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Background 
One task of the EUTRO OPER project is to develop new core eutrophication indicators. EUTRO OPER 1-2014 

decided that indicators for total nutrients should be developed. Germany, offering to lead the work, presented 

preliminary findings from the southern Baltic areas at EUTRO-OPER 2-2015, with suggestions on how to 

proceed. This document provides an update. 

This work is contribution to subtask 3b.i in the EUTRO-OPER roadmap. 

 

Action required 
The Meeting is requested to discuss the findings and decide on how to proceed regarding development of 

total nutrient indicators. 
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Indicator rationale for total nutrients 
The added value of TN and TP as core indicators is to strengthen confidence in the eutrophication assessment 

through linking eutrophication effects to nutrient enrichment. In particular these parameters allow to take 

account of climate change in the eutrophication assessment since higher temperatures will lead to year-round 

phytoplankton proliferation and / or possible changes in zooplankton communities. To illustrate this point 

Germany, has in recent years in the North Sea, observed diverging trends of TP and DIP. While DIP 

concentrations have decreased, TP concentrations have increased (see Fig.1). A possible reason for this 

observation could be that in winter more phosphorus is bound in the phytoplankton due to the higher water 

temperatures. In such a situation assessing only DIP concentrations gives the wrong impression that nutrient 

concentrations seem to be declining, while, in fact, they are stable or increasing as can be seen when also 

assessing TP. TN and DIN concentrations, by contrast, still show corresponding trends in the German Bight 

(North Sea), however, in the future DIN is also expected to decrease since phytoplankton growth will 

commence earlier. Differences between the behaviour of nitrogen and phosphorus can possibly be explained 

by the much more complex hydrochemistry of phosphorus. With declining pH due to acidification P-complexes 

are increasingly released from the sediments.  

For the German Baltic Sea, data have not been analysed for this document, but it is expected that the situation 

is comparable to the North Sea. In conclusion, to get a good understanding of the trend in nutrient 

concentrations in the marine environment monitoring and assessing both, total and dissolved nutrients, is 

important. 

Figure 1. Time series of winter TP/DIP in the German Bight (error bars indicate 95% confidence intervals). Source: BSH, S. Weigelt-Krenz  

Another added value of total nutrients as indicators is that they respond to the requirements of the MSFD 

(table 1, annex III mentions spatial and temporal distribution of TN and TP). Lastly, total nutrients are also 

essential for calculating nutrients budgets to assess transboundary fluxes. 

 

Comparison of spatial and temporal distribution of the total and inorganic fractions 

Nitrogen 
During phytoplankton blooms, inorganic nutrients in surface layers are often almost completely consumed, 

leading to nutrient limitation. This results in a large seasonal variability of nutrient concentrations. For this 

reason DIN and DIP are usually measured and assessed during winter, when biological activity is lowest. Total 

nitrogen and total phosphorus, which include all forms of N and P compounds, are more robust parameters 

and can be assessed throughout the year (BSEP 115B). 
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According to the long-term data, it seems that total nitrogen shows seasonal succession, though not as 

pronounced as the inorganic fraction alone (Fig. 2, note the y-axis scaling for TN). DIN and TN seem to have 

slightly different spatial patterns as well; elevated levels of TN are found in the Bothnian Bay and south-

eastern Baltic, without occurring in DIN. The long-term trends of annual TN and winter DIN no not show similar 

development in all basins. For example, the recent increase in annual TN is not expressed in winter DIN to the 

same extent.  

Figure 2. Total nitrogen and DIN concentrations in long-term monitoring data (BSEP 133 /TARGREV).  
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Phosphorus 
Comparison of long-term TP and DIP data showed more resemblance than the comparison of long term 

nitrogen data. The annual succession was pronounced in both, with the difference that even in sub-basins 

where DIP concentration would tend to decrease close to 0 µM in the summer, the TN concentration 

understandably did not. Slight differences spatial distribution could be observed, for example regarding the 

concentrations in the Bothnian Sea in comparison to the surrounding sub-basins. The long-term development 

of TP and DIP showed great resemblance in most sub-basins, excluding the Gulf of Riga, where the long-term 

decrease of DIP was could not be observed in TP. 

Figure 3. Total phosphorus and DIP concentrations in long-term monitoring data (BSEP 133 /TARGREV). 
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Availability of monitoring data 
TN and TP are assessed year-round, so that data availability is higher than for DIN and DIP and confidence in 

these indicators should therefore be high. Furthermore, TN and TP are already widely assessed by Contracting 

Parties: according to the questionnaire sent to contracting parties via EUTRO-OPER, total nutrients in open-sea 

areas are monitored and reported by Denmark, Estonia, Finland, Germany, Germany, Germany, Latvia, 

Lithuania, Poland, the Russian Federation and Sweden. Guidelines for monitoring these indicators exist in the 

HELCOM Monitoring Manual. Concentrations of total nutrients are total nutrients are measured in situ, both 

from fixed stations using traditional sampling and with Ferrybox flow-through sampling. 

