2 1 
DK 6 8 3 2 2 1 
EE 7 7 3 3 3 2 
EU20         
FI 7 8 3 3 3 2 
LT 5 5 2 1 2 1 
LV 5 5 2 2 2 2 
OC 7 7 7     
PL 2 3 1 1 1 1 
RU 6 7 5 3 3 3 
SE 10 14 5 3 3 2 
BSS         
UA 2 3 1 1 1 1 

 

The estimated uncertainty (by formulas 1-3) is compared for the three assessment methodologies in table 
4a (for TN) and 4b (for TP) country per basin. It is evident that the trend methodology provided the lowest 
uncertainty with few exceptions, and that the 3 year mean in general has the highest uncertainty on inputs.  
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5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

  BOB BOS BAP GUF GUR DS KAT 

BY 
  

  
  

  13,4 17,3 11,4 
  

  12,2 20,0 8,3 
  

  
   

CZ 
  

  
  

  11,8 15,2 3,7 
  

  
  

  
  

  
   

DE 1,6 2,1 1,6 1,6 2,1 1,6 4,0 5,0 2,2 1,6 2,1 1,6 1,6 2,1 1,6 11,6 16,3 4,4 1,8 2,5 2,1 

DK 6,9 8,3 3,5 6,5 7,7 3,3 3,3 3,3 1,4 6,7 8,0 3,4 6,3 7,4 3,1 7,0 8,8 7,2 3,5 4,5 4,2 

EE 5,7 7,4 2,1 5,3 7,0 1,9 9,3 10,6 6,4 12,8 16,4 15,4 11,4 15,9 8,4 6,2 7,9 2,2 5,8 7,6 2,1 

EU20 3,7 4,1 1,1 3,6 4,0 1,1 3,5 3,7 1,0 3,5 3,9 1,0 3,4 3,8 1,0 3,5 3,8 1,0 3,6 3,9 1,1 

FI 4,6 6,9 4,2 15,3 19,6 4,8 5,9 7,0 3,1 9,2 12,8 6,3 5,9 7,0 3,1 6,9 8,2 3,6 6,7 8,0 3,5 

LT 4,3 5,5 3,5 4,2 5,3 3,3 19,4 23,3 10,4 4,1 5,3 3,3 17,7 23,4 16,0 4,4 5,5 3,5 4,4 5,5 3,5 

LV 4,5 6,5 2,8 4,4 6,2 2,7 15,8 20,5 8,6 4,3 6,0 2,6 24,6 35,6 8,0 4,4 6,5 2,8 4,5 6,5 2,8 

OC 0,8 1,5 1,2 0,7 1,4 1,2 0,7 1,5 1,4 0,6 1,1 0,9 0,6 1,1 0,9 0,9 2,4 2,1 0,9 2,3 2,2 

PL 3,1 3,4 1,8 3,0 3,3 1,8 9,2 12,3 5,3 2,4 3,4 1,8 2,9 3,2 1,7 3,1 3,5 1,9 3,1 3,4 1,8 

RU 1,1 1,4 1,0 1,1 1,4 1,0 4,5 5,9 1,6 13,8 18,1 9,7 10,0 17,0 7,1 1,1 1,5 1,1 1,1 1,5 1,1 

SE 5,2 7,0 2,9 5,0 6,5 3,0 4,0 5,6 1,6 2,7 3,2 3,0 2,5 3,1 2,9 12,9 16,7 8,3 5,5 7,1 4,5 

BSS 1,3 1,6 1,2 1,3 1,6 1,2 1,3 1,6 1,2 1,3 1,6 1,2 1,3 1,6 1,2 1,3 1,6 1,2 1,3 1,6 1,2 

UA             10,9 13,7 3,4                         

Average 3,6 4,7 2,2 4,3 5,5 2,2 7,8 9,8 4,2 5,2 6,8 4,2 7,7 10,9 4,9 5,3 6,9 3,3 3,5 4,5 2,5 
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Table 4a above and b below. The estimated uncertainty in percentages of estimated recent inputs for each of the three assessment methods shown country by basin and as 
an average per country. Table 4a is for total nitrogen and table 4b for total phosphorus. The calculation based on the results in Annex 1. Trend methods estimate inputs in 
2014. 

TP 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

5 year 

 mean 

3 year  

mean 

Trend 

 

  BOB BOS BAP GUF GUR DS KAT 

BY         8,8 25,0 6,4     18,6 26,0 18,6        
CZ         13,5 14,8 11,6                
DE         10,5 13,2 5,7         13,8 21,7 5,6    
DK         5,5 7,4 3,2         6,3 8,0 3,6 4,1 5,3 2,7 

EE         31,9 44,7 11,7 24,2 33,1 15,3 29,0 38,7 10,2        
EU20                            
FI 8,7 11,8 3,2 15,3 18,9 5,0     11,2 14,8 3,9            
LT         35,4 50,8 13,5     58,6 72,4 65,5        
LV         19,6 27,2 15,2     31,8 37,8 10,0        
OC                            
PL         11,9 14,0 7,2                
RU         10,1 11,4 7,9 44,4 70,3 44,7 18,6 26,0 17,5        
SE 17,7 24,1 10,7 19,6 26,8 7,6 7,3 9,4 2,6         12,7 16,4 4,7 16,3 21,5 5,6 

BSS                             
UA             17,6 17,8 4,3                         

Average 13,2 18,0 7,0 17,4 22,9 6,3 15,6 21,4 8,1 26,6 39,4 21,3 31,3 40,2 24,3 10,9 15,4 4,6 10,2 13,4 4,1 
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The uncertainty on estimated recent inputs is rather low for total nitrogen for the trend method typically in 
the range of 2-4 % in many sub-basins, for the 3-year mean it is generally much higher, in average typically 
2-3 times higher. For total phosphorus, the uncertainties on the estimated inputs are much higher for both 
the average uncertainty and the range of uncertainty as compared with the corresponding uncertainties on 
total nitrogen. The trend methodology   in average the uncertainty pr. sub-basin is between 2 to 5 times 
higher than for TN. For the 3- and 5-year mean methods, uncertainty on estimated recent inputs is up to at 
least 50-60 % for some basins. 

The sensitivity of the three assessment methods are tested by comparing results from the present 
assessment in Annex 1 with an assessment, where we change the net input of TN and TP  to 6 basins in 
2014 and make an new CART assessment with the three methodologies and compared with the results in 
Annex 1. In tables 5a are the results for 6 country basins extracted from Annex 1. In tables 5b the inputs in 
2014 is change with the number of tons indicated in row “Assumed change in inputs in 2014 – e.g. net input 
of TN to BAP Proper from Germany (DE-BAP) is changed with 2,000 tons N as compared with the PLC6 
assessment data set. Tables 5b shows than for DE-BAP by reducing TN input in 2014 with 2,000 tons (6,0% 
lower than in the PLC-6 data set) the assessment would have results in 431 tons N less remaining reduction 
with the trend methodology, 221 less missing reduction with the 5 year mean methodology, and 531 tons 
less with the three year mean methodology. In the bottom row the change in remaining reduction is 
calculate in percentage of the remaining reduction obtain with the original PLC6 data set (from Annex 1) as 
an expression of the sensitivity of changing the most recent year inputs. For the 6 examples the 5 year 
average mean in 5 cases are the less sensitive. In 3 cases trend methodology is the most sensitive and in 
the three remaining cases it is the 3 year mean methods, that are most sensitive. Overall we want to have a 
method that are sensitive for changes to get as good as possible recent estimate. As the trend methodology 
use linear regression usually the estimates will be rather close to the reported inputs, but if they are very 
bias, that of course will affect the estimated inputs, as it also will specially on the three year mean method. 
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Table 5a. CART assessment results from 6 country basins extracted from Annex 1 for comparison with table 5b. Trend methods estimate inputs in 2014. Numbers in tons. 

