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Note that this document was submitted after the established deadline.  

It will be decided by the Meeting whether the document can be discussed or is postponed to the next meeting. 

Background 

The TARGREV project has established a method to assess the oxygen status (in terms of oxygen debt) of the 
deep basins of the Baltic Sea where it is used as core indicator. For shallower waters in the HELCOM open-sea 
areas like e. g. Arkona Sea and Belt Sea the oxygen debt approach does not apply. Thus several open-sea 
assessment units under MSFD and WFD still lack a common oxygen indicator. 

Many countries use the concentration of near-bottom oxygen for national assessment purposes, as shown by 
the HELCOM EUTRO-OPER project in which the approaches applied nationally were compared. Some countries 
have set MSFD targets for near-bottom oxygen concentrations. But no common method for assessing oxygen 
status has been agreed upon yet. A common approach also for shallow open-sea waters should be strived for.  

Shallow water oxygen has been named as a HELCOM candidate indicator of eutrophication. In order to be 
applied in HOLAS II, the indicator concept shall be presented to STATE & CONSERVATION 5-2016.  

The development of this indicator is still ongoing within IN-Eutrophication. The indicator concept includes the 
definition of “oxygen types” or rather “stratification types” based on the hydrographical characteristics 
(stratification, water residence time/water exchange) of the area to be assessed. Whether an area is well-
mixed or subject to thermohaline stratification has a strong influence on the oxygen conditions of the bottom 
water. Saltwater intrusions from the North Sea are another important factor for aeration not only of the deep 
basins, but also of shallower areas like Arkona Sea. These are natural, not man-made factors which largely 
influence the oxygen conditions and could be reflected in setting type-specific targets for near-bottom oxygen 
concentrations. But the anthropogenic factor needs to be considered, too, because Eutrophication is known to 
enhance the degree of hypoxia. 

The approach presented here is a modification of the Swedish “oxygen balance” method originally developed 

for assessments under the Water Framework Directive. Common definition of GES still needs to be discussed. 

It should be noted that the draft still is at an early stage and needs further work by the expert group.  

Action requested 
The Meeting is invited to: 

- consider the indicator approach,  to support the indicator in general with the aim of making it 

operational for use in HOLAS II, 

- agree to endorse the final proposals on the indicator and its GES boundaries intersessionally. 
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Summary: Conclusions and steps to take for making the shallow-water oxygen indicator 

operational 

a) national targets to be applied in coastal waters 

b) transfer of typology to shallow open-sea areas is possible, a proposal for stratification types is 

presented 

c) proposal for definition of hypoxia for purposes of this indicator (threshold 4 mg l-1) and proposal to set 

targets for GES according to stratification type taking the precautionary principle into account (e.g. 

well-mixed type: GES at >6 mg l-1, seasonally stratified type: GES at >4 mg l-1), HYPOXIA DEFINITION 

AND TARGETS STILL UNDER DISCUSSION WITHIN IN-EUTROPHICATION  

d) determine the type of the individual assessment stations according to Table 2 by using time series of 

at least 3 consecutive years, preferably more, and preferably based on monthly measurements 

applying the Swedish decision tree method (average of lower quartile) with a reference threshold of 

3.5 ml/l (5 mg/l) to differentiate between well-mixed and seasonally stratified types; if no monthly 

data are available, use the minimum value of the seasonal data for the summer to autumn-period to 

compare with reference threshold of 3.5 ml/l (5 mg/l) for differentiation between these types. 

THRESHOLD FOR TYPE DETERMINATION TAKEN FROM SWEDISH METHOD; STILL UNDER DISCUSSION 

WITHIN IN-EUTROPHICATION  

e) select assessment stations according to their representativity of the stratification types present in the 

sub-basin to be assessed, use as many representative stations as possible based on existing station 

network; CPs to make sure that the most sensitive time period (mostly late summer – Sept/Oct) is 

appropriately covered 

f) do the assessment according to type-specific GES values (if possible, automatic calculation by ICES, 

with the addition contribution of coastal assessment results to be included into the assessment (if data 

are not already supplied to ICES database), decision on assessment mode (seasonal minimum as 

applied by several CPs versus average of lower quartile of whole year data approach as applied by 

Sweden) NEED FOR DISCUSSION IN IN-EUTROPHICATION 

g) aggregate the results for stations according to jointly agreed method (still to be agreed upon) to obtain 

result for assessment unit (shallow open-sea area of sub-basin), METHOD STILL TO BE DISCUSSED 

WITHIN IN-EUTROPHICATION 

h) decision on joint target values for open-sea areas of sub-basins vs. national targets needs to be taken 

(NEED FOR DISCUSSION WITHIN IN-EUTROPHICATION)  

  

Commented [VI-410-31]: MC: Karin if I understand it 
correctly Sweden uses also the minimum value in open-sea 
areas, if yes, we can leave out the average of lower quartile 
here 

Commented [M2]: KW: Yes. For WFD it is the mean of the 
lower quartile and for MSFD it is the min value. 

Commented [M3]: SJ: Er en minimum måling nok? Eller 
bør der være mee end en?  
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Introduction, background 

The HELCOM CORE indicator for oxygen, the ‘oxygen debt indicator’, is relevant only for the open-sea areas of 

the deep sub-basins of the Baltic Sea (Bornholm Basin, Baltic Proper, Gulf of Finland). While some Contracting 

Parties have set oxygen targets for their coastal waters (Water Framework Directive) or even open-sea waters 

(Marine Strategy Directive), there are altogether 7-8 sub-basins consisting mainly of shallow waters of less 

than 50 m depth for which no HELCOM oxygen targets are available. Most of these sub-basins are located in 

the south-western parts of the Baltic Sea. The sub-basins in question (with contracting parties sharing national 

waters in brackets) are: 

Kattegat (DK, SE) 

The Sound (DK, SE) 

Great Belt (DK) 

Kiel Bay (DK, DE) 

Mecklenburg Bight (DK, DE) 

Arkona Sea (DK, DE, SE)  

Baltic Proper (DK, .., …, …) 

Gulf of Riga (EE, LV) ? 

The Quark (FI, SE) 

The approaches applied nationally to shallow waters are presented in ANNEX 1 (from HELCOM EUTRO-OPER 4-

2015). In most countries, measurements of the oxygen concentrations in near-bottom waters (abt. 0.5 – 1 m 

above the sea bottom) are carried out. In some countries, the results of these measurements are already used 

for status classification (e.g. in Denmark, Sweden, Poland, Germany).  

The ‘oxygen balance indicator’ applied in Swedish coastal areas is based on a decision-tree approach. In the 

first phase, assessment units are typified based on their hydrological (stratification, residence time) and 

bottom oxygen characteristics. In the second phase, the area is classified, applying a method defined for each 

type separately. The method relies on extensive monitoring. 

Below is an attempt to modify the method and test whether it could be applied also in other areas, relying on 

the existing monitoring and applying as far as possible the existing national targets. 

 

First phase: typology – proposal for open-sea shallow water areas 

It is proposed to use a typology based on stratification characteristics which is quite similar to the typology 

developed for Swedish coastal waters. The first requirement is to typify the areas and their representative 

stations according to the natural hydrological and stratification characteristics as these  are master factors 

determining the  oxygen conditions as they occur naturally. . This is done in order to apply different 

approaches lateron in the assessment depending on the natural hydrological characteristics of the area. 

Coastal water bodies, that are small in size, have been identified into one class only in the Swedish approach. 

Large open-sea areas, however, often consist of several hydrologically different areas (for example, a deep and 

stratified part and a shallow non-stratified area). For practical reasons, it is proposed that no attempt is 

therefore made for identifying the typology distribution of entire assessment units in every detail. Instead, it is 

proposed, that the typology is based on the characteristics of present (preferably long-term)  monitoring 

stations, situated at either the deepest part of the sub-basin (if representative of the stratification 

characteristics of the whole sub-basin) and/or locations representative of the oxygen conditions of the sub-

basin or assessment unit in question (for example at least one station in the stratified part and one station in 

the non-stratified part of a  large open-sea assessment unit). They are also chosen based on their present 

monitoring programme and monitoring history. The minimum number of stations is 1-2 (national or shared) 

Commented [M4]: Isn’t Bornholm Basin part of Baltic 
Proper? 

Commented [M5]: SJ: In Denmark we do not make a 
status classification, as o2 is not a quality element under 
WFD in DK, but we do make an asessement showing the 
level and extent of hypoxia using the values 2 and 4 mg pr l 
to  classify the level of oxygen depletion, but we do not 
relate them to GES/not GES. 



