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Background 

In HELCOM the Eutrophication Assessment Tool (HEAT 3.0) is used to assess the status of eutrophication 
according to the methodology outlined in the HELCOM EUTRO-OPER project report.  
 
Based on the proposal for indicator scaling to HEAT 3.0, which was discussed at IN-EUTROPHICATION 10-
2018, further test calculations have been agreed by returning to EQRs instead of the previously used 
method of eutrophication ratio (ER), thereby changing the value range from 0->2 back to 0-1 for open sea 
and coastal areas.  
Furthermore, indicator-specific information required for scaling in HEAT needs to be updated regarding 
best values, target values and acceptable deviations in the latest Excel file (‘Eutrophication indicator scaling 
20170419’) to improve the basis for future calculations and assessments. Existing gaps concerning these 
values for all indicators used in the eutrophication assessment in HELCOM sub-basins and coastal areas 
should be filled in order to make further progress on the scaling issue.  

This document shows the results of test calculations using EQRs in comparison with ER assessments in 
coastal and open sea areas for different indicators in order to support the decision how indicator scaling 
should be performed in future assessments. The existing problem of different value ranges of EQRs in 
coastal assessments and ER in open sea areas could be solved by using EQRs in all areas. To work towards a 
consistent calculation procedure of BEAT and HEAT the inclusion of worst values in addition to best values 
and acceptable deviations could be tested hereafter.  

 

Action requested 

The Meeting is requested to: 

 discuss the results of the test calculations for scaling eutrophication indicators and propose an 

appropriate way for subsequent changes in the calculation procedure 

 agree on the further development concerning scaling issues and necessary amendments in the 

HEAT 3.0 assessment procedure  

 

 

 

 

 



IN-EUTROPHICATION 11-2018, 4-1 
 

 

Page 2 of 6 
 

Results of test calculations for scaling of eutrophication indicators 
As agreed at IN-EUTROPHICATION 10-2018 test calculations have been carried out based on best values 

and acceptable deviations to return to EQRs and a value range from 0-1. The test calculations were based 

on data of the Excel file ‘Eutrophication indicator scaling 20170419’ and data from the HELCOM IN-

EUTROPHICATION workspace (2018 version).  

Reference conditions/best values were already used on the level of HEAT 2.0 to calculate EQRs by the ratio 

between best values and measured values for indicators with positive response to eutrophication and vice 

versa for indicators with negative response. Depending on the acceptable deviation indicator specific class 

boundaries were calculated using a classification with five subclasses. A test calculation for DIN values in 

HELCOM sub-basins showed predominantly consistent results compared to the eutrophication assessment 

based on eutrophication ratio (ER) values, although the acceptable deviation (AcDev) varied enormously 

between 0 and 200 %. The range of AcDev in the HELCOM sub-basins was probably responsible for 

differences in the classification between ER and EQR of up to 2 classes. Largest differences occurred for 

AcDev values around 30% and below 50% in general resulting in worse classifications for the EQR approach 

in six sub-basins, whereas a better classification could only be detected in the Sound for high AcDev values 

above 50% (Table 1). 

Table 1: Comparison of EQR and ER assessment results for DIN in HELCOM sub-basins. Based on best values from Excel file 
‘Eutrophication indicator scaling 20170419’; ES, ET and ER values were taken from HELCOM workspace 2018 version and AcDev 
values were used as they were set 

 

The revision of best values associated with target values and subsequent updating of the data base is 

urgently needed for HELCOM sub-basins and national coastal areas to harmonize the range of AcDev values 

for the conversion of ER to EQR, because the AcDev has strong impact on class boundaries and the resulting 

classification of the eutrophication assessment. Another reason for deviating classifications might be the 

fundamental difference between open ended ER values – they can get even worse than the value of 2, 

which is the boundary to the bad class – and the restricted range of EQR values from 0-1. 