Present assessment     TN TN TP TN TP TP 

      DE-BAP FI-GUF PL-BAP RU-GUR SE-BOB DK-KAT 

          
5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

A : Input ceiling     27473 27473 27473 20653 20653 20653 4309 4309 4309 2516 2516 2516 826 826 826 829 829 829 

B: Estimated input     35126 34485 33598 22074 21565 20930 10117 10693 10267 4002 4115 4214 881 836 902 700 701 692 

C: Estimated inputs incl. uncertainty (test value) 36535 36195 34339 24095 24317 22253 11316 12195 11010 4403 4815 4513 1037 1037 999 729 738 710 

Extra reduction  (A-C)                                       100 91 119 

Remaining reduction to fulfill MAI   9062 8722 6866 3442 3664 1600 7007 7886 6701 1887 2299 1997 211 211 173       
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Table 5b. The inputs of TN and TP are changed with the amount of tons mentioned in row “Assumed change in input in 2014”, and a new CART assessment have been 
performed for the 5 country-basins with the three methodologies and the resulting remaining reduction/extra reduction compared with the assessment results in table 5b. 
See further in the text. Trend methods estimate inputs in 2014. Number in tons  

Assessment changing 2014 normalized input TN TN TP TN TP TP 

      DE-BAP FI-GUF  RU-GUR SE-BOB DK-KAT 

          
5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

5 year 
mean 

3 year 
mean Trend 

A : Input ceiling     27473 27473 27473 20653 20653 20653 4309 4309 4309 2516 2516 2516 826 826 826 829 829 829 

B: Estimated input     34726 33818,7 33154,8 22674,3 22565,4 21760 9317 9360 9227 4202 4448 4436 851 786 863 688 681 675 

C: Estimated inputs incl. uncertainty (test value) 36314 35664 33908 24586,6 25229,1 23088,8 10187 10542,6 9798 4676 5191 4749 1019 1004,05 962 717 718 693 

Extra reduction  (A-C)                                       112 111 136 

Remaining reduction to fulfill MAI   8841 8191,04 6435,04 3934 4576 2436 5878 6234 5489 2160 2674,95 2233 193 178,0 136       

Assumed change in input in 2014   -2000 -2000 -2000 3000 3000 3000 -4000 -4000 -4000 1000 1000 1000 -150 -150 -150 -60 -60 -60 

Assumed change in input in 2014 (%)   -6,0 -6,0 -6,0 13,5 13,5 13,5 -39,0 -39,0 -39,0 23,7 23,7 23,7 -16,6 -16,6 -16,6 -8,7 -8,7 -8,7 

Change (tons) on extra red./extra reduction -221 -531 -431 492 912 836 -1129 -1652 -1212 273 376 236 -18 -33 -37 12 20 17 

Change (%) on extra red./extra reduction -2,4 -6,1 -6,3 14,3 24,9 52,2 -16,1 -21,0 -18,1 14,5 16,4 11,8 -8,6 -15,6 -21,4 -11,7 -21,5 -14,3 

 

 



PLC-7 IG 2-2017, 3-3 

 

 

Page 46 of 74 
 

 

References 
Larsen, S.E. & Svendsen, L.M. 2013. Statistical aspects in relation to Baltic Sea Pollution Load Compilation. 
Task 1 under HELCOM PLC-6. Aarhus University, DCE – Danish Centre for Environment and Energy, 34 pp. 
Technical Report from DCE – Danish Centre for Environment and Energy No. 33. 
http://dce2.au.dk/pub/TR33.pdf 
 
HELCOM PLC-7 1-2017 2017: Updating of the PLC Guidelines and statistical methodology report (by PLC 
project manager). Document 6-1 PLC-7 1-2017 meeting in Mariehamn (Åland) 8-9 June 2017, 6pp. 
  

http://dce2.au.dk/pub/TR33.pdf


PLC-7 IG 2-2017, 3-3 

 

 

Page 47 of 74 
 

 

Annex 1 
 

This annex will include 111 pages with plots of all PLC6 net input time series with annual nitrogen and 
phosphorus inputs during 1995-2014 for country per basin, per country, and pr. Basin include to the Baltic 
Sea. The files are available at the PLC6 workspace the files “PLC6_plots_191017” 

On each page the left side figures show actual annual net input of nitrogen (upper) and phosphorus (lower) 
in tonnes and the flow (in m3/s). The inputs are divided in pathways: riverine input (TN- and TP-river), direct 
inputs to the sea from point sources (TN- and TP-direct) and airborne inputs (TN- and TP-air). The  figures to 
the right includes the same information regarding actual TN and TP inputs divided on the three pathways, 
but the flow is omitted. The normalized total nitrogen (upper figure) and total phosphorus (lower figure) 
are include in the figures (green line), as is a trend line (black line) and the MAI (for basins) and ceilings for 
country per basin and per country. The trend line is broken where change point have been identifies, and 
broken trend lines indicates that the trend is not statistical significant. 

For some countries there are no phosphorus inputs to some of the basins.  

Phosphorus deposition is only included on the per basin figures, as it is not possible to allocated 
phosphorus deposition to countries.  

The figures are sorted alphabetically. 

 

BAP = Baltic Proper 

BAS = Baltic Sea 

BOB = Bothnian Sea 

BOS = Bothnian Bay 

BSS = Baltic Sea Shippping 

GUF = Gulf of Finland 

GUR = Gulf of Riga 

DS = Danish Straits 

KAT = Kattegat 

BY = Belarus 

CZ = Czech Republic 

EU20 = The EU countries not being Contracting Parties of HELCOM 

OC = other countries and sources (e.g. North Sea shipping) not being HELCOM Contracting Parties or EU 
member contributing with atmospheric nitrogen deposition to the Baltic Sea 

UA = Ukraine 
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Annex 2 
 

This annex includes the results of the CART assessment with the 5-year mean, 3-year mean and trend 
assessment method. The sheet ”TN” includes the result for total nitrogen, and sheet ”TP” corresponding 
results for total phosphorus. The results are in the file 3-3_Annex 2 Input-assessment-by 3 methods. 

Results are presented alphabetically by country. When the estimated net inputs + estimated uncertainty 
called the test-values (the rows “C: input xxxx including uncertainty (test value)” are higher than the inputs 
ceiling the results is in the rows ”Remaining reduction to fulfil MAI”. When the test values is below the 
input ceilings the results are in the rows ”Extra reduction A - C”. 

  

https://portal.helcom.fi/meetings/PLC-7%20IG%202-2017-468/MeetingDocuments/3-3_Annex%202%20Input-assessment-by%203%20methods.xlsx
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Annex 3 
 
This annex was elaborated for HOD52 2017, making an supplementary paper to the CART Policy message. 
Focus was on explaining the link between MAI, CART, national input ceilings and influence on changed 
reference inputs on CART. This supplementary paper contains the detailed analysis of the data updates 
(section 3 and 4) and discussion on their consequences for the HELCOM nutrient reduction scheme follow-
up (section 5 and 6). 

 

Supplementary Report to CART Policy Message 
Lars M. Svendsen, Bo Gustafsson, Philip Axe and Dmitry Franky-Kamenetsky  

1 Introduction 
The nutrient reduction scheme of the HELCOM Baltic Sea Action Plan was revised in the 2013 HELCOM 
Ministerial Meeting (MD2013), based on an updated dataset (PLC-5.5) as well as an improved modelling 
approach. The Country-Allocated Reduction Targets (CART) are a part of the HELCOM nutrient reduction 
scheme, indicating how much nutrient inputs the HELCOM countries need to reduce by 2021, compared to 
the reference period (1997–2003), to meet the BSAP objectives of a Baltic Sea unaffected by 
eutrophication.  

CART was calculated as the required reductions in nitrogen and phosphorus inputs based on the Maximum 
Allowable Inputs (MAI) and estimated net inputs in the reference period (1997-2003) as calculated for 
MD2013 based on PLC-5.5 data set (see section  2). Nutrient net input ceilings country per basin was also 
calculated by subtracting CART from the reference inputs.  

When the  national ceilings for the  input of nutrients from each country to each sub-basin have been met,  
good environmental status of the Sea in terms of eutrophication should be met taking into account time 
lags. The sum of net input ceilings set for all countries to a specific sub-basin is equal to the Maximum 
Allowable Input of nutrients for that sub-basin.  

The assessment made by PLC-6 project is based on the data on the net nutrient input covering the period 
from 1995 to 2014. During the project implementation the whole dataset has been significantly revised in 
addition to reporting of the new national data on inputs in 2013 and 2014. Section 4 provide information 
the main changes in the data set. 

The update of the whole data series starting from 1995 resulted in the consequent update of the mean 
value for the reference period (1997–2003). The revision had different effect on reference values for 
different countries. It resulted in increased an overall 6.3 % increase in nitrogen inputs during the reference 
period to the Baltic Sea, but some country to basins the changes in nitrogen inputs were much higher (see 
section 4). For phosphorus inputs to some few country-basins increased or decreased markedly in the 
reference period, but the increase to Baltic Sea was only 3.4%. . 