STATE & CONSERVATION 5-2016, 4J-31-Rev.1 
 

 

Page 4 of 36 
 

stations per assessment unit, depending on the size and monitoring history of the area. It is recommended to 

typify all stations used in the assessment.  

 

Table 1. Proposed  monitoring stations for determining the shallow water oxygen type. 

Sub-basin Monitoring station Monitored by Comments 

Kattegat Anholt E 

N14 Falkenberg 

Kattegat N - DMU1009 

Kattegat N - DMU1008 

Kattegat N - DMU1007 

Kattegat, Læsø Rende – DMU403 

Kattegat, Fladen – DMU905 

Kattegat Aalborg Bight - NOR409 

Kattegat Fornæs - DMU415 

Kattegat, Anholt E – DMU413 

Kattegat, Lysegrund – DMU418 

Kattegat, Kullen – DMU921 

Kattegat, Hesselø – DMU922 

Kattegat, Gniben – VSJ20925 

 

 Sweden 

Sweden 

Denmark 

Anholt E monitored since 1972 (the 
Swedish database SHARK has Anholt E 
data from 1972 and regularly from 1982. 
Monthly monitoring started 1993.) N14 
started 1993.  
 
Comment on Danish stations: Maybe 
more Danish stations can be added but 
this will require a GIS layer with the exact 
boundries between the basins. The 
stations listed here are mainly open 
water stations which are monitored from 
Jul.-Nov., but some of them are included 
in the Danish monitoring program on 
water chemistry and, therefore, 
monitored 24 times per year (see also the 
attached map with the Danish monitoring 
stations, Annex 2xy). 
 

 

The Sound West Landskrona 

Ven – KBH431 

 Sweden 

Denmark 

monitored since 1965 (monthly 

monitoring started 1993) 

Great Belt Asnæs – DMU935 

Halsskov Rev – DMU939 

Romsø – FYN6700053 

Langelands Bælt – DMU443 

Kelds Nor – DMU450 

Denmark  

 

FYN6700053 started 1988 

 

Kiel Bay LLUR: Kiel Bay (open sea station, 
seasonally stratified) 

Kieler Bay – DMUN3 

 Germany 

Denmark 

LLUR: monitoring of bottom and surface 

layer since 1985, CTD profiles since1997 

Mecklenburg 
Bight 

LUNG: O22, O5 

Fehmern Belt – DMU952 

Mecklenburg Bight –DMUM2 

Germany 

Denmark 

LUNG: Monitoring of  bottom and surface 

layer since 1975, CTD-profiles since 2004 

Arkona Sea BY 2 Arkona 

 

 

 

LUNG: O9, O11 

Gedser Rev – DMU954 

South of Møn – DMU449 

Arkona – DMU444 

 Sweden? 

 

 

 

Germany 

Denmark 

monitored since 1958 (the Swedish 

database SHARK has BY2 Arkona data 

from 1958. Monthly monitoring started 

1993. Sweden also monitors BY1, west of 

BY2. BY1 has the same depth as BY2. 

LUNG: Monitoring of bottom and surface 

layer since 1975, CTD-profiles since 2004 
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Stevns – DMU441 

Drogden – DMU1728 

Baltic Proper  

East of Bornholm – BRKBMPK2 

 

Denmark 

 

 

BRKBMPK2 startet 1980 

The Quark F18 (depth 100m) or 

 

F16 (depth 40-50m)  

Finland, Sweden 

 

Finland, Sweden 

monitored annually since 1960’s 
(Swedish data since 1970) 

monitored annually since 1960’s 
(Swedish data since 1968) 

 

 

Figure 1. Bottom depth of the Baltic Sea depth with some representative  monitoring stations on the map (red circles). The bottom 
depth is shown in shades of blue and gray.  

 

 

Commented [M6]: SJ: Maybe this station belongs to the 
oxygen depth indicator as it might be deeper than 50 m. .... 
sorry, DK has to follow  up on this. 

Commented [VI-410-37]: Needs updating. Vivi, can you 
update the map in line with the stations given in Table 1)? If 
not, we could simply use this map for demonstrating the 
depth distribution of the Baltic Sea 
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Proposed procedure for determining the stratification type 

The determination of the  type is done separately for each station, applying the stratification types presented 

in the table below (Table 2). For determining the type, monitoring data of near-bottom oxygen concentrations 

(taken about 0.5-1 m above sea floor) are needed for  a data period of at least 3 consecutive years (preferably 

more), with frequent (preferably monthly) observations. In cases of insufficient data, also model estimates or 

expert judgement may be applied. It is important that stations are selected according to their representativity 

for the stratification characteristics of the open-sea area/sub-basin in question based on the monitoring 

stations available.As in the Swedish approach, the near-bottom oxygen concentrations are used as an indicator 

of the mixing characteristics. This is an easy-to-use and admittedly simplified approach as it would be more 

complicated to derive the stratification type from salinity and temperature profiles although these are the 

master factors, as mentioned before. Eutrophication does not influence the stratification which justifies basing 

the typology on recent data, but is known to have negative effects on bottom-water oxygen concentrations. 

Thus it is important to use a threshold value for indicating the type that is precautionary. For typology 

purposes, it is suggested to use 3.5 ml l-1 (>5 mg l-1) which would be consistent with the Swedish approach.  

For determining the type according to the decision tree of the Swedish approach: take the time-series data of 

at least 3 consecutive years (monthly measurements from January to December) for the individual station and 

calculate the average of the lower quartile of all months of this period/calculate the minimum value of all 

months of this period. Note: a graph showing the time series of yearly results (as in Fig. 2 ff.) gives a better 

understanding of the oxygen situation of the station investigated.  

Decision 1: If the resulting value is >3.5 ml l-1 (>5 mg l-1), the station is of the well-mixed type as there is no sign 

of hypoxia. If the resulting value is <3.5 ml l-1 (<5 mg l-1), the station should be tested for the other stratifica-

tion types as follows: 

Decision 2: take the time-series data of at least 3 consecutive years (monthly measurements from January to 

May) for the individual station and calculate the average of the lower quartile. If the resulting value is >3.5 ml 

l-1 (>5 mg l-1), the station is of the seasonally stratified type as there are no signs of hypoxia in the late winter 

to springperiod. If the resulting value is <3.5 ml l-1 (<5 mg l-1), the station is of the perennially or permanently 

stratified type. This needs to be verified by further scrutiny. 

In the shallow water open-sea areas of the southwestern Baltic, the well-mixed and seasonally stratified types 

are the most common types. Perennially or permanently stratified types only occur….. 

Decision 3: To decide whether there is perennial or permanent stratification, longer time series (e. g. 10 year-

period) need to be studied, and the hydrological characteristics need to be looked at in more detail including 

residence times of water, taking into consideration temperature and salinity profiles and saltwater intrusions 

from the North Sea (Major Baltic inflows and/or the lack thereof). In the perennially stratified type, the 

stratification persists longer than only in the summer to early autumn period, with near-bottom oxygen 

concentrations staying below 3.5 ml l-1 (5 mg l-1) in the Jan-May period, sometimes for several years in a row, 

but oxygen contents rises again to values above the threshold once sufficient water exchange has taken place. 

Usually the residence time of water is <1 year or slightly longer. In the permanently stratified type, the 

situation is the same regarding stratification and oxygen conditions in the Jan-May period, but persists for 

many years in a row.  

How to proceed if no monthly measurements are available: In the open-sea area, monthly measurements are 

difficult to perform throughout the year. Many countries take oxygen samples only during the summer season 

or scattered over the year. In these cases it is recommended to base the determination of the stratification 

type on the seasonal (June-Oct/Nov) minimum value of 3.5 ml l-1 (5 mg l-1) or on expert judgement based on 

sound knowledge of the hydrographical characteristics of the stations and the area they represent. 

Commented [HEKNU8]: It is important that the countries 
agree on eg. the locations on the stations (whether the 
stations should be located in stagnant water or with a high 
water flow), how to calculated the concetrations (in which 
depth/below halocline, average/lower quartile of all year or 
the period with anoxia (eg. Aug.-Nov.). 

Commented [M9]: MC: For each year as in Swedish figures 
below or for the time period of 3 years or more? Would 
”calculate the yearly average of the lower quartiles” be 
correct and precise? 

Commented [M10]: KW: According to the Swedish 
method it should be the average for all months during a 3-
year period. In the figures below I calculated the yearly 
average just to get a first view of the situation. 

Commented [M11]: SJ: Does this include Kattegat? If yes 
then it shoudl be western Baltic. 

Commented [M12]: Where? Quark? 



