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Outcome of HELCOM HOLAS II Workshop on integrated eutrophication 

assessment (HOLAS II Eutro WS 1-2018) 

Introduction 
The HELCOM HOLAS II project (Project for the development of the second holistic assessment of the Baltic 

Sea) runs from December 2014 to June 2018. In June 2017 the project provided the first version of the ‘State 

of the Baltic Sea’ report which is publically available online through a dedicated HELCOM web-site. The report 

presents the HELCOM second holistic assessment of environmental status of the Baltic Sea and addresses 

the status of pressures, their impacts on ecosystem components, their spatial distribution, and economic and 

social analyses of selected human activities.  

In the first version of the ‘State of the Baltic Sea’ report the integrated assessments of status were based on 

data from the period 2011-2015. The updated and final version of the report also includes data from 2016, 

thus extending the assessment to cover a six year period. For this purpose the HELCOM core indicator 

evaluations and integrated assessments have been updated. The integrated assessment on eutrophication is 

based on the HEAT tool developed by previous HELCOM projects. 

The HOLAS II Workshop on integrated eutrophication assessment validated the results of the updated 

assessment and reviewed the associated supplementary report. 

 

Workshop 
The workshop was held on 19 March 2018 at the premises of the HELCOM Secretariat, Helsinki, Finland. 

The agenda of the Meeting is contained in Annex 1. 

The Meeting was attended by representatives of Denmark, Estonia, Finland, Germany, Latvia, Poland and 

Sweden according to the list of Workshop Participants which is included as Annex 2. 

The Workshop was chaired by Ms. Vivi Fleming-Lehtinen, SYKE, Finland. 

Laura Meski, Assisting Professional Secretary, and Ulla Li Zweifel, Project Manager, HELCOM Secretariat, 

acted as secretaries to the workshop. 

  

http://stateofthebalticsea.helcom.fi/
http://stateofthebalticsea.helcom.fi/
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Introduction 
1. The Chair clarified the framework for the workshop: 

- The updated indicator evaluations and the associated data from 2011-2016 have been 

approved by the Contracting Parties and the integrated assessment methodology to be used in 

HOLAS II has been agreed. 

- Based on the updates the supplementary report on integrated eutrophication assessment has 

been revised and provides the main background document to the meeting (document 2-1). 

Additional updates to tables and annexes to the report are provided in document 2-3. The aim 

of the workshop is to validate that results are correct and to propose amendments and 

improvements to the supplementary report as seen necessary. 

- Document 2-2 ‘Testing of a new concept of using EO and models for chlorophyll a assessment 

in 2011-2016’ is an information document from Poland that will be discussed in detail at the 

IN-Eutro 10 meeting held back-to-back to the workshop. Document 2-4 ‘Outcome of national 

checking of HELCOM Eutrophication indicators’ and document 2-5 ‘Open sea indicator results’ 

have been submitted as information documents to support the workshop.  

- The participants agreed to the agenda for the workshop (Annex 1). 

2. Denmark informed on the ongoing review of Total-N and Total-P measurements which show that 

there has been an underestimation of a subset of measurements since 2010 due to a 

methodological issue. Aarhus University is developing a method to correct the data but it is 

estimated to take one year for completing the revision. The error will affect the nutrient input 

calculations and the nutrient concentrations and it is expected that the ‘good status’ of Kattegat 

will change to ‘not good' for TN and possibly also for the Great Belt. The workshop agreed on the 

suggestion to include an explanatory text to the eutrophication supplementary report as contained 

in Annex 3 to reflect the situation.  

3. Germany informed on an error noted in the handling results for biological quality elements where 

EQR values reported as zero have been interpreted as ‘not assessed’ in the assessment of coastal 

water bodies while the zero-value indicates that they belong to the worst status class. The workshop 

noted that the HEAT assessment will be re-run in week 13 and that this error will then be corrected. 