The major consequence of revising reference value  is that the implementation of the CART  does not lead 
to achieving of the input ceilings by all the countries and consequently achieving of the good environmental 
status of the Baltic Sea. 
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PRESSURE 7-2017 acknowledged that the new scientific data on the input time series since 1994 
substantially differ from previous assessments of nutrient inputs, which includes also values for the 
reference period 1997-2003. The Meeting agreed that the policy message should be focused on the 
achievement of the GES for the Baltic Sea, which is reflected by the national input ceilings and requested 
RedCore DG to elaborate this supplementary paper to the policy message on the progress towards national 
targets for input of nutrients achieved by 2014. The supplementary paper contains the detailed analysis of 
the data updates (section 3 and 4) and discussion on their consequences for the HELCOM nutrient 
reduction scheme follow-up (section 5 and 6). 
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2 Targets according to Copenhagen Ministerial Declaration 2013 
 

The 2013 Copenhagen Ministerial Declaration (MD2013) contain two tables. Table 2.1 containing the basin-
wise maximum allowable inputs (MAI), reference inputs and needed reductions. The latter being simply the 
difference between the reference inputs and the MAIs. The country-wise reduction targets (CART) was 
presented as sums for countries in MD2013, see Table 2.2.  

 

 

Table 2.1: The MAI table from MD2013. 

 

 

Baltic Sea Sub-basin 

Maximum Allowable 
Inputs 

Reference inputs 
1997-2003 

Needed reductions 

TN 
tons 

TP  
tons 

TN 
tons 

TP  
Tons 

TN 
tons 

TP  
tons 

Kattegat 74,000 1,687 78,761  1,687  4,761 0 

Danish Straits 65,998 1,601 65,998  1,601  0 0 

Baltic Proper 325,000 7,360 423,921  18,320  98,921 10,960 

Bothnian Sea 79,372 2,773 79,372  2,773  0 0 

Bothnian Bay 57,622 2,675 57,622  2,675  0 0 

Gulf of Riga 88,417 2,020 88,417  2,328  0 308 

Gulf of Finland 101,800 3,600 116,252  7,509  14,452 3,909 

Baltic Sea  792,209 21,716 910,344  36,894  118,134 15,178 

 

 

Table 2.2: The CART table from MD2013 

 

 Nitrogen Phosphorus 
Denmark 2890 38 
Estonia 1800 320 
Finland 2430 +600* 330 +26*  
Germany 7170 +500* 110 +60* 
Latvia 1670 220 
Lithuania 8970 1470 
Poland2 43610 7480 
Russia 10380* 3790* 
Sweden 9240 530 
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To achieve the needed reduction in Table 2.1, the national CARTs in Table 2.2 need to be 
complemented by a basin-wise distribution of the load reduction, and in addition be 
complemented by the expected reductions from atmospheric deposition and transboundary 
riverine nutrient inputs from non-HELCOM countries, and expected reductions from international 
shipping. These expected reductions were also provided as sums for the basins with reduction 
requirements in the MD2013. The additional information needed for to implement the content of 
Table 2.2 to achieve the MAI in Table 2.1 was provided in a background document for the MD2013 
(Summary report on the development of revised Maximum Allowable Inputs (MAI) and updated 
Country Allocated Reduction Targets (CART) of the Baltic Sea Action Plan). Specifically, the detailed 
basin-wise CART including transboundary and expected reductions for the basins with reduction 
requirements are given in Tables 5 and 6 in the background document, but also all data necessary 
to also define nutrient input ceilings for all basins, including those without reduction requirement 
so that the follow-up will ensure that nutrient inputs to these basins are not rising.   
 

 

How have nutrient input ceilings been calculated?  

Nutrient input ceilings are readily calculated by subtracting the reduction requirements (CART) in the 2013 
Ministerial Declaration from the net nutrient inputs of each country and basin in the reference period 
1997-2003. Following the same procedure, nutrient input ceilings can also be assigned to shipping and 
other sources of airborne inputs. The sum of all nutrient input ceilings for a basin will be equal to MAI to 
that basin (Tables 2.3 and 2.4). 

 

The necessary information for this calculation was included in the background document for the 2013 
Ministerial Meeting. For basins without reduction requirements, the nutrient input ceiling for phosphorus 
in these basins is simply equal to the net inputs in the reference period, but for airborne nitrogen inputs 
reductions due to implementation of Gothenburg protocol and regulations on shipping emissions were 
taking into account in the 2013 Ministerial Declaration (see Background document) also for the basins 
without nitrogen reduction requirements. Thus, in order to meet the requirement that achieving 
the nutrient input ceiling should result in MAI for these basin, the nutrient input ceiling will be slightly 
larger than reference inputs for the HELCOM Contracting Parties. 

 

 
Table 2.3: Nutrient input ceilings for nitrogen for all basins and countries. 

Country BOB BOS BAP GUF GUR DS KAT 

Denmark 231 904 7910 334 381 30313 29319 

Estonia 95 317 1413 11265 13029 18 20 

Finland 35081 29619 1569 20653 255 64 77 

Germany 817 3170 27473 1312 1465 21957 3285 

Latvia 63 273 6091 183 53898 24 25 

http://helcom.fi/Documents/Ministerial2013/Associated%20documents/Supporting/Summary%20report%20on%20MAI-CART.pdf
http://helcom.fi/Documents/Ministerial2013/Associated%20documents/Supporting/Summary%20report%20on%20MAI-CART.pdf
http://helcom.fi/Documents/Ministerial2013/Associated%20documents/Supporting/Summary%20report%20on%20MAI-CART.pdf
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Lithuania 110 491 33093 261 5795 54 60 

Poland 644 2802 160857 1166 1361 1125 1106 

Russia 710 1551 9253 62522 2516 174 174 

Sweden 17924 33350 30942 502 449 6224 34206 

Other 
countries 

1876 6603 33002 3455 2804 5880 5579 

Baltic Sea 
Shipping 

72 292 1434 147 112 165 149 

Belarus 0 0 7322 0 6352 0 0 

Czech Rep. 0 0 2693 0 0 0 0 

Ukraine 0 0 1948 0 0 0 0 

Sum (MAI) 57622 79372 325000 101800 88418 65998 74001 

 

 

Table 2.4: Nutrient input ceilingsutri phosphorus for all basins and countries 

Country BOB BOS BAP GUF GUR DS KAT 

Denmark 0 0 21 0 0 1040 829 

Estonia 0 0 8 236 239 0 0 

Finland 1668 1255 0 322 0 0 0 

Germany 0 0 101 0 0 351 0 

Latvia 0 0 74 0 541 0 0 

Lithuania 0 0 831 0 166 0 0 

Poland 0 0 4309 0 0 0 0 

Russia 0 0 277 2892 185 0 0 

Sweden 826 1125 308 0 0 105 740 

Atm. Dep. 181 394 1046 150 93 105 118 

Belarus 0 0 244 0 797 0 0 

Czech Rep. 0 0 108 0 0 0 0 

Ukraine 0 0 33 0 0 0 0 

Sum (MAI) 2675 2773 7360 3600 2020 1601 1687 
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3 Results of CART assessment with reference inputs according to MD2013 
and new reference inputs 
 

In the policy message progress towards CART are assessed by comparing recent country per basin inputs 
(inputs in 2014 estimated with the trend methodology) including uncertainty on these inputs with the 
corresponding input ceilings.  

This section contains detailed information on the CART assessment for facilitating Contracting Parties 
country pr. basin evaluating achieved and remaining reduction towards fulfilling reduction targets taking 
into account changes in the reference inputs as compared with the MD2013 inputs.  

 

Tables 3 includes information country per basin on: 

• Reference inputs from MD2013 (column A in tables 3) 
• CART (MD2013) (column B) 
• Inputs ceilings according to table 2.3 and 2.4 (column C) 
• Revised reference inputs from the PLC-6 dataset (column G) 
• Changes in reference inputs since MD2013 (column H) 

 

Further the tables includes information on: 

• the estimated inputs 2014 (based on the trend methodology) (column D in tables 3) 
• the estimated inputs 2014 including uncertainty (column E) 

 

Achieved and remaining reduction are calculated based on the information mention above: 

• Achieved reduction related to the reference inputs in MD2013 (column F in tables 3) calculated as 
column A minus column E   

• Achieved reduction related to the revised reference inputs according to the PLC-6 (column I) 
calculated as column G minus column E   

• Remaining reduction according to input ceiling (column J) calculated as column G minus column E 
 

In table 1a and 1b in the policy message are evaluated if the estimated inputs in 2014 including uncertainty 
(columns E in tables 3) has changed significantly since the reference period (based on the revised reference 
inputs in column G).  

