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Background 
PRESSURE 7-2017 agreed on the procedure of explicit approval of the change points, identified by statistical 
methods on the trend lines for time series of TN and TP inputs to the Baltic Sea. National consultation on the 
nature of the statistically identified break points revealed that some of them have no physical evidence and, 
thus, could be a result of a curve fitting.  

RedCore DG online meeting, which took place on 15 November 2017, agreed that current statistically 
identified break points could be utilized for the PLC-6 assessment. Nonetheless, the meeting decided that a 
specific discussion on the application of break points in linear regressions will be included into the scientific 
report of the assessment of progress towards national reduction targets. The discussion should be focused 
on the procedure to evaluate linear regressions with change points and eliminate the change points which 
have no physical evidence, despite it might end up with elevated uncertainty of the trend analysis. The 
meeting also agreed to continue the discussion at the next PLC-7 project meeting. 

This document contains an overview of the results of the change points approval procedure, reflecting the 
change points which were approved (green color) by the countries and not approved but agreed to be used 
for the PLC-6 assessment (red color). Yellow color indicates the change points which were not considered. 
The document also contains justification by the counties of their positions regarding application of the break 
points for the PLC-6 assessment. 
 

Action requested 
The Meeting is invited to discuss procedure and criteria to be applied to justify statistically identified 
change points and their application for the assessment.  

The Meeting is also invited to identify the scope of discussion on the application of the change points in the 
scientific report. 

https://portal.helcom.fi/meetings/RedCore%2018B-2017-505/MeetingDocuments/Memo%20of%20RedCore%20DG%2018B-2017%20online.pdf
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Overview of change point in net inputs time series of nitrogen and phosphorus in the 
assessment of progress towards national reduction targets 
The tables below provide an overview of the change points statistically identified in the trends of 
normalized net inputs of total nitrogen (table 1) and total phosphorus (table 2). The year when change 
points have been identified are also given in the tables. In some cases, 2 change points were identified in 
trends for nitrogen inputs. Empty sells indicate either no change point or no input (especially in table 2). 

Tabel 1: Total nitrogen        
Country/basin BOB BOS BAP GUF GUR DS KAT Total 

BSS 2005, 2009 2005, 2009 2005, 2009 2005, 2009 2005, 2009 2005, 2009 2005, 2009 2005, 2009 

BY - - 2008 - 1999 - - - 

CZ - - - - - - - - 

DE 2010 2010 1999 2010 2010 - 2012 - 

DK 1999 1999 1999 1999 1999 2011 2012 2011 

EE - - 2000 2011 2002 - - 2011 

EU20 - - - - - - - - 

FI 2006 - 2000 2003 2000 2000 2000 2003 

LT 2000, 2006 2000, 2006 2001 2000, 2006 2008 2000, 2006 2000, 2006 2001 

LV 1998 1998 2000 1998 - 1998 1998 - 

OC 2000, 2006 2000, 2006 2000, 2006 2000, 2006 2000, 2006 2000, 2006 2000, 2006 2000, 2006 

PL 2002, 2007 2002, 2007 1999 2002, 2007 2002, 2007 2002, 2007 2002, 2007 1999 

RU 2000, 2006 2000, 2006 - 2004 1999 2000, 2006 2000, 2006 2004 

SE 2005 2002 - 2012 2012 2003 2006 1998 

UA - - - - - - - - 

Total 2006 2003 2000 2003 2004 - - - 
 

Tabel 2: Total phosphorus        
Country/basin BOB BOS BAP GUF GUR DS KAT Total 

BSS         
BY   -  2006   2005 

CZ   2011     2011 

DE   1999   -  2001 

DK   1999   2000 2003 2000 

EE   - 2002 -   2004 

EU20         
FI - -  -    - 

LT   -  2000   1999 

LV   2006  -   - 

OC - - - - - - - - 

PL   2002     - 

RU   2002 2009 2006   2009 

SE 2002 - -   - - 2002 

UA - - - - - - - - 

Total 2002 2002 2012 2000 2009 2007 - - 
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Results of the change point approval procedure 
 

Country Comment by CP Acceptance of change 
points 

Denmark  approved 
Estonia We have reviewed break-points for the Estonian CART trends 

and our understanding is that we don't have exact years that 
could  be perceived as correct break points because: 
 
1) Estonia has been continuously reducing the pollution load 
from points sources for a long time 
2) The increase in the use of fertilizers since 1990s has been 
steady without any certain leaps at any given year 
3) Fluctuations in river run-off volumes have higher impact on 
pollutant inputs into the sea than anthropogenic sources. 
 