 

Baltic Marine Environment Protection Commission 

Second meeting of the intersessional network on 
eutrophication 
Online meeting, 30 September 2016 

STATE & CONSERVATION 5-2016 

 

 

 Page 7 of 36  
 

Table 2: Proposed “Stratification typology” based on stratification of water column and residence time of water. Modification of the Swedish typology used for the Swedish oxygen balance 

indicator. Typology is applicable to open sea waters and may be used as well for  coastal waters, e. g. if no national typology for coastal waters exists. 
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Stratification type 
Stratification characteristics 
and consequences for 
oxygen conditions 

Residence time of 
water/mixing 

Explanatory remark Example (see testing 
results below) 

Well-mixed with 
oxygenated near-
bottom waters  

Well-mixed throughout the 
water column, no seasonal 
or permanent stratification, 
thermo- and/or haloclines 
do not lead to hypoxia or 
anoxia in the water below. 
Oxygen concentration will 
stay above the type-specific 
threshold value  throughout 
the year.  

< 1 year, vertical 
circulation and lateral 
mixing occur frequently 

Natural condition in well-mixed areas of the 
Baltic Sea where no "morphological barriers" 
like e.g. in deep basins or fjords naturally 
obstruct mixing processes 

Bay of Mecklenburg, Kiel 
Bay (areas <15 m depth), 
Belt Sea, Kattegat in 
general?), Quark 

Seasonally stratified Water column is seasonally 
stratified; thermo- and/or 
haloclines prevent mixing of 
bottom water with oxygena-
ted water from surface and, 
if morphological barriers like 
e.g. sills are present, from 
adjacent areas. Seasonal 
hypoxia may occur. Oxygen 
concentration drops below 
the type-specific threshold 
during the growth season 
(summer, autumn) but 
returns to levels above the 
threshold  in winter and 
spring/early summer 

< 1 year, vertical 
circulation seasonally 
obstructed by thermo- 
and/or halocline 
formation, in enclosed 
areas (e.g. between sills) 
lateral transport may be 
obstructed as well 

Seasonal stratification is a natural phenomenon 
in some areas of the Baltic Sea and may (as in 
lakes) temporarily lead to hypoxia, e.g. after 
sedimentation of the spring bloom.  Degree of 
hypoxia depends on amount of organic matter 
arrived at the sea-floor, oxygen concentration 
present before sedimentation of bloom, 
morphological characteristics of the sea-floor 
(lateral transport/ mixing processses) and 
volume of water below halocline. 

Belt Sea, Öresund, 
Kattegat; 
Arkona Basin (deep areas), 
shallow areas of Belt Sea 
and Kattegat with depths 
>15 m and in areas where 
the halocline lies at such a 
depth that only a small 
volume of deep water is 
left at the bottom,  
Gulf of Riga 
 

Stratified with 
perennial oxygen 
deficieny (hypoxia/ 
anoxia) 

Fairly stable stratification for 
longer than growth season; 
type mainly occurs in 
enclosed areas (e.g. between 
sills) favouring stable 
halocline formation and 

< 1 year or slightly longer, 
vertical circulation 
obstructed by thermo- 
and/or halocline 
formation,  lateral mixing 
obstructed by 

Naturally occurring in enclosed areas where 
stratification is relatively stable and mixing 
occurs infrequently depending on weather and 
lateral transport processes (bottom currents, 
saline water inflow events) 

Several water bodies in 
Swedish coastal waters, 
open sea: needs to be 
investigated 

Commented [VI-410-313]: MC: Helle, Karin, please 
comment 
KW: There are periods in Kattegat with seasonal hypoxia. 

Commented [M14]: SJ: Kattegat, Belt sea and Oresund is 
in generel characterised as beeing stratified in most parts of 
the year (because of the big salinty gradient ) 

Commented [VI-410-315]: Karin can you give an example 
please? 
KW: I have not studied open sea data but for coastal waters 
we have several water bodies that have perennial problems. 
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obstructing lateral transport 
processes. This may favour 
hypoxic or anoxic conditions. 
Oxygen concentration stays 
below  threshold longer than 
only during summer/ 
autumn, sometimes for 
several years in a row, but 
oxygen contents rises again 
to values above the 
threshold once sufficient 
water exchange has taken 
place. 

morphological barriers; 
mixing occurs 
infrequently depending 
on weather and 
currents/lateral transport 
processes. 

 (Semi)permanent 
stratification with 
hypoxic/anoxic 
conditions 

Permanent stratification  (= 
year-round plus occurring for 
many years, even decades, in 
a row), e.g. in deep 
(sub)basins or fjords where 
stable haloclines bordered 
by morphological barriers 
prevent or obstruct vertical 
circulation and lateral 
mixing. Hypoxic or anoxic 
conditions will prevail most 
of the time. Oxygen concen-
tration stays below thres-
hold  throughout the year for 
many years (even decades), 
with only occasional inter-
ruption 

>>1 year, 
circulation/mixing  of 
deep water occurs rarely, 
inflow of oxygenated 
saltwater will raise oxygen 
levels but only for a 
limited period of time 

Naturally occurring, environmentally improving 
measures will have limited or no effect on 
oxygen conditions 

Byfjorden (Sweden) 

Note: In some areas, upwelling events may occur, transporting poorly oxygenated water from deeper areas to shallower and usually better oxygenated waters. Depending on 

the upwelling event (amount of water, time of year) large and even desasterous effects may occur (e.g. death of benthic populations). As these are irregularly occurring 

events, this is not reflected in the typology, but needs to be taken into account in the assessment, e.g. if an unexpected deterioration of oxygen conditions occurs).  
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Effects of hypoxia and anoxia 

Hypoxia means ”low oxygen”. In aquatic ecosystems, low oxygen ususally means a concentration of dissolved 

oxygen of less than 2-3 mg l-1 (ESA 2012). The threshold oxygen concentration at which various animals are 

affected varies, effects generally start to appear when dissolved oxygen drops below 2.8-3.4 ml/l (4- 4.8 mg/l) 

and acute hypoxia is usually defined between 1.4 – 2.1 ml/l (2-3 mg/l) [Rabalais, 2001; Diaz & Rosenberg, 

1995; Aertebjerg et al. 2003, Swedish EPA, 2007]. A broad comparative analysis across a range of contrasting 

marine benthic organisms showed that the conventional definition of 2 mg O2/liter to designate waters as hypoxic is 

below the empirical sublethal and lethal O2 thresholds for half of the species tested (Vaquer-Duarte & Sunyer 2008). 

These authors claim that although hundreds of experiments to determine thresholds of hypoxia for a range of 

benthic organisms have been conducted, the oxygen thresholds for hypoxia proposed in the literature are based on 

limited observations of impacts on organisms. Whereas the thresholds of hypoxia proposed in the literature they 

studied range broadly from 0.28 mg O2/liter to 4 mg O2/liter), most reports (55%) refer to a value of 2 mg O2/l or 

lower (mean ± SE of thresholds proposed in the literature: 2.31 ± 0.10 mg O2/liter) used in most conventional 

applications. The authors state that this thresholds refers to the oxygen level for fisheries collapse, but there is 

ample experimental evidence that a 2-mg O2/liter threshold may be inadequate to describe the onset of hypoxia 

impacts for many organisms, which experience hypoxia impacts already at higher oxygen concentrations. Moreover, 

the diversity of behavioral and physiologic adaptations to hypoxia suggests that different taxa are likely to exhibit 

different vulnerability to hypoxia and may have, therefore, different oxygen thresholds, a possibility that is not 

addressed by the conventional oxygen thresholds in use. Vaquer-Duarte & Sunyer’s literature-based examination of 

thresholds for hypoxia derived experimentally revealed the existence of a broad range of variability, with median 

lethal and sublethal oxygen thresholds and lethal times (LT50s) after exposure to hypoxia ranging over an order of 

magnitude across experiments. These authors suggest to consider a range of thresholds for hypoxia, rather than a 

mean value that does not capture the order-of-magnitude variability across organisms. They found 4.6 mg O2/liter 

to be the 90th percentile of the distribution of mean lethal concentrations (LC50). One could thus expect that oxygen 

concencentrations above this level would maintain the population for most, except the 10% most sensitive, species. 

Vaquer-Duarte & Sunyer suggest this oxygen level as a precautionary limit to avoid severe mortality events. Using a 

threshold based on LC50 would be one example out of several options – sublethal concentrations and  lethal times 

upon exposure to hypoxia would be other options. Ninety percent of the experiments conducted reported median 

sublethal oxygen concentrations below 5.00 mg O2/liter. The median lethal time (LT50) upon exposure to acute 

hypoxia (<2 mg/l) also varied greatly across organisms tested, from only 23 min for the flounder Platichthys flesus, 

to more than 32 weeks for the bivalve Astarte borealis at temperatures below 20°C. Priapulida were the most 

tolerant group which had significantly longer LT50 under hypoxia than other taxonomic groups, and molluscs, the 

second most tolerant group, also showed significantly longer LT50 under hypoxia than annelids, fish, and 

crustaceans, which were the most sensitive groups. Sessile organisms also had longer LT50 than mobile organisms 

did. Mobile organisms have the capacity to avoid hypoxic waters and thus tend to show comparably high oxygen 

thresholds. 