 

It is possible to compare directly the estimated inputs in 2014 with the changed reference inputs as they 
are based on the PLC-6 dataset. In this case both achieved (column I) and remaining reduction (J) are 
calculated based on the PLC-6 data set.  

 

On the other hand, the calculated achieved reduction (column F) compared with the MD2013 n in column F 
are based on two different PLC datasets. The reference inputs from MD2013 were calculated from the 
PLC5-5- data, while the estimated inputs in 2014 is based on the PLC-6 data set. Particularly for 
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atmospheric nitrogen there is significant changes in reference inputs from the PLC-5.5 to the PLC-6 data set 
– see section 4 and 5. Therefore, the calculated achieved reduction in column F should not be used without 
taking into account the changes in the reference inputs (as quantified in column H).  

 

Tables 3: Detailed information used for the assessment of progress towards CART. The tables are organised pr. 
country (nitrogen and phosphorus) providing data per basin and where relevant for the country to the Baltic Sea 
(BAS). The contents in the rows are explained in the text above. The unit are in tons. 

Denmark - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  226 854 10,046 376 374 28,588 30,027 70,491 

B: CART (MD 2013) 0 0 2,136 42 0 0 708 2,886 

C: Input ceilings 231 904 7,910 334 381 30,313 29,319 69,392 

D: Input 2014 168 632 7,376 273 273 22,539 25,134 
 

E:  Input 2014 including uncertainty estimate 174 652 7,477 283 282 24,165 26,193 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 52 202 2,569 93 92 4,423 3,834   

G: Revised reference inputs  (PLC-6) 292 1,082 11,233 472 464 28,045 30,268 71,856 

H: Changes in ref. inputs since MD2013 66 228 1,187 96 90 -543 241 1,365 

I = (G-E): Achieved reduction related to revised ref. inputs  118 430 3,756 189 182 3,880 4,075   

J = (E-C): Remaining reduction according to input ceilings  -57 -252 -433 -51 -100 -6,148 -3,127   

 

 

Denmark - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

59 
  

1,040 829 1,928 

B: CART (MD 2013) 
  

38 
  

0 0 38 

C: Input ceilings     21     1,040 829 1,890 

D: Input 2014 
  

66 
  

1,003 692 
 

E:  Input 2014 including uncertainty estimate 
  

68 
  

1,039 710 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013     -9     1 119   

G: Revised reference inputs  (PLC-6) 
  

77 
  

1,066 796 1,939 

H: Changes in ref. inputs since MD2013 
  

18 
  

26 -33 11 

I = (G-E): Achieved reduction related to revised ref. inputs      9     27 86   

J = (E-C): Remaining reduction according to input ceilings      46     -1 -119   
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Estonia - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  93 299 1,795 12,684 12,777 17 20 27,684 

B: CART (MD 2013) 0 0 382 1,419 0 0 0 1,801 

C: Input ceilings 95 317 1,413 11,265 13,029 18 20 26,156 

D: Input 2014 103 341 1,511 10,486 11,192 17 22 
 

E:  Input 2014 including uncertainty estimate 106 348 1,607 12,100 12,130 18 22 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 -13 -49 188 584 647 -1 -2   

G: Revised reference inputs  (PLC-6) 115 371 1,907 13,529 13,002 20 24 28,967 

H: Changes in ref. inputs since MD2013 22 72 112 845 225 3 4 1,283 

I = (G-E): Achieved reduction related to revised ref. inputs  9 23 300 1,429 872 2 2   

J = (E-C): Remaining reduction according to input ceilings  11 31 195 836 -899 0 2   

 

Estonia - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

23 504 277 
  

804 

B: CART (MD 2013) 
  

15 268 38 
  

321 

C: Input ceilings     8 236 239     483 

D: Input 2014 
  

17 319 199 
   

E:  Input 2014 including uncertainty estimate 
  

20 368 220 
   

F= (A-E) Achieved reduction related to ref. inputs MD2013     3 136 57       

G: Revised reference inputs  (PLC-6) 
  

23 543 282 
  

848 

H: Changes in ref. inputs since MD2013 
  

0 39 5 
  

44 

I = (G-E): Achieved reduction related to revised ref. inputs      3 175 62       

J = (E-C): Remaining reduction according to input ceilings      11 132 -19       

 

Finland - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  34,389 27,978 1,993 23,256 250 60 79 88,005 

B: CART (MD 2013) 0 0 424 2,603 0 0 2 3,029 

C: Input ceilings 35,081 29,619 1,569 20,653 255 64 77 87,318 

D: Input 2014 33,362 27,710 1,642 20,930 206 46 62 
 

E:  Input 2014 including uncertainty estimate 34,752 29,034 1,692 22,253 212 47 64 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 -363 -1,056 301 1,003 38 13 15   

G: Revised reference inputs  (PLC-6) 35,540 28,887 2,327 24,071 291 68 92 91,278 

H: Changes in ref. inputs since MD2013 1,151 909 334 815 41 8 13 3,273 
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I = (G-E): Achieved reduction related to revised ref. inputs  788 -147 635 1,818 79 21 28   

J = (E-C): Remaining reduction according to input ceilings  -329 -585 123 1,599 -43 -16 -13   

 

Finland - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  1,668 1,255 
 

686 
   

3,609 

B: CART (MD 2013) 0 0 
 

364 
   

364 

C: Input ceilings 1,668 1,255   322       3,245 

D: Input 2014 1,483 1,248 
 

647 
    

E:  Input 2014 including uncertainty estimate 1,531 1,311 
 

673 
    

F= (A-E) Achieved reduction related to ref. inputs MD2013 137 -56   13         

G: Revised reference inputs  (PLC-6) 1,723 1,251 
 

712 
   

3,687 

H: Changes in ref. inputs since MD2013 55 -4 
 

26 
   

78 

I = (G-E): Achieved reduction related to revised ref. inputs  192 -60   39         

J = (E-C): Remaining reduction according to input ceilings  -137 56   351         

 
Germany - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  801 2,994 34,892 1,477 1,437 20,708 3,364 65,673 

B: CART (MD 2013) 0 0 7,419 165 0 0 79 7,663 

C: Input ceilings 817 3,170 27,473 1,312 1,465 21,957 3,285 59,480 

D: Input 2014 767 2,909 33,598 1,465 1,400 18,100 3,977 
 

E:  Input 2014 including uncertainty estimate 779 2,956 34,339 1,489 1,423 18,893 4,060 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 22 38 553 -12 14 1,815 -696   

G: Revised reference inputs  (PLC-6) 1,001 3,785 42,552 1,905 1,799 21,514 4,726 77,283 

H: Changes in ref. inputs since MD2013 200 791 7,660 428 362 806 1,362 11,610 

I = (G-E): Achieved reduction related to revised ref. inputs  222 829 8,213 416 376 2,621 666   

J = (E-C): Remaining reduction according to input ceilings  -38 -213 6,866 177 -43 -3,064 775   

 

 

Germany - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

276 
  

351 
 

626 

B: CART (MD 2013) 
  

175 
  

0 
 

175 

C: Input ceilings     101     351   451 

D: Input 2014 
  

250 
  

310 
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E:  Input 2014 including uncertainty estimate 
  

264 
  

327 
  

F= (A-E) Achieved reduction related to ref. inputs MD2013     12     24     

G: Revised reference inputs  (PLC-6) 
  

271 
  

348 
 

620 

H: Changes in ref. inputs since MD2013 
  

-5 
  

-3 
 

-6 

I = (G-E): Achieved reduction related to revised ref. inputs      7     21     

J = (E-C): Remaining reduction according to input ceilings      163     -24     

 

Latvia - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  62 258 7,736 206 52,853 23 26 61,164 

B: CART (MD 2013) 0 0 1,645 23 0 0 1 1,669 

C: Input ceilings 63 273 6,091 183 53,898 24 25 60,558 

D: Input 2014 67 284 10,489 248 43,228 24 29 
 

E:  Input 2014 including uncertainty estimate 69 292 11,390 254 46,680 25 30 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 -7 -34 -3,654 -48 6,173 -2 -4   

G: Revised reference inputs  (PLC-6) 80 331 9,139 282 42,824 29 35 52,720 

H: Changes in ref. inputs since MD2013 18 73 1,403 76 -10,029 6 9 -8,444 

I = (G-E): Achieved reduction related to revised ref. inputs  11 39 -2,251 28 -3,856 4 5   

J = (E-C): Remaining reduction according to input ceilings  6 19 5,299 71 -7,219 1 5   