Therefore, the proposed break points don't have strong 
scientific support and have more of a mathematical 
justification for Estonia - to better fit data into trend lines. 
 
Bearing that in mind, we in principal approve these proposed 
break points. 

In principal approve 

Finland  Approved 
Germany We have investigated the break points in the time series and 

can agree on those identified for nitrogen. The break points 
after 2009 in the basins that are only influenced by 
atmospheric deposition from Germany probably show the 
slow-down in emission reductions of NOx from 2010 onwards 
and are also influenced by the low deposition in 2009. The 
significant increase in Kattegat is due to a significant increase 
of ammonia emissions. 
 
We are still working on the break points for phosphorus. In 
particular, we struggle to verify why we have a continued 
decreasing trend for Danish Straits but a stagnation since 
1999! for Baltic Proper while Mecklenburg-Vorpommern and 
Schleswig-Holstein both implement the WFD and to our 
knowledge one is not more successful than the other. You see 
that this trend evaluation is tricky and it is not only a scientific 
but also a management issue (which is why I am worried that 
it lies only in the hands of the PLC group). 
 
We will give you a feedback to phosphorus hopefully by mid 
next week. 

TN break points 
approved 
 
TP input tends need 
further investigation 

Latvia Hereby I approve the break points identified in LV time-series.  
Break point of TN loads to BAP (2000) could reflect the 
recovery of Latvian economics and gradual increase in use of 
N fertilizers.  
Break point of TP loads to BAP (2006) could be caused by the 
inconsistencies in analytical methods, e.g. filtered/settled 
samples used for TP analysis until ~2003-2005. 
Perhaps, larger and more uncertain transboundary inputs via 
Latvia to GUR have masked trends in GUR time-series. 

Approved 
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Lithuania According to point 5.7 in Pressure minutes we suppose to 
approve trend analysis method and suggested break points. In 
regard to trend analysis, we agreed that it could be use in 
assessment of target achievement.  
In regard to suggested break points for Lithuania we have 
mixed feelings :) 
For table 1 in minutes. We agree with 2001 for BAP, but we 
don't agree with 2008 for the GUR, because when we added 
2015 and 2016 in our own assessment we only see gradual 
increase during all period and years 2007, 2008 are only as 
noise. Moreover, agricultural factors, which impacts the most 
pollution with nitrogen are also gradually increasing in this 
basin. Similar trend is observed in nitrogen loads to BAP. So 
we disagree with 2008 break point for GUR. 
As it comes to phosphorus in table 2, we also disagree with 
year 2000 break point load to GUR. We see extremes of 
earlier years were manufactured by the problems with 
measurements. From the WWTP data we see gradual load 
decrease with time, because of decreasing population and 
upgrading treatment facilities. So hope you can eliminate this 
break point as well.  
For the break points to basins where we have no waterborne 
input, we have no opinion. So they could be used as 
suggested.   