However, the study by Vaquer-Duarte & Sunyer (2008) considered aquatic life from all over the world, and it is not 

clear whether the results are fully representative of the conditons of the Baltic Sea where anoxia is – to some extent 

– a natural phenomenon. 

Reactions to hypoxia include avoidance of areas with low oxygen concentrations. As reported by Vaquer-Duarte & 
Sunyer (2008) and in the literature cited by these authors, benthic fish have been reported to move to near-surface 
waters to breathe when bottom waters become hypoxic, and crustaceans move to shallower areas. Many benthic 
organisms (polychaetes, annelids, crustaceans, bivalves, priapulids, and anemones) leave their burrows or tubes to 
move to the sediment surface or reduce their burial depth in the presence of hypoxia. Some bivalves stretch their 
siphons upward into the water column to reach waters with higher oxygen concentrations. Some echinoderms 
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stand immobile on their arm tips with the central disk elevated to avoid the hypoxic bottom water, and some 
gastropods climb structures to reach waters with higher oxygen concentration. Metabolic adaptations to cope with 
hypoxia include depression of activity in the presence of hypoxia, as reported for echinoderms; reduced feeding 
activity (e.g., some crustaceans, molluscs, and polychaetes); reduced metabolic rates (e.g., cnidarians) and 
heartbeat rate (some crustaceans); and shift to anaerobic metabolism over time scales of hours to days, an 
adaptation widespread among bivalves, polychaetes, oligochaetes, echinoderms, and the mud-shrimp Calocaris 
macandreae, among others.  

 

Definition of hypoxia and anoxia 

Hypoxia:  

The threshold oxygen concentration at which marine organisms are affected varies across taxa and species. 

For reasons of practicality and for use with this indicator, the threshold to hypoxia is defined as oxygen 

concentration of 4 mg/l (2.8 ml/l). Below this oxygen concentration, the majority of marine species 

investigated is reported to be severely affected by lack of oxygen (based on LC50-values - lethal concentration 

for 50 % of species according to literature study of Vaquer-Duarte & Sunyer 2008). An oxygen concentration of 

2 mg/l (1.4 ml/l) is regarded as boundary value for acute hypoxia with severe consequences for marine life. 

This definition of hypoxia is not to be confused with GES thresholds. In some marine areas, hypoxia may occur 

for natural reasons (e.g. in stratified bodies of water). The degree and extent of hypoxia (both in space and 

time) as well as the type of water body needs to be taken in consideration when defining GES. 

Anoxia: 

Anoxia means that no dissolved oxygen is present (concentration = 0 mg/l– 0 ml/l) and hydrogen sulphide 
occurs. Only organisms which can live without oxygen can occur under these conditions (mostly microbes). 
When all oxygen is consumed by microbial processes hydrogen sulphide (H2S) is formed, which is toxic for all 
higher marine life. Anoxic conditions lead to release of phosphate and silicate from the sediments to the water 
column, which, due to vertical mixing, can reach the surface layer and the photic zone. High concentrations of 
phosphate favour phytoplankton growth, especially cyanobacteria in the Baltic Sea during summer (Lindberg 
2016).  

 

Natural occurrence of hypoxia 

As reported by Carstensen et al. (2014 PNAS), the Baltic Sea is naturally prone to hypoxia due to a restricted 

water exchange with the ocean and a long residence time above 30 years, but the area of hypoxia (in this 

study: oxygen concentrations <2 mg⋅L−1) expanded in Bornholm and Gotland basin, increasing from around 

5,000 km2 to over 60,000 km2 over the past 115 years as the combined result of climate changes influencing 

deepwater oxygenation and increased eutrophication. Lindberg (2016) also points out that the Baltic Sea is 

characterised by its natural formation as an enclosed estuary with high freshwater input and restricted access 

to oceanic high saline water. The stratification and fjord-like conditions, in combination with eutrophication 

and other factors, form the basis for a problematic oxygen situation in the deep water. 

In the deep basis as well as e.g. in fjords with high water residence times and stable thermohaline stratification 

hypoxia occurs naturally in the near-bottom water due to limited water exchange and high oxygen demand as 

a consequence of decay of organic matter.  

It needs to be stressed that although hypoxia is a natural phenomenon of the Baltic Sea (more more so in the 

Black Sea which is a completely enclosed sea), eutrophication has increased primary production in the photic 

zone and, in consequence, secondary production. The increased amount of biomass/organic matter reaching 

the sea-floor has raised the oxygen demand due to decomposition and mineralization. Thus the degree of 
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hypoxia we see today contains a natural and an anthropogenic component. In addition, as pointed out by e.g. 

Carstensen et al. (2014), there is climate change acting on all oceans including the Baltic Sea as third 

component and indirect effect of human activities. Higher sea temperatures result in decreasing amounts of 

dissolved oxygen, at the same time raising the metabolic activity of marine life which will thus consume more 

oxygen.  

 

Hypoxia and good ecological status 

It was stated above that the definition of hypoxia and good ecological status are not identical because of 

hypoxia being a natural phenomenon of the Baltic Sea – at least to a certain extent. Eutrophication clearly has 

increased the occurrence of hypoxia and anoxia both in time and space. The key messages of the HELCOM 

Environment Fact Sheet on oxygen (Lindberg 2016) state that the area of the central Baltic affected by hypoxia 

(<2 ml l-1 = <2,9 mg l-1) and anoxia remains very high, that deep water salinity remains high in the Baltic Proper, 

which hampers vertical mixing, that hydrogen sulphide is present in the deep water of the South East Baltic 

Proper, East Gotland Basin, the Northern Baltic Proper and West Gotland Basin and that the delicate relations 

between available nutrients, biomass, stratification, water exchange and oxygen levels are not balanced in 

many of the Baltic Sea sub-regions, leading to reduced bio-diversity, fish recruitment and water quality status. 

Though focusing on the deep water areas, this latter result will most probably apply to shallow-water areas as 

well. 

 

Using the typology described above allows for setting different target values for GES, thus taking the different 

stratification characteristics into account which in turn affect the near-bottom oxygen conditions. To account 

for the anthropogenic part acting on oxygen conditions, the precautionary principle should be made use of  as 

well. 

 

Second phase: determining the status 

Once the type has been determined, the assessment can be carried out. There are alternative national 

thresholds that could be applied for the indicator. From HELCOM EUTRO-OPER final report (HELCOM 2015) 

with clarifications from Sweden and Denmark, and with additional information from Germany and Latvia given 

below (table 3xy): 

The assessment units follow the same assessment unit division as in the already agreed and operationalized 
assessment methodology (HEAT, EUTRO-OPER data flow system), that is division of the Baltic Sea into 17 sub-
basins, further division into coastal and offshore areas and division of the coastal areas by WFD water types or 
water bodies as applied nationally.  
 
In many Contracting Parties, near-bottom oxygen concentrations are already used for status classification or 

assessment of the extent of hypoxia of coastal and/or open-sea waters (Table 3 and Annex 1xy).  

It was agreed in IN-Eutrophication that for  coastal waters, the national targets will be used (in most countries: 
WFD threshold values).  
 
In the Swedish approach for coastal waters, the threshold values for the good/moderate boundaries are type-

specific near-bottom oxygen concentrations in case of the oxygen types “well mixed” and “seasonally 

stratifieda”, whereas in the “perennially stratified” and “permanently stratified” types the extent of areas 

below the type- or even waterbody-specific threshold is used for status assessment.   
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For open-sea areas, concentration-based target values can easily be applied to both well-mixed and seasonally 

stratified waters. It was discussed by IN-Eutrophication whether the areal approach could be extended to the 

open sea areas as well. Determination of the aerial extent requires oxygen profiles and depth profiles, 

probably also some  modelling.. Furthermore, areas with large depth variation require more stations than 

areas with low depth variation. At the moment, these requirements  may not be readily available for all 

shallow open sea areas to be assessed, and the determination of GES boundaries for the areal extent of 

hypoxia would be a much too challenging task in view of the short time left until the next HOLAS assessment. 

Thus it is recommended to stick to concentrations as thresholds for these types in the shallow open sea area, 

too. Nevertheless it seems worthwhile to revisit the areal approach for future HOLAS assessments after 2017. 