 
 

Figure 4. Monitoring stations for total nitrogen (left) and total phosphorus (right). Information is provided by the HELCOM Monitoring 

Manual / Data and Map Service. 
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Total nutrient data for open-sea sub-basins is presently reported to the HELCOM COMBINE database by 

Denmark, Estonia, Finland, Germany, Germany, Germany, Latvia, Lithuania, Poland, the Russian Federation 

and Sweden. From the database, Ntot and Ptot observations made by traditional sampling are available from 

1966 onward, by Ferrybox systems from 1999 onward. 

  
Figure 5. Total nitrogen (left) and total phosphorus (right) surface observations in the HELCOM open-sea sub-basins for the assessment 

period 2007-2011 the HELCOM open-sea sub-basins. Information from the HELCOM COMBINE database /ICES. 

 

Properties of Ntot and Ptot in the test assessment (2007-2011) data  
The basic properties of the test assessment (2007-2011) data for total nutrients was studied, to provide an 

overview of the behavior of the data. In the analysis, only the surface-most observations from each sampling 

occasion have been used (in practice, most of the observations are from 0 m depth). 

Nitrogen 
Estimating from the assessment dataset, TN seemed relatively normally distributed, with most observations 

occurring around the mode (Fig. 6). in contradiction to what was understood from looking at the long-term 

dataset, TN did not express pronounced seasonal variation, but remained at a relatively constant level in most 

sub-basins (Fig. 7). This is a clear difference to the seasonal behavior of DIN. Except for a few cases with low 

data numbers, there occurred little interannual variation in TN within the 5-year assessment period.  
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Figure 6. Frequency of total nitrogen concentration in the test assessment (2007-2011) data. 
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Figure 7. Monthly values of total nitrogen concentration in the test assessment (2007-2011) data. 
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Figure 8. Annual values of total nitrogen concentration in the test assessment (2007-2011) data. 

Phosphorus 
Based on the assessment dataset, TP was not as normally distributed or concentrated around the mode as TN 

(Fig. 9). This might be partly due to the fact that in most sub-basins, TN showed signs of seasonal succession, 

with increased winter concentrations (Fig. 10). This could however not be seen in the Bothnian Sea, which had 

equally low concentrations both at summer and in winter. The interannual variability within the assessment 

period was not large (Fig.11). 
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Figure 9. Frequency of total phosphorus concentration in the test assessment (2007-2011) data. 
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Figure 10. Monthly values of total phosphorus concentration in the test assessment (2007-2011) data. 
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Figure 11. Annual values of total phosphorus concentration in the test assessment (2007-2011) data. 

 

Options for setting GES targets 
As TN and TP were not simulated in the TARGREV modeling exercise only upper limits of annual means of TN 

and TP are proposed as GES targets (see TARGREV report page 84). These upper levels already represent a 

eutrophied Baltic Sea in the early 1970s and are therefore not suitable as GES targets since they are not in 

agreement with the target levels of the other eutrophication indicators (e.g. DIN, DIP, secchi depth). 

Nevertheless, some CPs have derived target levels for total nutrients. 

In Germany, a new modeling approach has recently provided revised target concentrations for nutrients to be 

used under the WFD. Such target concentrations could only reliably be derived for total nutrients and not for 

dissolved nutrients. Hence, under the WFD dissolved nutrients are used only for trend assessments in the 

future.  The modeling approach has also provided target levels for total nutrients for Kiel Bay, Mecklenburg 

Bay, Arkona Basin and Bornholm Basin which should be in good agreement with the findings of the TARGREV 

project and could potentially be used for HELCOM assessments (see table 1). 
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Table 1. Comparison of GES target levels for TN and TP from the TARGREV project and from a German project for revision of WFD 

targets (Schernewski et al). 

 

 

Other ecological models could be used for setting targets for the remaining open-sea sub-basins. At present, 

total nutrients are being validated to the BALTSEM model (used previously also for the target-setting for 

inorganic nutrients under HELCOM TARGREV), and thus an attempt to apply it for hindcast target-setting 

would be possible. The BALTSEM sub-basin division is not identical to the HELCOM division (Fig. 12), but this 

could be overcome by correction based on monitoring data. 

 

 

Figure 12. HELCOM (purple lines) and BALTSEM (black lines) sub-basin divisions. 
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Role in assessment and indicator specifications 
 

 

 

Indicator Total nitrogen 

Response to eutrophication positive 

Parameters Ntot (µM) 

Assessment period December 2006 – February 2011 

Assessment season Annual 

Depth Surface = average in the 0 – 10 m layer 

Removing outliers [to be agreed…] 

Removing close observations For example [to be agreed]:  
If two observations are made in the same day within 0.01 degrees of 
latitude or longitude distance from each other, the later observation 
is removed. 