 

Latvia - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

203 
 

627 
  

830 

B: CART (MD 2013) 
  

129 
 

86 
  

215 

C: Input ceilings     74   541     615 

D: Input 2014 
  

295 
 

1,018 
   

E:  Input 2014 including uncertainty estimate 
  

340 
 

1,119 
   

F= (A-E) Achieved reduction related to ref. inputs MD2013     -137   -492       

G: Revised reference inputs  (PLC-6) 
  

259 
 

994 
  

1,253 

H: Changes in ref. inputs since MD2013 
  

56 
 

367 
  

423 

I = (G-E): Achieved reduction related to revised ref. inputs      -81   -125       

J = (E-C): Remaining reduction according to input ceilings      267   578       

 

 

 



PLC-7 IG 2-2017, 3-3 

 

 

Page 59 of 74 
 

 

Lithuania - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  108 464 42,028 294 5,682 51 61 48,689 

B: CART (MD 2013) 0 0 8,935 33 0 0 1 8,969 

C: Input ceilings 110 491 33,093 261 5,795 54 60 39,864 

D: Input 2014 105 443 44,178 314 7,360 53 70 
 

E:  Input 2014 including uncertainty estimate 108 457 48,786 325 8,535 55 72 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 0 7 -6,758 -31 -2,853 -4 -11   

G: Revised reference inputs  (PLC-6) 119 500 38,932 355 6,159 60 79 46,204 

H: Changes in ref. inputs since MD2013 11 36 -3,096 61 477 9 18 -2,485 

I = (G-E): Achieved reduction related to revised ref. inputs  11 43 -9,854 30 -2,376 5 7   

J = (E-C): Remaining reduction according to input ceilings  -2 -34 15,693 64 2,741 1 12   

 

 

Lithuania - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

2,272 
 

192 
  

2,463 

B: CART (MD 2013) 
  

1,441 
 

26 
  

1,467 

C: Input ceilings     831   166     996 

D: Input 2014 
  

1,109 
 

51 
   

E:  Input 2014 including uncertainty estimate 
  

1,258 
 

84 
   

F= (A-E) Achieved reduction related to ref. inputs MD2013     1,014   108       

G: Revised reference inputs  (PLC-6) 
  

2,166 
 

287 
  

2,453 

H: Changes in ref. inputs since MD2013 
  

-106 
 

95 
  

-10 

I = (G-E): Achieved reduction related to revised ref. inputs      908   203       

J = (E-C): Remaining reduction according to input ceilings      428   -82       

 

 

 

Poland - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  631 2,647 204,293 1,313 1,335 1,061 1,133 212,413 

B: CART (MD 2013) 0 0 43,436 147 0 0 27 43,610 

C: Input ceilings 644 2,802 160,857 1,166 1,361 1,125 1,106 169,062 

D: Input 2014 625 2,667 178,377 1,408 1,417 1,119 1,270 
 

E:  Input 2014 including uncertainty estimate 636 2,715 187,847 1,434 1,442 1,141 1,293 
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F= (A-E) Achieved reduction related to ref. inputs MD2013 -5 -68 16,446 -121 -107 -80 -160   

G: Revised reference inputs  (PLC-6) 712 3,039 205,876 1,605 1,613 1,277 1,447 215,569 

H: Changes in ref. inputs since MD2013 81 392 1,583 292 278 216 314 3,156 

I = (G-E): Achieved reduction related to revised ref. inputs  76 324 18,029 171 171 136 154   

J = (E-C): Remaining reduction according to input ceilings  -8 -87 26,990 268 80 16 187   

 

Poland - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

11,786 
    

11,786 

B: CART (MD 2013) 
  

7,477 
    

7,477 

C: Input ceilings     4,309         4,309 

D: Input 2014 
  

10,267 
     

E:  Input 2014 including uncertainty estimate 
  

11,010 
     

F= (A-E) Achieved reduction related to ref. inputs MD2013     776           

G: Revised reference inputs  (PLC-6) 
  

11,750 
    

11,750 

H: Changes in ref. inputs since MD2013 
  

-36 
    

-36 

I = (G-E): Achieved reduction related to revised ref. inputs      740           

J = (E-C): Remaining reduction according to input ceilings      6,701           

 

 

Russia - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  696 1,465 11,751 70,401 2,467 164 178 87,123 

B: CART (MD 2013) 0 0 2,498 7,879 0 0 4 10,381 

C: Input ceilings 710 1,551 9,253 62,522 2,516 174 174 76,900 

D: Input 2014 836 1,806 14,688 72,124 4,214 192 227 
 

E:  Input 2014 including uncertainty estimate 844 1,825 14,922 79,092 4,513 194 229 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 -148 -360 -3,171 -8,691 -2,046 -30 -51   

G: Revised reference inputs  (PLC-6) 864 1,869 13,296 76,814 5,088 201 237 98,368 

H: Changes in ref. inputs since MD2013 168 404 1,545 6,413 2,621 37 59 11,245 

I = (G-E): Achieved reduction related to revised ref. inputs  20 44 -1,626 -2,278 575 7 8   

J = (E-C): Remaining reduction according to input ceilings  134 274 5,669 16,570 1,997 20 55   

 

Russia - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

758 6,169 215 
  

7,142 
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B: CART (MD 2013) 
  

481 3,277 30 
  

3,788 

C: Input ceilings     277 2,892 185     3,354 

D: Input 2014 
  

749 2,522 165 
   

E:  Input 2014 including uncertainty estimate 
  

808 3,649 194 
   

F= (A-E) Achieved reduction related to ref. inputs MD2013     -50 2,520 21       

G: Revised reference inputs  (PLC-6) 
  

567 7,497 135 
  

8,199 

H: Changes in ref. inputs since MD2013 
  

-191 1,328 -80 
  

1,057 

I = (G-E): Achieved reduction related to revised ref. inputs      -241 3,848 -59       

J = (E-C): Remaining reduction according to input ceilings      531 757 9       

 

 

 

Sweden - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  17,571 31,501 39,298 565 440 5,869 35,032 130,277 

B: CART (MD 2013) 0 0 8,356 63 0 0 826 9,245 

C: Input ceilings 17,924 33,350 30,942 502 449 6,224 34,206 123,597 

D: Input 2014 14,190 27,784 32,254 519 405 4,875 26,268 
 

E:  Input 2014 including uncertainty estimate 14,602 28,612 32,775 535 417 5,280 27,451 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 2,969 2,889 6,523 30 23 589 7,581   

G: Revised reference inputs  (PLC-6) 18,229 32,526 39,961 701 533 5,791 35,406 133,148 

H: Changes in ref. inputs since MD2013 658 1,025 663 136 93 -78 374 2,871 

I = (G-E): Achieved reduction related to revised ref. inputs  3,627 3,914 7,186 166 116 511 7,955   

J = (E-C): Remaining reduction according to input ceilings  -3,322 -4,738 1,832 33 -32 -943 -6,755   

 

Sweden - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  826 1,125 843 
  

105 740 3,639 

B: CART (MD 2013) 0 0 535 
  

0 0 535 

C: Input ceilings 826 1,125 308     105 740 3,104 

D: Input 2014 902 812 706 
  

83 679 
 

E:  Input 2014 including uncertainty estimate 999 874 724 
  

86 717 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 -173 252 119     19 23   

G: Revised reference inputs  (PLC-6) 856 1,184 839 
  

103 750 3,732 

H: Changes in ref. inputs since MD2013 30 59 -4 
  

-2 10 93 
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I = (G-E): Achieved reduction related to revised ref. inputs  -143 311 115     17 33   

J = (E-C): Remaining reduction according to input ceilings  173 -251 417     -19 -23   

 

 

 

Belarus - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

9,299 
 

6,228 
  

15,527 

B: CART (MD 2013) 
  

1,977 
 

0 
  

1,977 

C: Input ceilings     7,322   6,352     13,673 

D: Input 2014 
  

8,012 
 

11,230 
   

E:  Input 2014 including uncertainty estimate 
  

8,926 
 

12,164 
   

F= (A-E) Achieved reduction related to ref. inputs MD2013     373   -5,936       

G: Revised reference inputs  (PLC-6) 
  

9,563 
 

14,020 
  

23,583 

H: Changes in ref. inputs since MD2013 
  

264 
 

7,792 
  

8,056 

I = (G-E): Achieved reduction related to revised ref. inputs      637   1,856       

J = (E-C): Remaining reduction according to input ceilings      1,604   5,812       

 