A decision still to be taken is whether Contracting Parties can agree on joint target values for the open-sea 

areas of sub-basins they join. A proposal is presented in Figure 18xy. It is proposed to apply the stratification 

type approach also in open-sea areas and to use the target of >6 mg l-1 for determination of GES in well-mixed 

waters. For seasonally stratified areas a less ambitious target of >4 mg l-1 is proposed on the grounds that 

seasonal stratification is often accompanied by seasonal hypoxia. Depending on the area, the water exchange 

(particularly in the southwestern part of the Baltic Sea where saltwater intrusions from the North Sea strongly 

influence the oxygen conditions) and the degree of eutrophication the near-bottom oxygen concentration may 

go further down and even lead to anoxic conditions. Thus >4 mg l-1 is regarded as good status for this 

stratification type. This is supported by scientific findings that although the threshold oxygen concentration at 

which various animals are affected varies, effects generally start to appear when dissolved oxygen drops below 

2.8-3.4 ml/l (4- 4.8 mg/l) and acute hypoxia is usually defined between 1.4 – 2.1 ml/l (2-3 mg/l) [Rabalais, 

2001; Diaz & Rosenberg, 1995; Aertebjerg et al. 2003, Swedish EPA, 2007].  

 

Table 3: Information on national approaches to oxygen status classification based on near-bottom oxygen concentrations 

(HELCOM 2015) in coastal and open-sea waters, with a clarification provided by Denmark 
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Data period Monitoring 
frequency 

Statistical method Threshold Reference 

Jan - Dec monthly lowest quartile 2.1 ml l-1 (3 mg l-1) (good/moderate 
boundary for waterbodies with 
seasonal hypoxia. Water bodies 
without hypoxia, >3.5 ml l-1 (>5 mg 
l-1), are always classified as high 
status.) 

Sweden, WFD, 

HVMFS 2013-19, 

coastal waters 

Jan-Dec Monthly  minimum >3.5 ml l-1 (>5 mg l-1) (GES) Sweden, MSFD, 
HVMFS 2012-18, 
offshore waters of 
Skagerrak, Kattegat, 
Åland Sea, Bothnian 
Sea, The Quark and 
Bothnian Bay 

Februar, 
August – 
October (a 
few stations 
are 
monitored 
twice a 
month 
during the 
whole year) 

Monthly in 
February 
and  
August-
October (a 
few 
stations 
twice a 
month for 
the whole 
year) 

Minimum <2 mg l-1  (= 1.4 ml l-1) = acute 
hypoxia, or 2-4 mg l-1 (=1.4 - 2.8 ml 
l-1) for a short time = moderate 
hypoxia 

Denmark, MSFD 
(Exception: target 
not valid for some 
areas with naturally 
occurring hypoxia) 

Aug.-
Oct./Nov. 
with focus 
on Sept. 

monthly 
with addi-
tional set 
of stations 
sampled in 
Sept. 

Minimum good: >6 mg l-1 (= >4.2 ml l-1), 
moderate: >4 mg l-1 (= >2.8 ml l-1) 
poor: >2 mg l-1 (= >1.4 ml l-1), bad: 
>1 mg l-1 (= >0.7 ml l-1), very bad: 
<=1 mg l-1 (<=0.7 ml l-1) 

Germany, national 
use 

Jun - Nov ? Minimum <4.2 mg l-1  (=<2.9 ml l-1)= no GES Poland, MSFD 

Jan – Dec    ?  Minimum <5 mg l-1  (=  <3.5  ml l-1)= no GES Latvia, national 

 

For German waters,  the thresholds for MSFD purposes (good status) have in the meantime been set 

tentatively to >6 mg/l (= >4.2 ml l-1) for non-stratified areas (corresponding to oxygen type “well mixed” = 

“oxygenated near-bottom waters”) and >4 mg/l (= >2.8 ml l-1) for stratified areas (corresponding to oxygen 

type “seasonally stratified”). 

Latvia informed that the Gulf of Riga shows temporal = seasonal hypoxia from time to time. The classification 

system currently in use differentiates between bad status (<3 mg l-1 = <2.1 ml l-1), moderate status (3 – 5 mg l-1  

= 2.1 – 3.5 ml l-1) and good status (>5 mg l-1 = >3.5 ml l-1).  In good status, oxygen saturation usually is more 

than 40 %. In case of varying salinity the saturation index can be used as unifying element. Sampling is 

performed in May, August and November, thus missing out the potentially critical months September and 

October. 
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Testing examples 

The indicator procedure of i) determining the stratification type and ii) assessing the status was tested in 

several sub-basins. The third step of the indicator procedure (aggregation of results for a sub-basind) is 

described in the following chapter.   

Kattegat 

 

Figure 2. Bottom data from the lowest quartile from station Anholt E in the Swedish part of Kattegat. Red dots are the result from 
testing for the ”well-mixed” type with oxygenated bottom water using whole-year data (Jan-Dec), and the results are mostly 
above 3.5 ml/l which indicates that Anholt E belongs to this type. However, for some years the value is below 3.5 ml/l. Testing 
for seasonal hypoxia (blue crosses, data Jan-May) shows that the type would be ”seasonally stratified” for those years 
because from Jan-May (”unaffected period”) the values are well above 3.5 ml l-1 (corresponding to 5 mg l-1).  

 

Figure 2 shows that station Anholt E belongs mainly to the well-mixed type although in some years seasonal 

stratification and thus a change of type occurs.  As the station is situated in Swedish open-sea waters, the 

national  MSFD target of 3.5 ml l-1 (5 mg l-1) which is based on the yearly minimum value (January-December 

data; minimum value in contrast to Swedish WFD method) would apply.  

Station West Landskrona (Figure 3) in the Sound shows the opposite picture as it is mainly of the seasonally 

stratified type, although in some years a change towards well-mixed occurs.  
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Figure 3. Bottom data from the lowest quartile from station West Landskrona in the Swedish part of the Sound. Red dots are the result 

from testing for the ”well-mixed” type with oxygenated bottom water based on data from Jan-Dec, and the result is mostly 

below 3.5 ml l-1 (5 mg l-1) which indicates that West Landskrona does not belong to the ”well-mixed” type although in some 

years it shows values of >3.5 ml l-1.  Testing the Jan-May data (blue crosses) shows that the type is ”seasonally stratified” with 

seasonal hypoxia” as all values are above 3.5 ml l-1.  

 

Arkona Basin 

 

Figure 4. Bottom data from the lowest quartile from station BY2 in the Swedish part of Arkona Basin. Red dots are the result from 

testing for ”oxygenated bottom water” based on data from Jan-Dec, and the result is mostly below 3.5 ml l-1 (5 mg l-1) which 

indicates that station BY2 does not belong to the ”oxygenated bottom water” type although in some years it shows values of 

>3.5 ml l-1.  Testing the Jan-May data (blue crosses) shows that the type is ”seasonal hypoxia” as all values are well above 3.5 

ml l-1.  
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Figure 5. Station O9 northeast of the island of Hiddensee in the western part of Arkona Basin (12 nm zone, depth 13 m, German part of 

Arkona Basin). Bottom oxygen data 2006-2015 as yearly average of the lower quartile in mg/l (left) and ml/l (right). Red line 

marks the Swedish threshold value of 3.5 ml/l = 5 mg/l. Well-mixed type. 

 

Station O9 in the western part of Arkona Basin shows bottom oxygen values (yearly average of lower quartile) 

of well above 3.5 ml/l (5 mg/l). Station O11 which is also situated in the 12 nm zone shows a similar picture 

(Figure xy below). These stations belong to the well-mixed type with oxygenated bottom water (test not 

shown here) and thus differ from the Swedish station BY2 which is seasonally stratified and belongs to the 

”seasonally stratified/seasonal hypoxia” type. Monitoring data from German stations in the central part of 

Arkona Basin prove that these stations are also seasonally stratified (G. Nausch, pers. comm.). Thus we need 

more than one station in the open sea area of Arkona Basin for determining the type, and the assessment 

needs to be carried out based on the stratification characteristics and thus ”oxygen types” of the monitoring 

stations and the areas they represent. While WFD water bodies are relatively small units where one station 

may sufficiently describe their characteristics, larger areas like the open sea sub-basins may include several 

types which need to be taken into account. Monitoring stations should be representative of the sub-basin. 

Therefore it is suggested to use all relevant stations both for typology and assessment. 