Agree TN  2001 for BAP 
Reject GUR 2008 for TN 
Disagree GUR TP 
breakpoint 2000 
Agree TN for basins 
with only atm. TN 

Poland Answer included below the table To sum the above up, PL 
approves the break 
point for N-tot in 1999 
(BAP and total), as well 
as P-tot in 2002. 
Unclear if the break 
point to basins with 
only atm. dep. are 
accepted or not 

Russia  Approved 
Sweden Swedish reply included below table We cannot therefore 

explicitly approve the 
break points at this time 
and request the PLC-6 
data manager not to 
use them in the present 
analysis of Swedish 
progress towards CART 
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Poland 
With regard to the Pressure 7-2017 decision 5.7, on break points approval and explanation we can provide 
the following information: 

All of Poland’s waterborne nitrogen and phosphorus load is discharged into Baltic Proper (BAP). Airborne 
nitrogen load constitutes a small percentage (approximately 10%, on average) of the total Polish load. About 
2/3 of the Polish airborne load is deposited in BAP and the remaining 1/3 is scattered across other parts of 
the Baltic. As a result, trends in Poland’s contribution to the external nutrient loading of the Baltic Sea are 
shaped predominantly by waterborne inputs. In spite of this, the relatively small airborne fraction can play 
an important role in modifying nitrogen load trends, as evidenced by the fact that the marginal nitrogen loads 
to non-BAP basins of the Baltic have affected HELCOM’s trend analysis of Poland’s overall nitrogen load to 
the Baltic in that no break point was detected, whereas a breakpoint in 1999 was detected using the same 
method applied exclusively to total (combined waterborne and airborne) Polish nitrogen load to BAP. 

Nitrogen trends 

The HELCOM nitrogen input trend analysis as presented in the plc6_plots_actual_normlaized_trends-
170917v2-1.pdf file concerns combined waterborne and airborne inputs. Since the trend for BAP only, as 
opposed to the trend for the entire Baltic, which includes the total airborne load, displays a breakpoint in 
1999, it may be safely assumed that the breakpoint is the result of the waterborne input dynamics rather 
than that of the airborne input dynamics. According to the analysis and the above assumption, nitrogen 
inputs showed a strong downward trend from 1995 to 1999 and a slight downward trend from 1999 to 2014. 
In the 6-1 The Seven Biggest Rivers 19092017.pdf file, HELCOM presented the results of a similar analysis for 
the Odra and Vistula, which on average account for about 96% of the waterborne nitrogen load from Poland. 
According to this analysis, the trend for the Odra is a slow but steady decline with no breakpoints, while for 
the Vistula there was a relatively sharp decline until 1999, followed by a very slow decline from then onwards. 
This points to the Vistula basin as the ‘root cause’ of the 1999 breakpoint in the BAP trend.  

Possible causes of nitrogen trends 

If one sets aside natural factors, such as weather anomalies, whose impact is largely, but not completely 
offset by flow normalization, the changes in Poland’s waterborne inputs to the Baltic are undoubtedly due 
to developments in wastewater management and in agriculture, even if the available data is not detailed 
enough to fully account for the input trends and fluctuations. 

In 1989, the year of transition from ‘real socialism’ to free market economy, Poland had no tertiary 
wastewater treatment whatsoever and 40% of domestic wastewater was discharged via sewers without any 
treatment. The percentages of total population and urban population served by wastewater treatment plants 
was less than 40% and about 65%, respectively. By 2000, these percentages rose to about 55 % and almost 
80% while in 2012 they reached about 70% and 90%, respectively. According to official statistics, the share 
of treated wastewater processed in WWTPs with tertiary treatment rose from 0% in 1990 to about 8% in 
1995 to almost 51% in 2012 and about 84% in 2015. On the other hand, the rate at which WWTPs with tertiary 
treatment were put into operation (expressed by the flow capacity of those WWTPs) was about 3 times 
higher in the 1990’s and early 2000’s than later on. This suggests that much of the progress made in recent 
years is due to extension of sewer systems that feed the WWTPs. 