4. Latvia proposed to include the ‘State of the soft-bottom macrofauna indicator’ in the eutrophication 

assessment of Gulf of Riga. The workshop recalled that the macrofauna indicator was accepted as a 

substitution to the oxygen indicator in the northern sub-basins while in the southern sub-basins of 

the Baltic Sea the indicator results are considered to reflect the effect of other pressures as well and 

it was thus excluded. The workshop acknowledged that the macrofauna indicator is representative 

of eutrophication in the Gulf of Riga and supported the proposal to include it in the assessment. The 

Secretariat will look into the possibility to include the macrofauna indicator data when re-running 

HEAT. 

5. It was noted that several countries would like to explore the option of using data driven assessments 

of coastal waters in the future, recognizing that it is not possible to be implemented within the time-

frame of HOLAS II.  

Revisions to the supplementary report on integrated assessment of eutrophication 
2. The Chair presented the updated results on the integrated assessment of eutrophication 

(Presentation 1).  

3. In table 10, presenting results in open vs coastal waters, the workshop noted that the results on 

eutrophied area for the respective country do not necessarily correspond to national estimates since 

the information on national EEZ borders available to the Secretariat are not precise enough. The 

workshop agreed to add a footnote reflecting that the numbers are rounded.  
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4. For tables 8 and 10 the meeting agreed to revise the information on % area in good/not good status 

so that it shows % area per coastal and open seas area respectively and to add a third column to 

show % area in good/not good status per total Baltic Sea area. 

5. For Tables 11 and 13-15 it was agreed to add a column to reflect the integrated status of criteria 

groups. It was noted that integrated status of criteria groups will not be possible to consider in terms 

of trends due to addition of new indicators since the previous eutrophication assessment. 

6. The workshop discussed the evaluation of trends in indicators as illustrated by use of arrows in table 

11 and 12. It was noted that the direction of arrows was used in different ways in the two tables and 

furthermore that the results on trend in the column showing the integrated assessment were 

inconsistent with indicator results. The workshop agreed to use ‘smileys’ in Table 11 to illustrate 

deteriorating and improving conditions and for the column with integrated status assessment it was 

agreed that the arrow should only refer to changes in overall status classification. For Table 12 it was 

agreed to keep the use of arrows and explain in text that for water clarity the direction of the arrow 

goes in the other direction. 

7. It was noted that for some sub-basin the trends of indicators are particularly uncertain or not 

reflecting the actual situation e.g. due to lack of monitoring for certain years (Gulf of Riga), lack of 

data from certain areas of the sub-basin (Gulf of Finland, eastern part). It was agreed to address these 

limitation in footnotes to be integrated in the table (see also point 11). 

8. For future analysis of trends the workshop recommended to consider how to address possible break 

points in the data series.  

9. The workshop discussed the confidence assessment and agreed to split table 7 so that confidence in 

status and targets are shown separately and also to include a more extensive description of the 

confidence rating and its limitation in the supplementary report (see also point 11). The workshop 

furthermore noted that an error has been detected in the confidence rating and that this will be 

corrected. 

10. Editorial revisions as contained in Annex 4 were also agreed. Comments received from Contracting 

Parties prior to the workshop are available at the HOLAS II workspace for the supplementary 

eutrophication report and will also be considered when updating the report. 

 

Additional to the supplementary report on integrated assessment of eutrophication 
11. The workshop discussed the content of the supplementary report and agreed that the following 

topics should be addressed in more depth:  

- how to integrate results on coastal areas and to add comparison and reflection on coastal 

vs offshore assessment results into the report. It was agreed to add a table showing the use 

of coastal indicators by country and to include also time periods used for the coastal 

indicator in the Annex to the report. Secretariat will make a proposal for the suggested 

tables which will be circulated for comments. 

- address the limitation in estimates of trends in indicators in footnotes to tables 11 and 12 

and in the text and to reflect in the text the direction of trends in indicators and what can be 

expected in the future. 

- amend the information on confidence assessment including to address its limitations.  

- revise the comparison of results between criteria groups.  

- revise the description of water clarity since the text description does not match that water 

clarity is considered as direct effect of eutrophication. 