 

 

Figure 6. Station O11 east of Sassnitz (island of Ruegen) in the eastern part of Arkona Basin (12 nm zone, depth 20 m, German part of 

Arkona Basin). Bottom oxygen data 2006-2015 as yearly average of the lower quartile in mg/l (left) and ml/l (right). Red line 

marks the Swedish threshold value of 3.5 ml/l = 5 mg/l. Well-mixed type. The German target value would be >6 mg/l (= >4.2 

ml/l) for this type.  
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The German approach for classification would be to apply a bottom oxygen target of >6 mg/l for station O11 

and the area it represents based on the seasonal minimum value. The area is not seasonally stratified and thus 

should not show symptoms of oxygen deficiency in good status. As becomes obvious from Figure xy below, the 

seasonal oxygen minimum often lies below 6 mg/l so that good status is failed in most years. Good status was 

found in 2008, 2010 and ”just so” in 2015. For the assessment period 2010-2015 the seasonal minimum varied 

between 3.8 and 7.7 mg/l with an average (median) of 5.4 mg/l. Thus ”good status” would be  failed for this 

assessment period. 

 

  

Figure 7. Station O11 east of Sassnitz (island of Ruegen) in the eastern part of Arkona Basin (12 nm zone, depth 20 m, German part of 

Arkona Basin). Bottom oxygen data 2006-2015 shown as yearly seasonal minimum values on which the German classification is based. 

Left: results in mg/l, right: results in ml/l. Red line marks the Swedish threshold value of 3.5 ml/l = 5 mg/l. Well-mixed type. The German 

target value would be >6 mg/l (= >4.2 ml/l) for this type.  

 

Bay of Mecklenburg 

  

Figure 8. Station O5 north of Rostock-Warnemuende in the central part of Bay of Mecklenburg (12 nm zone, depth 12 m). Bottom 

oxygen data 2006-2015 as yearly average of the lower quartile in mg/l (left) and ml/l (right). Red line marks the Swedish 

threshold value of 3.5 ml/l = 5 mg/l. Well-mixed type. 
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Figure 9. Station O22 north of Boltenhagen in the western part of Bay of Mecklenburg (12 nm zone, depth 22 m). Bottom oxygen data 

2006-2015 as yearly average of the lower quartile in mg/l (left) and ml/l (right). Seasonally stratified type (test not shown). 

Red line marks the Swedish threshold value of 2.1 ml/l = 3 mg/l which is the good/moderate boundary for waterbodies with 

seasonal hypoxia.  

   

Figure 10. Station O22 north of Boltenhagen in the western part of Bay of Mecklenburg (12 nm zone, depth 22 m). Bottom oxygen data 

2006-2016 shown as yearly seasonal minimum values on which the German classification is based. Left: results in mg/l, right: 

results in ml/l. Red line marks the Swedish threshold value of 3.5 ml/l = 5 mg/l. Seasonally stratified type for which seasonal 

hypoxia is a typical phenomenon. The German target value would be >4 mg/l (= >2.8 ml/l) for this type. 

 

In Bay of Mecklenburg, there are areas which are well mixed like at station O5 as well as areas which are 

seasonally stratified  like at station O22 and thus more easily prone to oxygen problems. Like in Arkona Basin, 

the assessment should be based on both types. In the German oxygen classification, the oxygen targets are >6 

mg/l based on the seasonal minimum value (August-October/November) for well mixed areas and >4 mg/l in 

areas with seasonal stratification. Station O22 belongs to the seasonally stratified type. Station O22 clearly 

shows oxygen problems as the seasonal minimum goes down to 0 mg/l and is thus classified as not being in 

good status. For the assessment period 2010-2015 the average (median) of the seasonal minima would be 0.1 

mg/l.  

In the Swedish method, the limit between good and moderate status for water bodies with seasonal hypoxia is 

set to 2.1 ml/l at which several benthic plants and animals exhibit acute hypoxia (Anon. 2014). The status 

classification for this type is made using data from January to December and comparing the average of the 

lower quartile with the good/moderate boundary. If this approach is used for station O22, the average of the 

lower quartiles would be 1.5 mg/l (mean) or 1 mg/l (median). The seasonal minimum approach yielded 0.1 

mg/l and is thus a bit more ambitious than the average of lower quartile-approach. 
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Kiel Bay 

 

 

 

 

Figure 11. Determination of the stratification type of stations ”Central Kiel Bay” (OMBMPN3), top, and station ”Southern Kiel Bay” 
(OM225066), bottom,  in the shallow open-sea area (12 nm zone). The red line marks the Swedish threshold value of 3.5 ml l -

1 (5 mg l-1) for differentiation between seasonally stratified (seasonal hypoxia) and well-mixed (and thus well-oxygenated) 
waters based on the average of the lower quartile of whole-year data (Jan-Dec). According to this test both stations belong to 
the well-mixed type as the average of the lower quartile is above the threshold value of 3.5 ml l-1. The southern station is not 
as well oxygenated as the central station. However, it should be noted that the whole-year data set for these stations does 
not consist of monthly measurements and the test as such is not representative for this area. The oxygen measurements are 
mainly carried out in the non-stratified period (i. e. January, March, May, 2 times in June, September and November). We 
have no data from July and August when the stratification with its consequences for near-bottom oxygen concentratons is 
starting to occur. Also, our station „Central Kiel May“ is only 16.5 m deep and thus relatively shallow. A stable stratification is 
occurring in deeper waters of the inner fjords and bays of the coastal water area, like in Flensburg fjord, Eckernfoerde Bight 
and Outer Kiel fjord (see examples in Fig. 12). 
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Sauerstoffgehalte in der Westlichen Ostsee – Neustädter Bucht, innen

Saisonale Minima, Zeitraum von 2006 bis 2015

 

 

Figure 12. Examples for Kiel Bay coastal waters: Bottom oxygen concentrations 2006-2015 (September values)  for stations ”Neustädter 

Bucht innen” (well-mixed type, depth 9 m, top) and ”Flensburg inner fjord” (seasonally stratified, depth 20 m, bottom). Red 

line marks the German target value for bottom oxygen which is >6 mg/l in well-mixed and >4 mg/l in seasonally stratified 

waters. Red line marks the German target value for bottom oxygen which is >6 mg/l in well-mixed and >4 mg/l in seasonally 

stratified waters (based on seasonal minimum) 
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Figure 13. Examples for Kiel Bay coastal and open sea waters: Bottom oxygen concentrations 2006-2015 (September values)  for 

coastal station ”Kieler Außenförde” (seasonally stratified, depth 20 m; top) and open sea station ”Flensburg inner fjord” (seasonally 

stratified, depth 17 m; bottom). Red line marks the German target value for bottom oxygen which is >6 mg/l in well-mixed and >4 mg/l 

in seasonally stratified waters (based on seasonal minimum). 

 

In the German part of Kiel Bay, there are well-mixed as well as seasonally stratified areas. The examples given 

in Figures 12xx and 13xx show the results of the September oxygen survey which is carried out annually in Kiel 

Bay waters. In these waters, seasonal stratification usually builds up in early summer (end of May/beginning of 

June) and stays on until about end of October. Oxygen deficiency usually becomes obvious in August and has 

its maximum in September, that is why in September an extensive oxygen survey is carried out covering a 

larger set of stations than those visited throughout the year (T. Petenati/LLUR, pers. comm.). These examples 

show the interannual variabilty of bottom oxygen minimum (= September) concentrations in the German part 

of Kiel Bay.   
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Gulf of Riga 

Data and monitoring 

Based on data reported to ICES, station BMP G1 has been monitored annually since 1989. Sampling has been 

conducted during 1-9 months, and mostly several times per year, during winter, spring, summer and fall.  

Phase 1 

At station BMP G1, the minimum bottom water concentration during Jan-Dec was 0.55 ml l-1, and the 

maximum was 11.7 ml l-1 (Figure). Oxygen concentrations below 3.5 ml l-1 occurred frequently, and a five-year 

period without low oxygen levels was not found. The area could thus not be typified as oxygenated. 

During the 27 years of observations, only ones was the concentration measured below 3.5 ml l-1 during the 

unaffected period (Dec-May). The minimum value during any five subsequent years (despite this one 

measurement) was usually 4-5 ml l-1. The area could thus be typified with seasonal hypoxia. 

 

 
Figure 15. Bottom water oxygen concentration observations (ml l-1), measured during January-December in the station BMP G1 by 
Finland or Sweden. 

 

At station BMP G1, bottom water <3 ml l-1 occurs annually (Figure 16xy, Lindberg 2016). The area does thus 

not consist only of oxygenated waters, but suffers of hypoxia. Data from the unaffected period (December-

May) would be needed, in order to estimate whether the hypoxia is seasonal, perennial or permanent. 