In agriculture, the early years of transformation marked a sudden slump in many key indices of production 
and production intensity. Between 1990 and 1995, mineral fertilizer use dropped by 60%, cattle numbers 
decreased by 32% while total animal production and plant production both dropped by about 20%. Sown 
area decreased by about 10%. The following years, until about 2000, were a period of stagnation with some 
symptoms of normalization. Although overall production did not increase significantly, deep structural 
changes took place in terms of farm size and farming methods. This, coupled with changes in domestic 
agricultural policy and, most notably, the implementation of the Common Agricultural Policy following 
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Poland’s accession to the EU, eventually resulted in a steady and healthy growth of agricultural production 
from about 2000 onwards. Despite a significantly greater (30%) animal and plant production than in 1990, 
some indices crucial to the sector’s environmental impact never recovered to 1990 levels. These include 
mineral fertilizer use (71% of the 1990 level in 2013), cattle numbers (54%) and pig numbers (59%). 
Interestingly, sown area continued to decrease until it reached 76% of the 1990 level in 2002 and has been 
more or less stagnating since. These figures show how much more efficient the sector has become by, among 
others, wasting less fertilizers, increasing meat production by means of shortening production cycles and 
increasing milk production by means of increasing milk output per cow and producing more on a smaller 
area. It should also be noted that regardless of the volumes and intensity of agricultural production, 
awareness of agriculture’s environmental impacts among farmers has definitely improved, as has the 
management of both mineral and natural fertilizers. 

In view of the above data one may conclude that the general downward trend in nitrogen inputs to BAP is 
generally consistent with basic data on wastewater management and agriculture. The trend owes more to 
changes in agriculture than to changes in wastewater management, not least because overall agriculture is a 
larger source of nitrogen than wastewater from point sources. The great slump in agriculture in the first half 
of the 1990’s largely explains the breakpoint in 1999 if one takes into account a certain lag period associated 
with the transport of nitrogen through the catchment areas and the gradual washing away of the excess 
nitrogen that had built up in the soils and groundwater. The contribution of improvements in wastewater 
treatment must have been very modest initially, considering not only the relative importance of agriculture 
and wastewater, but also the time and resources needed to make progress which, in most cases involved 
building virtually completely new WWTPs.  On the other hand, those early WWTP projects in the 1990’s and 
early 2000’s ensured the elimination of the most glaring cases of discharge of raw sewage from large cities. 

Phosphorus trends 

The HELCOM phosphorus input trend analysis as presented in the plc6_plots_actual_normlaized_trends-
170917v2-1.pdf file concerns combined waterborne inputs, since airborne inputs are ignored as insignificant 
in HELCOM statistics. The trend for BAP only, as opposed to the trend for the entire Baltic, displays a 
breakpoint in 2002. This is surprising, since the load and flow data series for the entire Baltic and BAP are 
identical. Perhaps the reason for the two different results of trend analysis of the same data lies in the 
approach to the 2014 phosphorus load data. On visual inspection, it seems that in the Baltic diagram, the 
2014 load was disregarded as erroneous in the trend analysis, while in the BAP diagram the 2014 load was 
included in the trend calculations as valid data. It may be useful to point out that preliminary calculations of 
Poland’s 2015 normalised phosphorus load suggest that, regardless of the causes (real load increase or 
measurement error), the 2014 figure was a one-off peak rather than part of an upward trend. It may be 
added that in the 6-1 The Seven Biggest Rivers 19092017.pdf file, HELCOM presented the results of a similar 
analysis for the Odra and Vistula, which on average account for about 90% of the phosphorus load from 
Poland. According to this analysis, the trend for the Odra is a moderate decline until 1999, followed by a slow 
decline until 2011, followed by an upward trend, while for the Vistula no significant trend was detected. 
However, the latter conclusion was based on the assumption that the 2014 Vistula load is erroneous data 
(Søren Erik Larsen, pers. comm.). 