12. Proposed amendments were developed as contained in Annex 5 and will be transferred to the 

supplementary report by the Secretariat using tracked changes. 
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Summary findings 
13. The workshop considered the presentation of summary findings of the integrated eutrophication 

assessment and recommended to build the highlights on: 

- the significant reduction of nitrogen input,  

- % of the Baltic Sea in eutrophied status 

- note that indicators for nutrient levels are furthest away from good status, thus having 

highest influence on the integrated assessment results 

- long term improving eutrophication status in the westernmost parts of the Baltic Sea  

- reflect on the results of long-term and short-term evaluation of trends for indicators  

- % of coastal areas in eutrophied status 

- reflection on cases where coastal waters are in good status and offshore water in not good 

status. 

Outcome of the workshop 
The Outcome of the workshop and the amended supplementary report will be updated according to the 

discussions at the workshop and submitted to HOLAS II 9-2018 for consideration. 

The outcome of the workshop was agreed by correspondence. 
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Annex 1. Provisional Agenda and time-table 
Time Activity 

9:00 
 

Words of welcome  

Introduction to the work of the day and key questions for the workshop 

- Plenary discussion on the updated integrated assessment results 

10.30-11.00 Coffee break 

11.00-12.00 - Continued discussion on the updated integrated assessment results 

12:00-13.00 Lunch break  

13:00-15:30 - Work to propose amendments or improvements to the supplementary 
report 

15:30-16:00 Coffee break 

16:00-17:00 - Summary of discussion: recommendations from the workshop to the 
HOLAS II project 

Note: the outcome of the workshop will be agreed by correspondence within two 
days after closure. 
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Annex 2 – Participant list 
Representing Name Organization Email address 

Chair    

 Vivi Fleming-Lehtinen Finnish Environment Institute vivi.fleming-lehtinen@ymparisto.fi 

Contracting Parties    

Denmark Signe Jung-Madsen Danish Ministry of Environment and Food sijun@mfvm.dk 

Denmark Stiig Markager Århus University markager@bios.au.dk  

Estonia Stella Stoicescu Tallinn University of Technology Department of 
Marine Systems 

Stella.Stoicescu@ttu.ee  

Finland Janne Soumela Centre for Economic Development, Transport and 
the Environment for Southwest Finland 

janne.suomela@ely-keskus.fi  

Finland Harri Kousa Finnish Environment Institute harri.kuosa@ymparisto.fi.  

Germany Wera Leujak German Environment Agency wera.leujak@uba.de  

Germany Marina Carstens Ministry of Agriculture and Environment 
Mecklenburg-Vorpommern 

m.carstens@lm.mv-regierung.de  

Latvia Juris Aigars Latvian Institute of Aquatic Ecology juris.aigars@lhei.lv  

Lithuania    

Poland 
 
Wojciech Krasniewski 

 

Institute of Meteorology and Water 
Management, National Research Institute, 
Maritime Branch, Gdynia 

wojciech.krasniewski@imgw.pl  

Sweden Karin Wesslander Swedish Meteorological and Hydrological Institute karin.wesslander@smhi.se 

HELCOM Secretariat    

 Laura Meski HELCOM Secretariat laura.meski@helcom.fi 

 Joni Kaitaranta HELCOM Secretariat joni.kaitaranta@helcom.fi 

 Laura Hoikkala HELCOM Secretariat laura.hoikkala@helcom.fi 

 Lena Bergström HELCOM Secretariat lena.bergstrom@helcom.fi 

 Ulla Li Zweifel HELCOM Secretariat ullali.zweifel@helcom.fi 

 Jannica Haldin HELCOM Secretariat jannica.haldin@helcom.fi 

mailto:vivi.fleming-lehtinen@ymparisto.fi
mailto:sijun@mfvm.dk
mailto:markager@bios.au.dk
mailto:Stella.Stoicescu@ttu.ee
mailto:janne.suomela@ely-keskus.fi
mailto:harri.kuosa@ymparisto.fi
mailto:wera.leujak@uba.de
mailto:m.carstens@lm.mv-regierung.de
mailto:juris.aigars@lhei.lv
mailto:wojciech.krasniewski@imgw.pl
mailto:karin.wesslander@smhi.se
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Annex 3. Information on Danish measurements of TN and TP  
To be added to the supplementary report 

Denmark has discovered that since 2010 two different methods have been used to determine the content 
of total nitrogen (TN) and total phosphorus (TP) in Danish water samples from both freshwater and marine 
systems. Traditionally samples have been analyzed with an autoclave procedure which gives the most 
precise measurement of TN and TP. However since 2010 a method using UV light has also been applied in 
various periods of time. 
 