Belarus - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

668 
 

925 
  

1,593 

B: CART (MD 2013) 
  

424 
 

128 
  

552 

C: Input ceilings     244   797     1,041 

D: Input 2014 
  

664 
 

704 
   

E:  Input 2014 including uncertainty estimate 
  

707 
 

835 
   

F= (A-E) Achieved reduction related to ref. inputs MD2013     -39   90       

G: Revised reference inputs  (PLC-6) 
  

668 
 

575 
  

1,243 

H: Changes in ref. inputs since MD2013 
  

0 
 

-350 
  

-350 

I = (G-E): Achieved reduction related to revised ref. inputs      -39   -260       

J = (E-C): Remaining reduction according to input ceilings      463   38       
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Czech Republic - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

3,420 
    

3,420 

B: CART (MD 2013) 
  

727 
    

727 

C: Input ceilings     2,693         2,693 

D: Input 2014 
  

3,221 
     

E:  Input 2014 including uncertainty estimate 
  

3,340 
     

F= (A-E) Achieved reduction related to ref. inputs MD2013     80           

G: Revised reference inputs  (PLC-6) 
  

3,102 
    

3,102 

H: Changes in ref. inputs since MD2013 
  

-318 
    

-318 

I = (G-E): Achieved reduction related to revised ref. inputs      -238           

J = (E-C): Remaining reduction according to input ceilings      647           

 

Czech Republic - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

295 
    

295 

B: CART (MD 2013) 
  

187 
    

187 

C: Input ceilings     108         108 

D: Input 2014 
  

225 
     

E:  Input 2014 including uncertainty estimate 
  

251 
     

F= (A-E) Achieved reduction related to ref. inputs MD2013     44           

G: Revised reference inputs  (PLC-6) 
  

267 
    

267 

H: Changes in ref. inputs since MD2013 
  

-28 
    

-28 

I = (G-E): Achieved reduction related to revised ref. inputs      16           

J = (E-C): Remaining reduction according to input ceilings      142           

 

 

 

Ukraine - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

2,474 
    

2,474 

B: CART (MD 2013) 
  

526 
    

526 

C: Input ceilings     1,948         1,948 

D: Input 2014 
  

4,827 
     

E:  Input 2014 including uncertainty estimate 
  

4,991 
     

F= (A-E) Achieved reduction related to ref. inputs MD2013     -2,517           
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G: Revised reference inputs  (PLC-6) 
  

2,099 
    

2,099 

H: Changes in ref. inputs since MD2013 
  

-375 
    

-375 

I = (G-E): Achieved reduction related to revised ref. inputs      -2,892           

J = (E-C): Remaining reduction according to input ceilings      3,042           

 

Ukraine - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
  

91 
    

91 

B: CART (MD 2013) 
  

58 
    

58 

C: Input ceilings     33         33 

D: Input 2014 
  

305 
     

E:  Input 2014 including uncertainty estimate 
  

319 
     

F= (A-E) Achieved reduction related to ref. inputs MD2013     -228           

G: Revised reference inputs  (PLC-6) 
  

76 
    

76 

H: Changes in ref. inputs since MD2013 
  

-15 
    

-15 

I = (G-E): Achieved reduction related to revised ref. inputs      -243           

J = (E-C): Remaining reduction according to input ceilings      285           

 

Baltic Sea Shipping - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  361 1,461 7,169 739 561 826 751 11,868 

B: CART (MD 2013) 0 0 5,735 592 0 0 602 6,929 

C: Input ceilings 72 292 1,434 147 112 165 149 2,372 

D: Input 2014 494 1,838 8,687 950 689 953 960 
 

E:  Input 2014 including uncertainty estimate 500 1,860 8,791 961 697 965 971 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 -139 -399 -1,622 -222 -136 -139 -220   

G: Revised reference inputs  (PLC-6) 519 1,929 9,115 996 723 1,000 1,007 15,289 

H: Changes in ref. inputs since MD2013 158 468 1,946 257 162 174 256 3,421 

I = (G-E): Achieved reduction related to revised ref. inputs  19 69 324 35 26 35 36   

J = (E-C): Remaining reduction according to input ceilings  428 1,568 7,357 814 585 800 822   

 

Baltic Sea Shipping – Phosphorus* BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  
        

B: CART (MD 2013) 
        

C: Input ceilings                 
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D: Input 2014 
        

E:  Input 2014 including uncertainty estimate 
        

F= (A-E) Achieved reduction related to ref. inputs MD2013                 

G: Revised reference inputs  (PLC-6) 
        

H: Changes in ref. inputs since MD2013 
        

I = (G-E): Achieved reduction related to revised ref. inputs                  

J = (E-C): Remaining reduction according to input ceilings                  

• No phosphorus deposition quantifies and  assigned to Baltic Sea shiiping 
 

 

Other Countrie*s - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  2,685 9,451 47,727 4,941 4,013 8,631 8,090 85,538 

B: CART (MD 2013) 0 0 14,725 1,486 0 0 2,511 18,722 

C: Input ceilings 1,876 6,603 33,002 3,455 2,804 5,880 5,579 59,199 

D: Input 2014 2,368 8,220 44,136 4,421 3,553 7,489 7,863 
 

E:  Input 2014 including uncertainty estimate 2,396 8,312 44,638 4,465 3,587 7,592 7,976 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 289 1,139 3,089 476 426 1,039 114   

G: Revised reference inputs  (PLC-6) 3,225 11,149 61,287 5,858 4,735 10,855 11,276 108,386 

H: Changes in ref. inputs since MD2013 540 1,698 13,560 917 722 2,224 3,186 22,848 

I = (G-E): Achieved reduction related to revised ref. inputs  829 2,837 16,649 1,393 1,148 3,263 3,300   

J = (E-C): Remaining reduction according to input ceilings  520 1,709 11,636 1,010 783 1,712 2,397   

 

Other Countries* - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  181 394 1,046 150 93 105 118 2,087 

B: CART (MD 2013) 0 0 0 0 0 0 0 0 

C: Input ceilings 181 394 1,046 150 93 105 118 2,087 

D: Input 2014 181 394 1,046 150 93 105 118 
 

E:  Input 2014 including uncertainty estimate 181 394 1,046 150 93 105 118 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 0 0 0 0 0 0 0   

G: Revised reference inputs  (PLC-6) 181 394 1,046 150 93 105 118 2,087 

H: Changes in ref. inputs since MD2013 0 0 0 0 0 0 0 0 

I = (G-E): Achieved reduction related to revised ref. inputs  0 0 0 0 0 0 0   

J = (E-C): Remaining reduction according to input ceilings  0 0 0 0 0 0 0   
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• Other countries are the 20 EU members not members of HELCOM, other countries outside EU and HELCOM, and North 
Sea shipping. It is not possible to allocated phosphorus deposition on the Baltic Sea on sources, and it is allocated as an 
background inputs from other countries  

 

MAI - Nitrogen BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  57,622 79,372 423,922 116,252 88,418 65,998 78,762 910,346 

B: CART (MD 2013) 0 0 98,921 14,452 0 0 4,761 118,134 

C: Input ceilings 57,622 79,372 325,001 101,800 88,418 65,998 74,001 792,212 

D: Input 2014 52,948 71,623 393,280 114,922 90,436 54,524 65,170 
 

E:  Input 2014 including uncertainty estimate 54,737 74,212 405,521 122,599 94,455 56,393 66,106 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 2,885 5,160 18,401 -6,347 -6,037 9,605 12,656   

G: Revised reference inputs  (PLC-6) 60,695 85,468 450,389 126,589 91,252 68,861 84,597 967,850 

H: Changes in ref. inputs since MD2013 3,073 6,096 26,467 10,337 2,834 2,863 5,835 57,504 

I = (G-E): Achieved reduction related to revised ref. inputs  5,958 11,256 44,868 3,990 -3,203 12,468 18,491   

J = (E-C): Remaining reduction according to input ceilings  -2,886 -5,160 80,521 20,798 6,038 -9,605 -7,895   

 

MAI - Phosphorus BOB BOS BAP GUF GUR DS KAT BAS 

A: Input 1997-2003 (MD 2013) (ref. inputs)  2,675 2,773 18,320 7,509 2,328 1,601 1,687 36,894 

B: CART (MD 2013) 0 0 10,960 3,909 308 0 0 15,177 

C: Input ceilings 2,675 2,773 7,360 3,600 2,020 1,601 1,687 21,717 

D: Input 2014 2,582 2,483 18,072 3,543 2,208 1,516 1,460 
 

E:  Input 2014 including uncertainty estimate 2,740 2,631 19,132 5,227 2,442 1,567 1,506 
 

F= (A-E) Achieved reduction related to ref. inputs MD2013 -65 142 -812 2,282 -114 34 181   

G: Revised reference inputs  (PLC-6) 2,761 2,829 18,010 8,902 2,367 1,622 1,665 38,156 

H: Changes in ref. inputs since MD2013 86 56 -310 1,393 39 21 -22 1,262 

I = (G-E): Achieved reduction related to revised ref. inputs  21 198 -1,122 3,675 -75 55 159   

J = (E-C): Remaining reduction according to input ceilings  65 -142 11,772 1,626 421 -34 -181   
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4 Changes in reference inputs 
 

The inputs of nitrogen and phosphorus in the reference period is calculated as the average of normalized 
annual air- and waterborne net inputs during 1997-2003. The PLC-5.5 assessment data set was use to 
calculated the reference inputs for the Copenhagen Ministerial Declaration 2013 (MD2013). 