Possible causes of phosphorus trends 

The general description of the changes in wastewater management and in agriculture, presented in the 
context of nitrogen, is also valid for phosphorus. However, some qualifications need to be made to get a 
more plausible picture of the mechanisms underlying the phosphorus load trends. Firstly, all estimates 
indicate that in the case of phosphorus the relative significance of point source wastewater discharge is 
greater than in the case of nitrogen and that the significance of agriculture is smaller. This means that in the 
case of phosphorus, developments in wastewater management generally have a greater impact on inputs to 
the Baltic than in the case of nitrogen. Secondly, it is possible that much of the phosphorus reduction in 
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WWTPs was achieved before 1995 and so is not reflected in the HELCOM data series. Regulations requiring 
nutrient removal were first introduced in 1991. They called for a reduction of total P to 5 mg/l and 1 mg P/l 
by all plants discharging to rivers and lakes, respectively. No reliable statistics on P in treated wastewater 
from that period exist, but it is very likely that WWTPs were able to relatively quickly adjust to the regulations, 
as implementing chemical P precipitation is relatively cheap and uncomplicated, as opposed to 
denitrification. Thirdly, changes in regulations introduced in 2006 following Poland’s accession to the EU 
resulted the waiving of the requirement to reduce phosphorus for the vast majority of WWTPs with less than 
10 000 PE, although it should be emphasized that at the same time the requirements for the largest WWTPs 
were made more stringent. The typical period of validity of wastewater permits is 10 years, so it is likely that 
the full impact of the regulatory changes was spread across the period 2006-2015. It is quite possible that 
any decrease in P loads from large plants in this period was offset or even outbalanced by an increase in P 
loads from small plants. However, no firm conclusions can be made in this regard, as the waiving of the need 
to reduce P was accompanied by the waiving of the need to monitor P loads from small plants. Finally, the 
recent great expansion of sewer systems into rural areas may have resulted in the discharge, via WWTPs, of 
P loads that otherwise would have not reached surface waters due to very low mobility of P in soils. All of 
these possible factors would have the effect of “levelling out” the phosphorus input data series, i.e. reducing 
the slope of the downward trend.  

With regard to agriculture, at least two interrelated factors could have contributed to the reduction of the 
downward phosphorus load trend. Firstly, phosphorus is known to accumulate in soils and is only 
transported/released in larger amounts during storm events leading to surface runoff. This means that the 
lag between the slump in agriculture and the associated reduction in P loads was probably greater than in 
the case of nitrogen. Secondly, the very low mobility of P in soils probably means that only areas very close 
to surface waters really matter in terms of P input to surface waters. For this reason the fact that e.g. sown 
area today is significantly smaller than in 1990 or even in 1995 may not be as important as in the case of 
nitrogen, because it is quite clear that the reduction of sown area was largely due to abandonment of poorer, 
coarse soils with little P content while virtually all of the more fertile soils characterized by high clay content, 
and thus more susceptible to water erosion and P transport, continue to be cultivated. 

 To sum the above up, PL approves the break point for N-tot in 1999 (BAP and total), as well as P-tot in 2002 
. 
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Sweden 
Breakpoints in nutrient load data 

HELCOM Pressure 7/2017 in Vilnius agreed that Contracting Parties would explicitly approve the break 
points identified during the trend analysis procedure and inform the PLC-6 Project Manager Lars Svendsen 
and the HELCOM Secretariat by the 10th November (§5.7). 

The following breakpoints were identified in data from Sweden: 

Basin Total nitrogen Total phosphorus 

Bothnian Bay 2005 2002 

Bothnian Sea 2002  

Baltic Proper   

Gulf of Finland 2012 (atmospheric)  

Gulf of Riga 2012 (atmospheric)  

Danish Straits 2003  

Kattegat 2006  

Whole Baltic 1998 2002 

 

County Administrative Boards and River Basin Management Authorities were contacted to see if they could 
provide explanations for the apparent changes. While they were gladdened by the apparent increase in 
rate of reduction of nitrogen inputs in the second half of the data series, they were unable to explicitly 
describe which activities had led to the change in the time available. Additional analysis by SwAM’s data 
consultant has identified similar changes in the nitrogen data series some time between 2002 and 2007, 
but with some variation in exactly which year the changes occurred. Some breakpoints appear during 
extremely wet or dry years, which may indicate issues with flow normalisation. 

We cannot therefore explicitly approve the break points at this time and request the PLC-6 data manager 
not to use them in the present analysis of Swedish progress towards CART. We intend to look more 
carefully at these data under 2018. 

We greatly appreciate the work of the PLC-6 project manager and do apologise for the additional work that 
this decision entails. 
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