For both marine and freshwater samples the use of the UV method have resulted in concentrations of TN 
being systematically underestimated. This might affect content and conclusions in this report in regard to 
the status assessment of Danish waters. There are indications that the status of TN in Kattegat and Great 
Belt might change to "not good" when the data are corrected. In regard to TP, the concentrations seem 
only to be underestimated in freshwater samples, whereas in marine samples a systematic difference 
between the two methods could not be proven. As a consequence of the underestimated TN and TP 
concentrations in freshwater samples, the assessment of nutrient input to Danish basins are probably 
underestimated as well.  
  
Aarhus University is developing a method to correct the data back in time. When corrected data is available 
a new dataset for Danish waters will be submitted." 
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Annex 4. Agreed editorial changes and issues to be checked: 
- Check if figure on input of nutrients is using the latest result of the MAI follow-up. 

- Exchange use of the word from ‘coast’ to ‘coastal’ as appropriate. 

- Figure 7, footnote stating that Gdansk Basin was only assessed with Polish data. Since this is not 

correct for all indicators; check if this refers to a specific indicator. Clarify or remove footnote. 

- Table 2 and 11; use point instead of decimal. 

- Delete footnotes  in Table 6  

- Table 11 with core indicator results; remove footnotes.  

- Weighing factors; add to chapter 3.1 from the table in in Eutrophication manual. 

- A1.2 and A1.3 table. Clarify that the tables reflect indicator results reported by Contracting Parties 

(not HEAT output). 

- Figure A2.1. Consider how the line representing good status in graphs on long-term trends can be 

visually improved 
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Annex 5. Proposed additions to the supplementary report 

a) New sub-chapter on assessment of coastal waters: 
4.3.3. Coastal waters 

For coastal areas there is variation in what indicators were used in different national waters of the Baltic 

Sea, decreasing the geographical comparability. Altogether, 37 coastal indicators were reported and used 

(table X).These are all indicators that are used under the WFD assessment of ecological status.  

Table X Overview of the indicators used by HELCOM Contracting Parties in the coastal areas. 
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Nutrients TN   X       

 TP   X       

 DIN          

 DIP          

Direct effects Chla X  X       

 Secchi   X       

Indirect effects - 
Macrophytes 

Depth limit 
of Fucus 
vesiculosus 

  X       

          

Indirect effects 
macrozoobenthos 

BBI Index   X       

          

Indirect effects 
oxygen 

   X       

 

Looking at the assessment results for the integrated assessment [86%] of the coastal waters were not in 

good status, [9%] were in good status and [5%] were not assessed. While for the open sea 100% of the area 

was not in good status some coastal waters in particular in the Bothnian Bay, Bothnian Sea, Aland Sea and 

Kattegat were in good status [need to check basins]. In particular indirect effects achieved good status in 

many of the coastal areas, including the Swedish coast and much of the Estonian and Finnish coasts (see 

Figure 7). 

Given that eutrophication is predominantly caused by excessive riverine nutrient inputs it would be 

expected that the eutrophication status of the coastal waters would not be better than the open sea. As 

the current assessment shows this is not always the case. A reason for this might be differences in coastal 

indicators between Contracting Parties were, for example: 

[These paragraphs, with exception of para 5 was taken from section 4.1 on confidence assessment. In 

section 4.1 there should be one sentence explaining why no confidence assessment was done for the 

coastal areas] 

1. Different indicators used for the same criterion. This was the case especially regarding indicators of 

macrovegetation, macrozoobenthos and nutrients, but to some extent also bottom oxygen and 

phytoplankton. Some contracting parties reported multi-parametric indicators (in practice WFD quality 

elements), whereas others reported single indicators. 
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2. Distinctly different assessment seasons for the corresponding indicators. Changes in the indicator 

evaluation season could alter the ecological relevance of the indicator completely. In some cases the 

difference was more subtle, in differing only by a month or two. This was common for nutrients, 

chlorophyll-a, and Secchi depth indicators.  