 

Phase 2 

[concentrations during the growth season can be calculated; important to indicate decreased oxygen 

concentrations also in seasonally stratified waters] 
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Figure 16. Bar chart showing autumn oxygen concentrations as a proportion of the volume of the deep basin. The bar expresses the 
proportion of concentrations at 3-4 ml l-1 (dark blue), 2-3 ml l-1 (turquoise), 1-2 ml l-1 (green), 0-1 ml l-1 (orange) and <0 ml l-1 (red). 
From Lindberg 2016. (Same values expressed as mg l-1: 4.3-5.7 mg l-1dark blue; 2.9-4.3 mg l-1 turquoise; 1.4-2.9 mg l-1 green; 0-1.4  mg l-

1 orange; <0 mg l-1 red. Values <0 mg l-1 indicate presence of hydrogen sulphide.) 

 

 

The Quark 

Data and monitoring 

The Quark area consists mainly of a sill located between the deeper basins of Bothnian Bay and Bothnian Sea. 

The HELCOM assessment unit SEA-016 - The Quark includes also minor parts of the deeper basins both on the 

southern and northern side of the ridge (Figure 1). Two monitoring stations monitored annually both by 

Finland and Sweden can be found in SEA-016:  F18 is located slightly south from the sill, at water depth > 100 

m; F16 is located in the northern part of the sill, at a depth of 40-50 m. According to the principles for choosing 

stations for measuring shallow water oxygen, station F18 should be chosen, since it is located in the deepest 

part of the assessment unit. On the other hand, station F16 could be used as well, since it is located on the 

shallow area of the Quark sill. 

F18 has been monitored since 1962. It is sampled by Sweden once a year, in connection with the winter 

nutrient survey, usually in December, and by Finland usually 1-3 times per year during winter, spring and 

summer cruises.  

Phase 1 - Typology 

Apart from two measurements (in 1965 and 1977, based on vertical profiles could be outlayers), the bottom 

oxygen at station F18 varied between 4.79 and 9.40 ml l-1 corresponding to 6.84 and 13.42 mg l-1 (Figure 17x). 

The minimum value during five consecutive years can be thus estimated to be above any of the alternative 

thresholds (see earlier). Quark is thus identified to consist of the well-mixed type with oxygenated bottom 

waters.  

Commented [M27]: SJ: Good idea to include a title with 
phase one and two for all examples 
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Figure 17. Bottom water oxygen concentration observations (ml l-1), measured during January-December in the station F18 (depth 
~100 m) by Finland or Sweden. 

 

Phase 2 

[to be included: an exact indicator value should be estimated also for oxygenated waters, need to indicate 

deteriorating status even in oxygenated waters] 

 

Proposal for aggregation of results for status classification 

Per subbasin, the stations should be assessed based on their type-specific target value (e.g. if well-mixed or 

seasonally stratified type), the results (target reached or failed = “GES” or “sub-GES”) should be shown on the 

map as green/red station marks and the whole basin should be coloured according to the result of the 

aggregation as either “GES”/within target or “Sub-GES”/target failed. Showing the station results in addition to 

the aggregated result for the subbasin allows for specific national use (showing where the Contracting Party 

stands and where problem areas are). If only the aggregated results for the sub-basin were shown, the results 

would be ”smeared” and problem areas might be hidden. 

Ideally, the Contracting parties agree on using joint type-specific target values for the subbasins they share. If 

this is not possible, the “GES/Sub-GES” classification and mapping could be done based on the national values 

but a table needs to be added showing for each subbasin which target values were used. This would be an 

apple-and-pear-comparison but at least be transparent.  
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Figure 18: Overview of existing and proposed targets (e.g. Sweden, Germany) or threshold values for evaluating the degree of hypoxia 

(Denmark) in the southwestern Baltic. In a simplified approach it was attempted to differentiate between well-mixed and 

seasonally stratified areas in German waters by using the depth of 15 m as a proxy (<15 m: well-mixed, >15 m: seasonally 

stratified). This depth was selected from experience (expert opinion). However, this approach failed. While working quite 

well for Mecklenburg Bight, there were   some open-sea shallow water stations e.g. in Arkona Basin (the 12 nm zone) which 

are well-mixed  despite being ><15 m.  Figure courtesy of R. Friedland/IOW, modified.   

 

 

Figure 19: Example of how GES/sub-GES would look like after type-specific assessment of individual stations. Aggregation to produce 

the assessment result for the whole open-sea area of the sub-basin would be the next step. If wished, different symbols 

could be used to depict the stratification type. Note: please disregard the proposed target-legend. It originated from a 

simplified approach trying to use the depth of  15 m as a proxy for differentiation between seasonally stratified and well -

mixed waters (Figure courtesy of R. Friedland, IOW) but it turned out that not all German waters >15 m are seasonally 

stratified.  
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Figure 20. Example of how individual results of assessment stations could be presented based on the concentrations found. The colour 

of the basin would be the result of aggregation of results for the individual stations per basin (green for GES, red for sub-GES, 

not shown yet). The use of different symbols for Contracting Parties’ stations, as shown here using different institutions as 

example, and of different colours for the actual concentrations on which the assessment result is based would help 

Contracting Parties to identify their national situation at the same time which would be helpful for management purposes.  

Note: please disregard the proposed target-legend. It originated from a simplified approach trying to use the depth of  15 m 

as a proxy for differentiation between seasonally stratified and well-mixed waters (Figure courtesy of R. Friedland, IOW) but 

it turned out that not all German waters >15 m are seasonally stratified.  

  

Monitoring and Data requirements 

Monitoring is in place. Open-sea data are available through the ICES database, many Contracting Parties also 

supply their coastal data. 

What is needed by the end of this year is 

a) to define the types of the stations; this needs to be done by Contracting Parties themselves and involves the 

steps described in the typology section above (“Phase 1”);  

b) to report these types to ICES; 

c) ICES to include this station-specific information which would probably require an extra field in the database;  

d) if no common type-specific GES thresholds are agreed upon, the type-specific national targets per sub-basin 

would have to be reported to ICES as well in order to allow for automatic calculation by ICES. 

  

 

 

 

 

 

Commented [VI-410-333]: Hjalte pls check whether 
needed and possible 

Commented [VI-410-334]: Hjalte pls check whether 
possible 



STATE & CONSERVATION 5-2016, 4J-31-Rev.1 
 

 

Page 28 of 36 
 

Conclusions and steps to take for making the shallow-water oxygen indicator operational: 

a) national targets to be applied in coastal waters 

b) transfer of typology to shallow opensea areas is possible, a proposal for stratification types is 

presented 

c) proposal for definition of hypoxia for purposes of this indicator (threshold 4 mg l-1) and proposal to set 

targets for GES according to stratification type taking the precautionary principle into account (e.g. 

well-mixed type: GES at >6 mg l-1, seasonally stratified type: GES at >4 mg l-1), HYPOXIA DEFINITION 

AND TARGETS STILL UNDER DISCUSSION WITHIN IN-EUTROPHICATION  

d) determine the type of the individual assessment stations according to Table 2 by using time series of 

at least 3 consecutive years, preferably more, and preferably based on monthly measurements 

applying the Swedish decision tree method (average of lower quartile) with a reference threshold of 

3.5 ml/l (5 mg/l) to differentiate between well-mixed and seasonally stratified types; if no monthly 

data are available, use the minimum value of the seasonal data for the summer to autumn-period to 

compare with reference threshold of 3.5 ml/l (5 mg/l) for differentiation between these types. 

THRESHOLD FOR TYPE DETERMINATION TAKEN FROM SWEDISH METHOD; STILL UNDER DISCUSSION 

WITHIN IN-EUTROPHICATION  

e) select assessment stations according to their representativity of the stratification types present in the 

sub-basin to be assessed, use as many representative stations as possible based on existing station 

network; CPs to make sure that the most sensitive time period (mostly late summer – Sept/Oct) is 

appropriately covered 

f) do the assessment according to type-specific GES values (if possible, automatic calculation by ICES, 

with the addition contribution of coastal assessment results to be included into the assessment (if data 

are not already supplied to ICES database), decision on assessment mode (seasonal minimum as 

applied by several CPs versus average of lower quartile of whole year data approach as applied by 

Sweden) NEED FOR DISCUSSION IN IN-EUTROPHICATION 

g) aggregate the results for stations according to jointly agreed method (still to be agreed upon) to obtain 

result for assessment unit (shallow open-sea area of sub-basin), METHOD STILL TO BE DISCUSSED 

WITHIN IN-EUTROPHICATION 

h) decision on joint target values for open-sea areas of sub-basins vs. national targets needs to be taken 

(NEED FOR DISCUSSION IN IN-EUTROPHICATION)  
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ANNEX 1 (from: Eutro-Oper 4-2015 Document 5-8 Updated Annex 1 v.2) 