A further example has been calculated for the indicator total nitrogen in German coastal waters with 

consistent AcDev values of 50 %. The calculated values and resulting classifications were very similar and 

showed only one different status classification in one of the water bodies (GER-003) between poor and bad 

class (Table 2) 

Indicator HELCOM_ID Sub-basin ES ET BEST ER class EQR class* class diff AcDev [%]

DIN SEA-001 Kattegat 5.90 5.00 2.30 1.18 3 0.39 3 117.4

DIN SEA-002 Great Belt 6.45 5.00 1.83 1.29 3 0.28 3 173.2

DIN SEA-003 The Sound 5.99 3.30 1.65 1.82 4 0.28 3 -1 100.0

DIN SEA-004 Kiel Bay 5.91 5.50 1.83 1.07 3 0.31 3 200.5

DIN SEA-005 Bay of Mecklenburg 6.35 4.30 2.25 1.48 3 0.35 3 91.1

DIN SEA-006 Arkona Basin 3.97 2.90 2.25 1.37 3 0.57 5 2 28.9

DIN SEA-007 Bornholm Basin 9.33 2.50 2.00 3.73 5 0.21 5 25.0

DIN SEA-008 Gulf of Gdansk 4.60 4.20 3.00 1.09 3 0.65 3 40.0

DIN SEA-009 Eastern Gotland Basin 3.55 2.60 1.40 1.36 3 0.39 3 85.7

DIN SEA-010 Western Gotland Basin 3.27 2.00 2.00 1.64 4 0.61 5 1 0.0

DIN SEA-012 Northern Baltic Proper 4.93 2.90 2.00 1.70 4 0.41 5 1 45.0

DIN SEA-013 Gulf of Finland 8.59 3.80 2.50 2.26 5 0.29 5 52.0

DIN SEA-014 Åland Sea 3.88 2.70 2.00 1.44 3 0.52 5 2 35.0

DIN SEA-015 Bothnian Sea 3.82 2.80 2.00 1.36 3 0.52 4 1 40.0

DIN SEA-016 The Quark 4.78 3.70 2.75 1.29 3 0.58 4 1 34.5

DIN SEA-017 Bothnian Bay 6.50 5.20 3.50 1.25 3 0.54 3 48.6

*classification of EQRs according to different class boundaries dependent on AcDev
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Table 2: Comparison of EQR and ER assessment results for TN in selected German coastal waters. Based on best values from Excel 
file ‘Eutrophication indicator scaling 20170419’; ES, ET and ER values were taken from HELCOM workspace 2018 version and AcDev 
values were used as they were set 

 

Secchi depth as an indicator with negative response to eutrophication was chosen for another test 

calculation and subsequent comparison of ER and EQR results (Table 3). 

Table 3: Comparison of EQR and ER assessment results for Secchi depth in HELCOM sub-basins. Based on best values from Excel file 
‘Eutrophication indicator scaling 20170419’; ES, ET and ER values were taken from HELCOM workspace 2018 version and AcDev 
values were used as they were set 

 

In 4 of 17 sub-basins the classification results were exactly the same, 5 sub-basins showed a difference of 

one class and in 8 sub-basins the classification differed by two classes. The classifications of the EQR 

approach were entirely worse compared to the results of the ER assessment with only one exception of a 

better classification in the Kattegat. The decisive good/moderate boundary was classified correctly. 

For Estonian coastal waters, where the range of AcDev between -21.7 % and -25 % was not as wide as for 

the HELCOM sub-basins, the classification differed less between the EQR approach and the ER calculation. 

But similar to the test calculation in HELOM sub-basins, the deviating classes were consistently worse for 

the EQR approach (Table 4). 

Table 4: Comparison of EQR and ER assessment results for Secchi depth in Estonian coastal waters. Based on best values from Excel 
file ‘Eutrophication indicator scaling 20170419’; ES, ET and ER values were taken from HELCOM workspace 2018 version and AcDev 
values were used as they were set 

Indicator HELCOM_ID ES ET BEST ER class EQR class* class diff AcDev [%]

TN GER-001 24.09 22.50 15.00 1.07 3 0.62 3 50.0

TN GER-003 41.49 22.50 15.00 1.84 4 0.36 5 1 50.0

TN GER-004 19.84 19.50 13.00 1.02 3 0.66 3 50.0

TN GER-005 45.77 17.70 11.80 2.59 5 0.26 5 50.0

TN GER-006 20.32 19.50 13.00 1.04 3 0.64 3 50.0

TN GER-007 185.50 38.10 25.40 4.87 5 0.14 5 50.0

TN GER-008 143.90 38.10 25.40 3.78 5 0.18 5 50.0

TN GER-009 96.33 17.70 11.80 5.44 5 0.12 5 50.0

TN GER-010 20.76 18.00 12.00 1.15 3 0.58 3 50.0

*classification of EQRs according to different class boundaries related to AcDev

Indicator HELCOM_ID Sub-basin ES ET BEST ER class EQR class* class diff AcDev [%]