3. Different statistical approach for the same indicator. For example, the bottom oxygen indicator 

could be salinity normalized in some areas but not in others. 

4. Differences in target-setting principles for the same indicator, especially for indicators that have 

not been inter-calibrated under the WFD, such as bottom oxygen. 

5. Lack of harmonization of the targets used in national waters and in adjacent open sea, for example, 

nutrient concentration targets in the Finish part of the Gulf of Bothnia. 

6. Different reporting period. The official reporting period for coastal areas was the same as for open 

sea areas, in other words 20011-2016. However, the previous WFD reporting period 2007-2012 was applied 

by many Contracting Parties.  

For detailed assessment result of coastal areas per indicator and per country see Annex X. 

For the coastal waters it was not possible to compare assessment results with previous assessments 

because this assessment has used the WFD results of ecological status while the current assessment used 

HEAT 3.0 to integrate the WFD indicators and both methodologies are not directly comparable. In addition, 

for some countries the assessment period of 2007-2012 was used for both assessments.  

Take tables A 1.1. and A1.2. (explain in the table caption that the eutrophication ratio is shown and provide 

the class boundaries and apply red/green colouring to the assessment results) 

Changes to Chapter 4 Results of the integrated assessment 

For a discussion of the integrated assessment results for coastal areas see chapter 4.3.3. 

b) Revised footnotes in relation to trends of indicators 

Table 11: Footnotes 
Dissolved inorganic phosphorus: All the northern areas: The increase is due to inflow of saline water which 

pushes up bottom water with high phosphorus concentrations. This negative development is therefore due 

to natural variability and temporarily counteracts the efforts to reduce the anthropogenic loadings. (Eilola 

et al. 2014) 

Gulf of Finland: The present comparison that shows unchanged conditions does not reflect the positive 

development in the eastern parts. Reduced phosphorus loading has improved conditions in the eastern 

part but this is masked by the inflow of saline water that has increased phosphorus in the western parts of 

the gulf. [reference to the first footnote] 

Kattegat, Great Belt and Sound: The positive development and good status for some of the direct effects 

does not reflect a significant decrease in conditions over the period from 2011-2016 (Hansen et al. 2017) 

[to be further edited] 

Bornholm Basin: [add text from document to S&C on this topic]. 

Proposal: Arrows in the last column with “integrated status assessment result” would show only the change 

in status (in five classes) 
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Table 12 
The year 1990 was chosen as the starting point, as this year represent approximately the situation with 

maximum loadings to the Baltic Sea and hence a likely turning point for the environmental conditions 

 

Chapter 5, Main text – exchange text 
The levels of nitrogen are predominantly decreasing, with the exception of some sub-basins in the southern 

Baltic Sea. This corresponds with the substantial decrease in nitrogen loadings and prove that the 

mitigation efforts are effective 

The phosphorus concentrations does not show the same improvement. For most areas the levels of 

phosphorus are constant or even increasing with the exception of a decrease in total phosphorus 

concentrations in the Great Belt and Kiel Bay. This is expected as phosphorus is stored in the sediment to a 

much higher degree than nitrogen, relative to the inputs, so the present conditions reflect the previous 

high inputs. In addition, the aforementioned inflow of high saline water has affected the situation the last 

years. However, over coming decades we still expect the phosphorous concentrations to decrease. 

Water clarity is related to the attenuation of light, caused by particulate and dissolved matter in the water 

column. Both of these fractions may have eutrophication-related and non-eutrophication-related 

components. Eutrophication is seen to encompass the portion organic matter produced within the sea, in 

the form of autotrophic phytoplankton or as other organic matter. The total amount of organic matter in 

the system is at a high level after many decades of elevated nutrient inputs; water clarity is not expected to 

decrease before the pools of organic matter is degraded or washed out of the Baltic Sea. However, the 

improvements in the most northern parts are promising. 

c) Revised text on long time development in core indicators – exchange text 
In this chapter we are evaluating the long-time development in the core indicators. The purpose is to 

document the possible long time effects of the efforts to mitigate nutrient inputs. The year 1990 was 

chosen as the starting point, as this year represent approximately the situation with maximum loadings to 

the Baltic Sea and hence a likely turning point for the environmental conditions. An evaluation of the long 

term trends has some advantages over evaluating the last six year period (chapter 4) due to two factors. 