 

For the latest assessment on progress towards CART Contracting Parties an updated data set for annual 
nitrogen and phosphorus inputs updated data set was establish covering 1995-2014 – the PLC-6 data set. 
Data during 1997 to 2003 was also updated as seen by column A, G and H in tables 3 (section 3). Table 4.1 
and 4.2 show the percentages changes between reference inputs MD2013 and the revised reference 
inputs. 

 

Table 4.1. Change (in %) in the revised reference inputs of nitrogen as compared with the MD2013 reference inputs. 

TN BOB BOS BAP GUF GUR DS KAT BAS 

DE 25 26 22 29 25 3.9 40 18 

DK 29 27 12 26 24 -1.9 0.8 1.9 

EE 24 24 6.2 6.7 2 18 20 4.6 

FI 3.3 3.2 17 3.5 16 13 16 3.7 

LT 10 7.8 -7.4 21 8 18 30 -5.1 

LV 29 28 18 37 -19 26 35 -14 

PL 13 15 0.8 22 21 20 28 1.5 

RU 24 28 13 9.1 106 23 33 13 

SE 3.7 3.3 1.7 24 21 -1.3 1.1 2.2 

BY 
  

2.8 
 

125 
  

52 

CZ 
  

-9.3 
    

-9.3 

UA 
  

-15 
    

-15 

BSS 44 32 27 35 29 21 34 29 

OC 20 18 28 19 18 26 39 27 

All 5.3 7.7 6.2 8.9 3.2 4.3 7.4 6.3 
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Table 4.2. As tables 4.1 but for phosphorus. 

TP BOB BOS BAP GUF GUR DS KAT BAS 

DE 
  

-1.8 
  

-0.9 
 

-1.0 

DK 
  

31 
  

2.5 -4.0 0.6 

EE 
  

0.0 7.7 1.8 
  

5.5 

FI 3.3 -0.3 
 

3.8 
   

2.2 

LT 
  

-4.7 
 

49 
  

-0.4 

LV 
  

28 
 

59 
  

51 

PL 
  

0 
    

-0.3 

RU 
  

-25 22 -37 
  

15 

SE 3.6 5.2 -0.5 
  

-1.9 1.4 2.6 

BY 
  

0.0 
 

-38 
  

-22 

CZ 
  

-9.5 
    

-9.5 

UA 
  

-16 
    

-16 

BSS 
        

OC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

All 3.2 2.0 -1.7 19 1.7 1.3 -1.3 3.4 

 

The reference inputs of nitrogen increased with 6.3% to the Baltic Sea ranging from and 3% increase for 
GUR to 9% for GUF. For some reference inputs country to basins, where the main input source is 
atmospheric deposition, the increases are much higher (table 4.1).  

 

The reference inputs of phosphorus has increased with 3.4% to the Baltic Sea mainly because of a 19% 
increase of the reference inputs to GUF primarily from Russia. 

 

The following updates in the PLC-6 data set have been made as compared to the PLC-5.5 data making the 
PLC-6 data set more consistent and complete : 

• EMEP has changed models for calculation of atmospheric nitrogen deposition and Contracting 
Parting have re-reported the annual emission data used to calculate atmospheric deposition.  

• Some contracting parties have re-reported old riverine input data partly or for the whole 1995-
2014 period including updated/new emissions for point sources having inputs directly to the Baltic 
Sea. Some countries also have recalculated the estimated inputs for some unmonitored areas e.g. 
for Kaliningrad region (to BAP) and unmonitored areas to GUF. 

• In the PLC-6 assessment annual nitrogen and phosphorus inputs are flow-normalized by river. For 
the MD2013 nitrogen and phosphorus input were aggregated per sub-basin before flow-
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normalization. This led to minor increases or decreases in the normalized riverine TN and TP inputs 
as compared with MD2013 inputs, and the revised method provides data that are more consistent. 

• Extending the input time series with extra years will also slightly changes (increases or decreases) 
the normalized inputs in the complete time series as compared with MD2013  due to the 
normalization procedure.  

• New validation and data gaps filling have been performed and some assumptions have been 
modified based on new knowledge and a longer time series 

 

The changed EMEP deposition model and updating air emission increased the annual atmospheric inputs to 
the Baltic Sea with more than 52,000 tons TN in the reference period (23 %) or from approx. 227,000 tons 
TN in the MD2013 to nearly 280,000 tons TN in the PLC-6 data set used in the policy message. The increases 
in atmospheric deposition explains more than 90 % of the increase with 57,500 tons TN in the reference 
inputs since MD2013. The changes in atmospheric inputs in the reference period expressed in percentages 
are highest for inputs to Kattegat (in average 27%) and lowest to the Danish Straits (13%). For Denmark, the 
atmospheric deposition only increased with 7% compared with MD2013 while for Latvia it is 31% (tables 
4.3). 

The changes in waterborne nitrogen inputs (in tons, table 4.4) are rather modest besides for Russia to GUF 
to which waterborne inputs increase with more than 5,700 tons TN (7.7 % or from 74,000 tons TN to 79,700 
tons TN). This is primarily because of changed estimates of inputs from unmonitored areas. Further, there 
are marked changes in some transboundary inputs, because monitored data at the border have been 
provided from some countries, to replace the estimated proportions used in MD2013 and also new 
retention values have been provided (se section 5). 

Table 4.3. Changes (in %) in total nitrogen deposition in the reference period compared with the corresponding 
MD2013 deposition. 

TN (%) BOB BOS BAP GUF GUR DS KAT BAS 

DE 25 26 30 29 25 11 40 27 

DK 29 27 13 26 24 -8 4 7 

EE 24 24 18 25 17 15 17 21 

FI 23 21 17 23 16 14 17 20 

LT 10 8 10 21 13 18 30 11 

LV 30 28 31 37 29 25 35 31 

PL 13 15 21 22 21 20 28 20 

RU 24 28 31 29 29 23 33 30 

SE 28 22 10 24 21 11 12 14 

BSS 44 32 27 35 29 21 34 29 

OC 20 18 28 19 18 26 39 27 

All 23 21 25 24 21 13 27 23 
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Table 4.4. Changes (in tons) in total waterborne nitrogen inputs in the reference period compared with the 
corresponding MD2013 inputs. 

TN (tons) BOB BOS BAP GUF GUR DS KAT BAS 

DE 0 0 180 0 0 -72 0 108 

DK 0 0 91 0 0 -128 12 -26 

EE 0 0 -9 677 185 0 0 854 

FI 747 427 0 757 0 0 0 1,931 

LT 0 0 -2,502 0 0 0 0 -2,502 

LV 0 0 1,000 0 521 0 0 1,521 

PL 0 0 -3,865 0 0 0 0 -3,865 

RU 0 0 355 5,728 0 0 0 6,083 

SE 447 474 -156 0 0 -119 262 907 

All 1,195 901 -4,906 7,161 706 -319 273 5,011 

 

 

For phosphorus, changes in the reference inputs are related only to revised waterborne inputs. 
Atmospheric deposition of phosphorus is unchanged as compared with MD2013, as the same fixed 
deposition rate (5 kg P km-2) have been applied.  

 

The biggest relative changes in phosphorus inputs are from Denmark to BAP (increased 30% or from 59 
tons TP to 77 tons TP) due to revised modelling and updated point source emission data. Further inputs 
from Russia to GUF increased with more than 21% due to revised model estimated of inputs from 
unmonitored areas) – see table 4.5.  