Secchi depth SEA-001 Kattegat 9.40 7.60 11.10 0.81 2 0.85 1 -1 -31.5

Secchi depth SEA-002 Great Belt 7.61 8.50 10.50 1.12 3 0.73 4 1 -19.0

Secchi depth SEA-003 The Sound 8.26 8.20 10.25 0.99 2 0.81 2 -20.0

Secchi depth SEA-004 Kiel Bay 6.93 7.40 10.50 1.07 3 0.66 3 -29.5

Secchi depth SEA-005 Bay of Mecklenburg 5.30 7.10 8.88 1.34 3 0.60 5 2 -20.0

Secchi depth SEA-006 Arkona Basin 5.48 7.20 8.00 1.31 3 0.69 5 2 -10.0

Secchi depth SEA-007 Bornholm Basin 5.25 7.10 9.00 1.35 3 0.58 5 2 -21.1

Secchi depth SEA-008 Gulf of Gdansk 5.76 6.50 7.50 1.13 3 0.77 5 2 -13.3

Secchi depth SEA-009 Eastern Gotland Basin 6.68 7.60 8.00 1.14 3 0.84 5 2 -5.0

Secchi depth SEA-010 Western Gotland Basin 6.35 8.40 9.00 1.32 3 0.71 5 2 -6.7

Secchi depth SEA-011 Gulf of Riga 3.64 5.00 6.00 1.37 3 0.61 5 2 -16.7

Secchi depth SEA-012 Northern Baltic Proper 5.16 7.10 9.00 1.38 3 0.57 5 2 -21.1

Secchi depth SEA-013 Gulf of Finland 4.46 5.50 8.00 1.23 3 0.56 3 -31.3

Secchi depth SEA-014 Åland Sea 5.40 6.90 9.00 1.28 3 0.60 4 1 -23.3

Secchi depth SEA-015 Bothnian Sea 5.29 6.80 9.00 1.29 3 0.59 4 1 -24.4

Secchi depth SEA-016 The Quark 5.50 6.00 8.50 1.09 3 0.65 3 -29.4

Secchi depth SEA-017 Bothnian Bay 4.73 5.80 8.00 1.23 3 0.59 4 1 -27.5

*classification of EQRs according to different class boundaries dependent on AcDev
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To emphasize the dependency of the resulting classification on the acceptable deviation, different AcDev 

values and classifications based on the same best and measured values have been compiled in the 

following table (Table 5). The resulting classifications varied between moderate and bad for AcDev values 

from 10 to 100 %. Low AcDev values resulted in stricter class boundaries whereas higher AcDev values lead 

to a wider class range and better classifications. If AcDev values were set higher than 115 %, the bad class 

boundary turned into a negative value. In this case the good/moderate boundary has been exceeded for 

the selected chlorophyll value in the example. Calculations of class boundaries were undertaken with the 

HEAT 2.0 tool, but could be calculated manually outside the HEAT tool using the formula of Andersen et al. 

(2011) as well. 

Table 5: Compilation of different AcDev values and resulting class boundaries for the subsequent classification based on the same 
best values and measured values (selected example FIN-007 for chlorophyll values)  

 

If the exact AcDev value of 69.2 % as it has been set for the selected water body FIN-007 was used in the 

EQR calculation the resulting assessment class is moderate and therefore the same as the resulting class 

out of the ER assessment (Table 6). The mean AcDev value used in the eutrophication assessments of 

Latvia, Estonia, Finland and Germany for chlorophyll was around 50 %. 