One is the natural variability in climate and hydrography, which sometimes causes conditions to 

temporarily deteriorate even that the long term development is positive. A recent example is the high 

inflow of saline water in December 2014 there has caused bottom water with high phosphate 

concentration to intrude into surface waters. Secondly, the Baltic Sea has a water residence timer of xx 

years and the pools of nutrients and organic matter accumulated over decades with high nutrient inputs 

are very large and will delay the improvement in environmental conditions.  

A summary of the core indicator evaluations is given below, together with an evaluation of how they have 

changed over time. More details about each of the agreed HELCOM core indicators are given in the core 

indicator reports[1]. The trends were evaluated for the eutrophication core indicators with respect to the 

time period 1990-2016, by Mann-Kendall non-parametric test. The analyses of nutrient levels, chlorophyll-

a, and water clarity were based on monitoring data provided by HELCOM Contracting Parties via the 

HELCOM COMBINE database. In addition, trends in the ‘Cyanobacterial bloom index’ were evaluated for 

the Eastern Gotland Basin, Northern Baltic Proper and Gulf of Finland, based on data on ‘areal fraction with 

cyanobacteria accumulations’ (FCA) and sub-basin division presented in Kahru and Elmgren (2014) and 

correlation of FCA with ‘cyanobacterial surface accumulations’ , as presented by Anttila et al. (2018). For 

‘Oxygen debt’, the long-term trend is presented for the Baltic Proper based on the data and sub-basin 

division of HELCOM (2013).  
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Overall the analyses show a long term improving eutrophication status in the westernmost parts of the 

Baltic Sea (Table 12) and for nitrogen for most of the Baltic Sea.  The levels of nitrogen are predominantly 

decreasing, with the exception of some sub-basins in the southern Baltic Sea. This corresponds with the 

substantial decrease in nitrogen loadings and prove that the mitigation efforts are effective. The 

phosphorus concentrations does not show the same improvement. For most areas the levels of phosphorus 

are constant or even increasing with the exception of a decrease in total phosphorus concentrations in the 

Great Belt and Kiel Bay. This is expected as phosphorus is stored in the sediment to a much higher degree 

than nitrogen, relative to the inputs, so the present conditions reflects the previous high inputs. In addition, 

the aforementioned inflow of high saline water has affected the situation the last years. However, over 

coming decades we still expect the phosphorous concentrations to decrease. 

d) Revised and new text on the confidence assessment 
The confidence of the results in open sea assessment units is assessed at both indicator level and 

integrated eutrophication status level (HELCOM 2015b). The final confidence rating for each assessment 

unit may range from high-moderate-low. 

The calculation of confidence is done in three steps:  

1.       Confidence in the indicator-specific threshold value (ET-Score) and i value (ES Score), based on 

confidence in the data used to calculate the status value (see HELCOM 2015b) are combined by averaging 

to determine the confidence of each indicator.  

The ET-scores in open-sea core indicators were based on the confidence of the target-setting methodology: 

where historical data could be used, the confidence was higher than where only ecological modeling was 

applied. A table with justification on ET-scores is presented in the monitoring manual.  

The ES-scores were based on the number of monitoring observations available from the assessment period, 

in other words, describing temporal representativity of monitoring data. LOW confidence is assigned if 

there are no more than 5 annual status observations from the assessment season during one or more 

years. MODERATE confidence is used if more than 5 but no more than 15 status observations are found 

during the assessment season during the year with least observations. HIGH confidence requires more than 

15 spatially non-biased status observations are found during the assessment season each year.  

2.      Criteria-specific confidence is assessed as the (weighted) arithmetic mean of the confidences of the 

indicators within each criteria. In order to be able to average, the final confidence rating for each 

assessment is given a value between 100% and 0% and is grouped into three confidence classes: high 

(100%), moderate (50%) and low (0%).  