 

Some of the transboundary TP reference input data also changed rather significantly, the reason being the 
same as mentioned for the corresponding nitrogen inputs. 
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Table 4.5. Change (%) in total waterborne phosphorus inputs in the reference period compared with the 
corresponding MD2013 inputs. 

TP (%) BOB BOS BAP GUF GUR DS KAT BAS 

DE 
  

2.9 
  

-0.7 
 

0.5 

DK 
  

29.9 
  

2.5 -4.0 0.6 

EE 
  

-0.1 7.7 1.9 
  

5.5 

FI 3.3 -0.3 
 

3.6 
   

2.1 

LT 
  

-2.4 
    

-2.4 

LV 
  

17.5 
 

1.7 
  

3.6 

PL 
  

-1.0 
    

-1.0 

RU 
  

-19.6 21.4 
   

15.9 

SE 3.6 5.3 -0.4 
  

-2.1 1.3 2.6 

All 3.4 2.3 -1.8 18.9 1.7 1.4 -1.4 3.6 
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5 Discussion – implications of change reference inputs 
 

Consequences on MAI 

The MAI were computed by finding the combination of nutrient inputs to the sub-basins that: 

i) ensure a development were environmental targets eventually are reached  
ii) minimize the reduction requirement.  

 

This calculation is relatively insensitive to the reference inputs because the model was calibrated to 
reproduce the temporal development of the Baltic Sea eutrophication during the 20th Century and not for 
a static nutrient input situation. There could be an impact if the reference inputs to the basins without 
reduction requirements where significantly different: 

• If  they were higher potentially reduction requirements could be needed in those basins or 
additional reduction requirements could be needed in other basins. 

• If they were lower less reduction requirements could be needed.  
 

A rough view of these sensitivities can be analysed using available model results, but this has not been 
done. So far this has not been considered necessary as the changes in nutrient inputs in the reference 
period due to updated data – besides for GUF - is really modest to these basins (3-8% for TN and 1-3% for 
TP). Conclusively, there are no reasons to reconsider MAI on the basis of new information of nutrient inputs. 

 

Consequences on the determination of CART and national input ceilings 

The reference inputs were used in three ways in the calculation of CART:  

i) to distribute the input reductions between CPs (all CPs are to reduce in proportion to their 
share of the total CPs input to the basin) 

ii) to quantify the total needed reduction per basin 
iii) to estimate the expected reduction of nitrogen deposition from Baltic Sea shipping (80% 

reduction was assumed).  
 

Separate data was provided by EMEP that gave the expected reductions from implementation of 
Gothenburg protocol relative to inputs 2005 and these were recalculated to be relative 1997-2003 by BNI.  

 

As described above, the input ceiling is the difference between the reference net inputs and the CART from 
a given country to a given basin, and that ensures that the sum of all contributions will lead up to MAI when 
ceilings reached. For modest changes in the input data set, it is relevant to keep the nutrient input ceilings 
unchanged and evaluate progress according to these. However, at some point, there might be so much new 
information that the basis for the allocation was so off that an adjustment of CART and nutrient input 
ceiling is needed.  
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Adjustment of CARTs and nutrient input ceilings can be more or less complicated from a political 
perspective and we can identify a few cases that are relevant concerning the present PLC-6 assessment 
data set: 

1. New data on transboundary waterborne inputs: 
This case will be the most common since the basis for the sharing of inputs between countries 
contributing to a river catchment was quite uncertain in the PLC5.5. There is in fact a case in the 
present assessment, i.e. the contribution from countries upstream Latvia (Lithuania, Russia and 
Belarus), where new data is used which calls for an adjustment of the input ceilings. There is also 
new information on retention becoming available soon for other countries. Reallocation among 
contributing countries do not affect the total input to the basin, and hence do not affect the 
fulfilment of MAI. In addition, several countries have specific remarks in MD2013 on that they are 
aware that CART will change when new information on transboundary inputs become available. 
 

2. Updated time-series for a single country: 
Denmark has re-reported all waterborne inputs using new modelling for unmonitored areas and 
revised point source emissions, which made significant change, primarily on phosphorus inputs to 
Baltic proper. In addition, there are new reconstruction and information used for Russia in the 
earlier part of the data set that significantly changed their inputs to GUF (higher TP inputs) and BAP 
(lower TP inputs) compared to the PLC-5.5 data set. There are some minor changes for other 
countries as well. In the case of Denmark and BAP, the Danish contribution is so small that it would 
be possible to adjust the Danish CART only according to the new data without any other country 
being significantly affected. This is not the case with Russia to GUF, where the new reference inputs 
are about 1,300 tons TP higher, which significantly would change the overall needed reductions for 
the basin and consequently both Finland and Estonia would get larger reduction requirements as 
well.  

 

3. New data on atmospheric deposition: 
EMEP has reported significantly increased atmospheric nitrogen deposition for most country-basin 
combinations. Especially for the combinations where nitrogen deposition is the only source from a 
country, this leads to significant changes all the way through the time-series. Adjusting CART and 
nutrient input ceilings to this change will affect all countries and basins for nitrogen. However, in 
most cases, the magnitude of the change is small compared to riverine inputs and therefore the 
change in CART will be rather modest on land inputs. 
 

4. Basins without reduction requirement: 
If revising allocation, there need to be an agreement on how to treat that the reference inputs to 
the basins without reduction requirements change. One should be aware of that if one sticks to the 
MAI inputs following MD2013, there might be some small reduction requirements necessary for 
some country and basin combinations, although they will be small. 
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6 Summary and Recommendations 
  

To meet the BSAP objective of a Baltic Sea unaffected by eutrophication, Contracting Parties need to 
reduce their nutrient inputs to the levels indicated by the Maximum Allowable Inputs (MAI) of each sub-
basin. The MAI were calculated using a biogeochemical oceanographic model which described the response 
of the sea to more than a century of nutrient inputs, showing how eutrophication has developed as 
nutrient inputs increased. The same model was then run to find the smallest nutrient load reduction in 
each sub-basin necessary to meet the requirements of the BSAP for eutrophication. The MAI are 
independent of recent inputs and are overall unaffected by changes reported by the Contracting Parties 
during PLC-6 (see section 5).  

Based on the MAI, the Country Allocated Reduction Targets (CART) were developed to share the burden of 
inputs reductions equally among Contracting Parties, proportional to their inputs during the reference 
period (1997-2003). Several Contracting Parties already had one or more basins where their inputs were 
already below the levels required to meet their share of the MAI. For these combinations of basin and 
Contracting Party, the CART as agreed at the Ministerial Meeting 2013 was zero. However, a CART of zero 
still requires the Contracting Party to maintain their nutrient inputs to that basin below the level of their 
share of MAI, otherwise MAI will be exceeded. Therefore, to follow Contracting Parties’ respective progress 
towards the BSAP Objectives, Contracting Parties should follow-up progress relative to their respective net 
input ceilings in each basin, where the input ceiling is defined as their proportion of the MAI during the 
reference period.  

The net input ceiling is the same as a Contracting Parties’ original reference period input minus any CART 
country per basin, so is the direct result of the commitment made in the Ministerial Declaration. Using the 
net input ceilings allows Contracting Parties to monitor progress even in basins where they were not 
explicitly allocated a CART. In addition, net input ceilings are directly related to MAI and the objective of a 
Baltic Sea unaffected by eutrophication. Future follow-up of the HELCOM Nutrient Reduction Scheme 
agreed at the Ministerial Meeting 2013 should present Contracting Parties’ progress towards their 
respective net input ceilings in each basin. 

Work in PLC-6 project has led to improvements in establishing a comprehensive, consistent and updated 
data set for  nutrient inputs country per basin to  the Baltic Sea. Models quantifying atmospheric 
deposition, and waterborne inputs from unmonitored are and modelling nutrient retention  have been 
further developed, estimates of nutrient flows across borders have been improved, and older data have 
been reassessed. This has led to changes in the estimated loads during the reference period. In addition, 
more recent data added to the time series have led to the relationships between flow and nutrient load 
being refined, which in turn further revises the estimates of net inputs during the reference period. These 
changes in nutrient inputs in the reference period inputs  give no reason to reconsider MAI. They could 
however affect Contracting Parties input ceilings to each basin, as the proportion of the net inputs from 
each Contracting Party during the reference period has changed. 

A future revision of the BSAP Nutrient Reduction Scheme should consider the most recent estimates of 
inputs during the reference period (1997 – 2003). Should significant changes in the distribution of net 
nutrient input among Contracting Parties be found, then it could be appropriate to revise the share of the 
net input ceilings to the basins as indicated in section 5. 
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