Table 6: Chlorophyll data of the Finnish water body FIN-007 and resulting classification following the HEAT 3.0 assessment 

 

Indicator HELCOM_ID ES ET BEST ER class EQR class* class diff AcDev [%]

Secchi depth EST-001 2.78 3.60 4.80 1.29 3 0.58 4 1 -25.0

Secchi depth EST-003 4.54 4.50 6.00 0.99 2 0.76 2 -25.0

Secchi depth EST-004 4.56 4.50 6.00 0.99 2 0.76 2 -25.0

Secchi depth EST-005 3.80 4.50 6.00 1.18 3 0.63 4 1 -25.0

Secchi depth EST-006 3.56 4.50 6.00 1.26 3 0.59 4 1 -25.0

Secchi depth EST-007 3.45 6.50 8.30 1.88 4 0.42 5 1 -21.7

Secchi depth EST-008 1.70 4.90 6.50 2.88 5 0.26 5 -24.6

Secchi depth EST-010 5.40 6.50 8.30 1.20 3 0.65 4 1 -21.7

Secchi depth EST-011 5.81 6.50 8.30 1.12 3 0.70 3 -21.7

Secchi depth EST-012 2.61 4.20 5.50 1.61 4 0.48 5 1 -23.6

Secchi depth EST-013 1.27 3.20 4.20 2.52 5 0.30 5 -23.8

*classification of EQRs according to different class boundaries dependent on AcDev

best AcDev ES EQR class Ref/h h/g g/m m/p p/b

1.30 10 2.60 0.50 5 0.95 0.93 0.91 0.89 0.87

1.30 20 2.60 0.50 5 0.95 0.89 0.83 0.78 0.72

1.30 30 2.60 0.50 5 0.95 0.86 0.77 0.68 0.59

1.30 40 2.60 0.50 4 0.95 0.83 0.71 0.60 0.48

1.30 50 2.60 0.50 4 0.95 0.81 0.67 0.53 0.38

1.30 60 2.60 0.50 3 0.95 0.79 0.63 0.46 0.30

1.30 70 2.60 0.50 3 0.95 0.77 0.59 0.41 0.23

1.30 80 2.60 0.50 3 0.95 0.75 0.56 0.36 0.16

1.30 90 2.60 0.50 3 0.95 0.74 0.53 0.31 0.10

1.30 100 2.60 0.50 3 0.95 0.73 0.50 0.28 0.05

1.30 125 2.60 0.50 2 0.95 0.70 0.44 0.19 -0.06

ES ET ER best class

2.60 2.2 1.18 1.30 3

AcDev between best and ET: 69.2 %
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For biological indicators like macrophytes or zoobenthos in coastal areas, the EQR results of these 

assessments, which are already normalised in some countries e.g. Germany, should be used directly 

according to the normalised classification without further calculation in HEAT. If these normalised EQR 

assessment results were used as ES values to calculate (new) EQRs by the HEAT algorithm, the resulting 

EQRs would correspond to the ES values of course by using a best value of 1, but the class boundaries 

according to an AcDev value of 40 % as set in German coastal areas would be slightly different as well as the 

resulting classification. An example for macrophytes in selected German coastal waters is shown in the 

following Table 7: 

Table 7: Comparison of EQR and ER assessment results for macrophytes in selected German coastal waters. Based on best value 1.0 
and AcDev 40 %; ES and ET values were taken from German regional authorities as transmitted to HELCOM and resulting ER values 
from HELCOM workspace 2018 version  

 

The  class differences  had been determined in two of the ten selected German coastal water bodies. In 

both cases, the classifications of the calculated EQRs were one class worse than the classification according 

to the normalised class boundaries.  

Class boundary differences between the normalised and the calculated EQR classification are shown in 

Table 8. 

Table 8: Class boundaries for normalised EQRs (assessment results in coastal areas) and calculated EQRs 

 

These slight differences in class boundaries were the reason for deviating classifications in those cases 

where the EQR values were lying close or exactly on boundary values. Another test calculation was carried 

out for the indicator zoobenthos quality element in Estonian coastal waters and showed very similar 

results. Only one water body out of 12 selected coastal areas was classified one class worse with the EQR 

approach compared to the results of the ER calculation. The calculation was based on best values of 1.0 and 

AcDev value of 50 % consistently. 