EUTRO OPER-4, Doc. 5-8 Annex 1 

Oxygen Assessment Methods for Baltic Sea Waters - an 
Overview 
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Remarks 

Denmark 

oxygen 
concentr
ation in 
bottom 
water 

July-
November, 
4 separate 
reports 
(July/Aug., 
Sept., 
Okt.,Nov.) X X - 

3 classes (>4 
mg/l: no 
oxygen depl., 
2-4 mg/l: 
oxygen depl., 
0-2 mg/l: 
severe 
oxygen 
depletion) 

descriptive 
method without 
specific target -       X 

Reports regularly 
produced by Aarhus 
University (DCE), often 
including Swedish and 
German data 

Denmark 

oxygen 
concentr
ation in whole year ? X - 

2 classes 
(GES/sub-
GES) 

Target must be 
met at any time or 
place (see remark) 

2 mg/l (<4 
mg/l only 
for short   X     

 Exception: target not 
valid for some areas 
with naturally occurring 
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bottom 
water 

time) hypoxia  

Estonia 

none at 
the 
moment                       

Oxygen measurements 
and indicator 
development have 
recently been proposed 
to the Ministry, decision 
pending 

Finland 

no 
coastal 
oxygen 
indicator 
or 
assessme
nt criteria 
in place                         

Germany 

oxygen 
concentr
ation in 
bottom 
water 

Aug.-
Oct./Nov. 
with focus 
on Sept. X X - 

5 classes 
(good: >6 
mg/l, 
moderate: 6-
>4 mg/l, 
poor: 4->2 
mg/l, bad: 2-
>1 mg/l, very 
bad: 1 mg/l 
and less) 

worst 
measurement 
result per station 
within the 
assessment period 
is used for 
classification. 
Descriptive 
method without 
specific target.  -       X 

Method used in both parts 
of the German Baltic Sea. 
In Schleswig-Holstein 
waters, a special oxygen 
survey is carried out in 
September, covering more 
stations than those 
routinely investigated 
throughout the year. 
"Good status" value may 
be too ambitious and is 
under discussion (Kiel Bay: 
>4 mg/l proposed as MSFD 
target) 
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Germany 

oxygen 
concentr
ation in 
surface 
and 
bottom 
water whole year X X - 

6 classes 
(oligo-, meso-
, eutrophic, 
highly 
eutrophic, 
polytrophic, 
hypertrophic) 
for each of 
the 9 
parameters 
used 

worst 
measurement 
result was used for 
classification; 
bottom oxygen 
only considered in 
stratified waters, 
classification 
system comprised 
3 sets of criteria 
with a total of 9 
parameters. 
Descriptive 
method without 
specific target  -       X 

Formerly applied in 
Mecklenburg-Vorpommern 
waters to describe the 
trophic status (oligo- to 
hypertrophic) based on 
nutrient conditions, 
produc-tivity level, oxygen 
and organic matter, no 
longer in use. Note: o-PO4 
not to be assessed in 
shallow areas (e.g. some 
inner coastal waters) with 
conserable interaction 
between P and sediment 
(sorption/desorption 
equilibrium) 

Latvia 

oxygen 
concentr
ation in 
bottom 
water ? (-) X   

3 classes 
(boundaries 4 
and 2 mg/l) 

descriptive 
method without 
specific target or 
formalized class 
boundaries -       X 

The term "coastal" 
probably needs some 
further consideration. It is 
so because we consider 
coastal up to 10-12 m 
depth. In this case there is 
no need for oxygen 
indicators because water is 
mostly well mixed and any 
oxygen consumption is 
balanced by water mixing. 
So if the whole Gulf of Riga 
can be looked on as 
"coastal" then we probably 
should start to think about 
oxygen indicators 

Lithuania 

no 
informati
on 
available                         
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Poland 

oxygen 
and 
hydrogen 
sulphide 
concentr
ations in 
offshore 
areas           

descriptive 
method without 
specific target or 
formalized class 
boundaries -       X 

Until 2005 (WFD 
implementation) oxygen 
and H2S-conditions only 
assessed in offshore-areas 
of Polish EEZ (deep 
basins/areas like Gdansk 
Deep,  SE Gotland Basin, 
Bornholm Deep) and deep 
areas of Gulf of Gdansk) 

Poland 

oxygen 
concentr
ation in 
bottom 
water of 
shallow 
areas 

June-
November X X   

3 classes 
(>6.0 mg/l = 
high status, 
6.0 - 4.2 mg/l 
= good 
status, <4.2 
mg/l = no 
GES) 

minimal oxygen 
concentration in 
assessment period 
is used for 
classification 

 4.2 mg/l 
(good 
status) (X)? X     

no class limits assigned for 
poor and bad status as it is 
very rare that the minimal 
oxygen concentration is 
<4.2 mg/l in coastal waters, 
infrequently it was 
measured in Vistula 
Lagoon and Szczecin 
Lagoon between 2000-
2006. In the MSFD Initial 
Assessment transitional 
and coastal waters were 
classified this way. Poland 
to check use in WFD 
assessment. 

Poland 

oxygen 
concentr
ations in 
deep 
water 
areas 

June-
November     X 

4 classes 
(good: >4.0 
cm3/dm3 = 
5.7 mg/l; 
moderate: 
4.0-3.0 
cm3/dm3; 
poor: 3.0-2.0 
cm3/dm3; 
bad: <2.0 
cm3/dm3) 

minimal oxygen 
concentration in 
assessment period 
is used for 
classification -   X     

In the MSFD Initial 
Assessment the 
classification system for 
deep water areas was 
developed basing on 
concentrations 
expressed in cm3/dm3.  
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Sweden 

Hypoxia 
testing 
and 
classificat
ion of 
oxygen 
condition
s in 
coastal 
waters 

whole year 
for checking 
if hypoxia 
occurs, Jan-
May (3 
consecutive 
years) for 
determining 
type of 
hypoxia X - - 

5 classes 
(WFD system, 
different 
class 
boundary 
values based 
on type of 
hypoxia 
prevailing in 
water body) 

no hypoxia if station 
average Jan-Dec in 
the lower quartile of 
Boxplot exceeds the 
reference value  of 
3.5 ml/l (= 5.0 mg/l). 
Water bodies with 
seasonal hypoxia: 
good status at <3.5 
ml/l-2.1 ml/l (<5.0-
3.0 mg/l). Perennial 
or permanent:  
water-body specific 
boundaries. 

target is 
good WFD 
status (3.5 
ml/l = 5.0 
mg/l in 
water 
bodies 
without 
hypoxia, 
see 
previous 
column for 
targets in 
water 
bodies with 
hypoxia)  X       

Hypoxia in Swedish coastal 
waters has greatest 
distribution during growing 
season (Jun-Dec); while 
oxygen concentrations Jan-
May reflect a form of 
background value. 4 types 
of  hypoxia defined: No 
hypoxia, seasonal, 
perennial and permanent 
hypoxia. Details see main 
part of document 

Sweden 
Oxygen 
balance   - - X 

2 classes 
(GES/sub-
GES) 

oxygen 
concentration in 
bottom water 

>3.5 ml/l                 
(>5 mg/l) - X - - 

Valid for Skagerrak, 
Kattegat, Bothnian Sea 
and Bothnian Bay 
offshore water. Not valid 
for the central Baltic 
Sea. 

Sweden 

Oxygen 
consumpt
ion 
indicator                       under development 

Russia 

no 
informati
on 
available                         

HELCOM targets for 
Open Sea Areas                           

Bornholm Sea 
Oxygen 
debt   - - X 

2 classes 
(GES/sub-
GES) TARGREV method 

6.37 mg/l 
(as oxygen 
debt)     X     
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Eastern Gotland Basin 
Oxygen 
debt   - - X 

2 classes 
(GES/sub-
GES) TARGREV method 

8.66 mg/l 
(as oxygen 
debt)     X     

Western Gotland Basin 
Oxygen 
debt   - - X 

2 classes 
(GES/sub-
GES) TARGREV method 

8.66 mg/l 
(as oxygen 
debt)     X     

Gdansk Basin 
Oxygen 
debt   - - X 

2 classes 
(GES/sub-
GES) TARGREV method 

8.66 mg/l 
(as oxygen 
debt)     X     

Northern Baltic Proper 
Oxygen 
debt   - - X 

2 classes 
(GES/sub-
GES) TARGREV method 

8.66 mg/l 
(as oxygen 
debt)     X     

Gulf of Finland 
Oxygen 
debt   - - X 

2 classes 
(GES/sub-
GES) TARGREV method 

8.66 mg/l 
(as oxygen 
debt)     X     
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Annex 2 – Map of Danish stations 
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