3.      The final confidence rating is the arithmetic mean of the criteria-specific confidences. All criteria are 

weighed equally, and criteria groups not having any indicators are ignored. Indicators that have not been 

assigned confidence values are not included in the confidence assessment. 

4.      If a criterion is only represented by one indicator, the criteria-specific confidence is reduced by 25%. If 

the assessment is based on only a single criterion, the final confidence rating is reduced by 50%. 

Table 5. Confidence categories of the integrated eutrophication assessment. The colours are those used in 

the confidence maps, which are associated to the integrated eutrophication status assessment 

Confidence Score Confidence Status 

High (> 75%)   

Moderate (50- 74%)   

Low (< 50%)   
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This concept of assessing confidence is not fully in line with that used in the HELCOM integrated 

assessment of biodiversity using the BEAT tool, in that it does not include estimates on spatial 

representativity, accuracy or methodologic confidence of the monitoring data..  

The confidence assessment was not made in coastal waters. 

e) revisions on page 26  
1st In many open-sea areas, good status was not achieved with respect to any of the criteria nutrient levels, 

direct or indirect effects of eutrophication (Figures 7–8). Nutrient levels were in good status only in the 

Great Belt, and direct effects in the Kattegat Indirect effects were in good status north of and including the 

Åland Sea, covering 25% of the open-sea area.  Generally, indicators for nutrient levels were furthest away 

from good status, and thus had highest influence on the integrated assessment results. This is especially 

evident for Bornholm Basin where shallow stations located in the Pomeranian Bay had significant impact on 

nutrient level results. [refer to new table on criteria group results] 

4th para A relatively poorer status in nutrient values and direct effects in comparison to indirect effects, as 

observed, may be opposite to expectations on how the ecosystem would respond to reduced loading. 

f) revisions on page 12 
2nd para  

To asses nutrient levels in the surface water, eutrophication core indicators on the concentrations of 

nitrogen and phosphorus were used (HELCOM 2017c-f). Primary producers need both nitrogen and 

phosphorous for growth. Dissolved inorganic nitrogen and phosphorus, which are directly utilizable by 

primary producers, are measured in the winter season when primary productivity is low and the 

concentrations largely unaffected by uptake and hence represent the pool available for phytoplankton 

growth.most of the nutrients are expected to be dissolved in the water column. Core indicators for total 

nitrogen and total phosphorus also include nutrients that are bound in organic matter, mainly as dissolved 

organic nitrogen (DON) and phosphorus (DOP), but also bound in phytoplankton, or detritusin particles in 

the water. As inorganic nutrients entering the sea is rapidly transformed into DON and DOP (Markager et 

al. 2011), which again re-mineralise Knudsen-Leerbeck et al. 2017) (Thus, these concentrationsthey provide 

an estimate of the total level of nutrient enrichment in the sea. Measurements of total nutrients serve to 

accommodate for the potential effects of climate changes on the results, since warmer winter 

temperatures are expected to prolong the season for primary productivity, and thus enhance the share of 

nutrients that is bound in phytoplankton compared to dissolved forms during the winter season. 

4th para 

To assess indirect effects of eutrophication, the eutrophication core indicator ‘Oxygen debt’ was used 

(HELCOM 2017j). This core indicator measures the volume-specific oxygen debt, which is the oxygen debt 

below the halocline divided by the volume of the water mass below the halocline. Hence, the indicator 

estimates how much oxygen is ’missing’ from the Baltic Sea deep water, primarily as a result of degradation 

of organic matter decomposition. 

Markager, S., C.A. Stedmon & M. Søndergaard (2011) Seasonal dynamics and conservative mixing of dissolved organic 
matter (DOM) in the temperate eutrophic estuary Horsens Fjord. Estuarine and Coastal Shelf Science, 92, 376-388. doi: 
10.1016/j.ecss.2011.01.014. 

Knudsen-Leerbeck, H., M. Mantikci, M. Bentzon-Tilia, S. J. Traving, L. Riemann, J.L.S. Hansen, S. Markager (2017) 
Seasonal dynamics and bioavailability of dissolved organic matter in two contrasting temperate estuaries 
Biogeochemistry, 134, 217-236, /doi:10.1007/s10533-017-0357-2 

 