Therefore, three different kinds of data could be used for the assessment: 

(1) Direct use of already normalised EQR results in coastal areas without further processing in HEAT 

(2) EQR results in coastal areas, which are not related to normalised class boundaries, will not need 

further calculation in HEAT, but should be normalised in order to be comparable with the existing 

normalised coastal assessment results 

Indicator HELCOM_ID ES ET BEST ER class EQR classNorm class* class diff

Macrophytes GER-003 0.52 0.60 1.00 1.15 3 0.52 3 3

Macrophytes GER-004 0.37 0.60 1.00 1.62 4 0.37 4 4

Macrophytes GER-005 0.25 0.60 1.00 2.40 5 0.25 4 5 1

Macrophytes GER-007 0.49 0.60 1.00 1.22 3 0.49 3 3

Macrophytes GER-008 0.54 0.60 1.00 1.11 3 0.54 3 3

Macrophytes GER-009 0.48 0.60 1.00 1.25 3 0.48 3 3

Macrophytes GER-010 0.20 0.60 1.00 3.00 5 0.20 4 4

Macrophytes GER-012 0.40 0.60 1.00 1.50 3 0.40 3 4 1

Macrophytes GER-041 0.27 0.60 1.00 2.22 5 0.27 4 4

Macrophytes GER-044 0.00 0.60 1.00 #DIV/0! - 0.00 5 5

*classification of EQRs according to AcDev 40 %

h/g g/m m/p p/b

EQR Norm 0.8 0.6 0.4 0.2

EQRCalc* 0.775 0.6 0.425 0.25

* based on best value of 1.0 and AcDev 40 %
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(3) Observed values (indicator assessment values for nutrients, chl-a, Secchi or oxygen) are used to 

calculate EQRs based on best values and AcDev values in HEAT, which should be normalised in a 

second step to be on the same scale as the EQR values of (1) and (2). 

In conclusion, the advantage of this EQR approach will be the direct use of EQR assessment results in 

coastal waters for biological indicators. This will avoid further calculation into ER or EQR values. Especially 

processing existing EQRs with the HEAT tool means a kind of duplicate calculation and can lead to deviating 

classification. The EQR approach will also solve the existing zero value problem caused by the usage of ER 

values. With the help of an additional normalisation step already normalised EQR values and calculated 

EQRs can be further aligned (see bullet items (1) through (3) above). This would also improve the 

comparability between indicators and criteria groups as well as between coastal and offshore assessment 

results.  Limiting the range of EQR values to the range of 0 to 1 will ease the calculation of the distance to 

GES, compared to the use of the open-ended  maximum ER values. The disadvantage of the EQR approach 

is the strong impact of AcDev values on class boundaries and the resulting assessment (dependent on the 

range of AcDev values). This can be reduced by using harmonised and consistent AcDev values. The 

assessment results will get slightly worse with the EQR approach in some cases related to the classes 3-5 of 

the currently used five-class classification. On the other hand, the decisive good/moderate boundary was 

set correctly in all cases of the test calculations. Only in exceptional cases with extreme high or low AcDev 

values this might not be the case. 

In general, the EQR approach based on the HEAT 2.0 calculation procedure for class boundaries and 

subsequent classification as used in the test calculations will be determined by the AcDev values, which 

influence the class width for all five classes. In contrast to that, the determination of class boundaries as 

used in the biodiversity assessment comprises the whole indicator range by considering the worst value 

besides best and target value and thereby includes the specific AcDev value. This means that two values 

influence the class width of the resulting classification in both ways starting from the target value and not 

only one. 

Concluding recommendations: 

 Revision of best and target values in order to achieve an updated status for AcDev values 

  Aiming for harmonized AcDev values per indicator transnationally if assessment methods of 

indicators are comparable  

 Further development should include a normalisation step in the assessment procedure in order to 

make already normalised EQR values of the biological assessments in the coastal areas (e.g. 

phytoplankton biovolume, macrophytes, zoobenthos) truly comparable to the calculated EQR 

values of other indicators, such as nutrients, Secchi depth and oxygen 

 Derivation of worst values if not already set for future developments in order to consider the 

specific indicator range and regulate resulting class widths, in addition aiming at harmonisation 

with the calculation procedure of the biodiversity assessment BEAT 

 Detailed test calculations to compare results of eutrophication (EQR/ER) and biodiversity 

(BEAT/NEAT) assessments 

If the meeting agreed on the common approach for future eutrophication assessments, additional test 

calculations and further steps for modifications in the HELCOM workspace procedure could be planned.  

 

Andersen et al. (2011): Getting the measure of eutrophication in the Baltic Sea: Towards improved 

assessment principles and methods. Biogeochemistry 106 (2): 137-156. 