Indicator level average of yearly average values 

Eutrophication ratio (ER) ER = ES / ET 

Status confidence (ES-Score) LOW (=0%), if no more than 5 annual status observations are found 
during one or more years. 
MODERATE (=50%), if more than 5 but no more than 15 status 
observations are found per year. 
HIGH (=100%), if more than 15 spatially non-biased [to be specified 
what this means…] status observations are found each year. 

Indicator confidence (I-Score) Confidence (%) = average of ES-Score and ET-Score 
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Total nitrogen INDICATOR 
TARGET (ET) 

TARGET CONFI 
DENCE (ET-
SCORE) 

INDICATOR 
WEIGHT (IW) 
proposal: same 
as for 
inorganic 
fraction 

SEA-001 The Kattegat [to be agreed] [to be set] 50 

SEA-001 Great Belt [to be agreed] [to be set] 50 

SEA-003 The Sound [to be agreed] [to be set] 25 

SEA-004 Kiel Bay [to be agreed] [to be set] 25 

SEA-005 Bay of Mecklenburg [to be agreed] [to be set] 25 

SEA-006 Arkona Basin [to be agreed] [to be set] 25 

SEA-007 Bornholm Basin [to be agreed] [to be set] 25 

SEA-008 Eastern Gotland Basin [to be agreed] [to be set] 25 

SEA-009 Gdansk Basin [to be agreed] [to be set] 25 

SEA-010 Western Gotland Basin [to be agreed] [to be set] 25 

SEA-011 Northern Baltic Proper [to be agreed] [to be set] 25 

SEA-012 Gulf of Riga [to be agreed] [to be set] 16.5 

SEA-013 Gulf of Finland [to be agreed] [to be set] 25 

SEA-014 Åland Sea [to be agreed] [to be set] 25 

SEA-015 Bothnian Sea [to be agreed] [to be set] 25 

SEA-016 The Quark [to be agreed] [to be set] 25 

SEA-017 Bothnian Bay [to be agreed] [to be set] 16.5 

 

 

Indicator Total phosphorus 

Response to eutrophication positive 

Parameters Ptot (µM) 

Assessment period Annual 

Assessment season Winter = December + January + February 

Depth Surface = average in the 0 – 10 m layer 

Removing outliers For example [to be agreed…]: 
Round values below detection limit (0.05 µM) to detection limit 
Remove values above xx 

Removing close observations For example [to be agreed]:  
If two observations are made in the same day within 0.01 degrees of 
latitude or longitude distance from each other, the later observation 
is removed. 

Indicator level (ES) Average of annual average concentrations 

Eutrophication ratio (ER) ER = ES / ET 

Status confidence (ES-Score) LOW (=0%), if no more than 5 annual status observations are found 
during one or more years. 
MODERATE (=50%), if more than 5 but no more than 15 status 
observations are found per year. 
HIGH (=100%), if more than 15 spatially non-biased [to be specified 
what this means…] status observations are found each year. 

Indicator confidence Confidence (%) = average of ES-Score and ET-Score 
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Total phosphorus INDICATOR 
TARGET (ET) 

TARGET CONFI 
DENCE (ET-
SCORE) 

INDICATOR 
WEIGHT (IW) 
proposal: same 
as for 
inorganic 
fraction 

SEA-001 The Kattegat [to be agreed] [to be set] 25 

SEA-001 Great Belt [to be agreed] [to be set] 25 

SEA-003 The Sound [to be agreed] [to be set] 25 

SEA-004 Kiel Bay [to be agreed] [to be set] 25 

SEA-005 Bay of Mecklenburg [to be agreed] [to be set] 25 

SEA-006 Arkona Basin [to be agreed] [to be set] 25 

SEA-007 Bornholm Basin [to be agreed] [to be set] 25 

SEA-008 Eastern Gotland Basin [to be agreed] [to be set] 25 

SEA-009 Gdansk Basin [to be agreed] [to be set] 25 

SEA-010 Western Gotland Basin [to be agreed] [to be set] 25 

SEA-011 Northern Baltic Proper [to be agreed] [to be set] 25 

SEA-012 Gulf of Riga [to be agreed] [to be set] 33.5 

SEA-013 Gulf of Finland [to be agreed] [to be set] 25 

SEA-014 Åland Sea [to be agreed] [to be set] 25 

SEA-015 Bothnian Sea [to be agreed] [to be set] 25 

SEA-016 The Quark [to be agreed] [to be set] 25 

SEA-017 Bothnian Bay [to be agreed] [to be set] 33.5 

 

Conclusions 
After further exploration in open-sea sub-basins, we do not find objections for using and developing total 

nutrient indicators 

- there seems to be added value in addressing total in addition to the inorganic fraction of nutrients, 

based on differences in spatial and intra-annual distribution  

- monitoring and reporting of total nutrient data for open-sea basins is already in place, and data can be 

found in the HELCOM COMBINE database 

- targets could be estimated through hindcast modeling  

When developing the total nutrient indicators, we propose using the same specifications as for inorganic 

nutrients, with the exception of assessment season (we suggest using the whole year). 


