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a b s t r a c t

This study follows up on a previous assessment of eutrophication status in the Baltic Sea, which covered
the period 2001–2006. The updated assessment is based on new eutrophication targets, an improved
eutrophication assessment tool (HEAT 3.0) as well as monitoring data for the period 2007–2011. Based
on classifications of eutrophication status in all Baltic Sea sub-basins, we reveal that during the assess-
ment period 2007–2011, the entire open Baltic Sea was affected by eutrophication. This is a different
conclusion compared to earlier assessments and studies. Whilst the confidence of the assessment was
high or moderate in most basins, there were indications of declining confidence in some assessment
units and improved confidence in others. The problems in confidence were mainly related to scarcity
of in situ monitoring data on chlorophyll-a and Secchi depth. The potential implications of our results,
e.g. the expansion of the eutrophic zone and declining confidence in the classifications of eutrophication
status, are discussed in relation to the existing Baltic Sea-wide nutrient management strategy as well as
future assessment activities.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The Baltic Sea is a brackish water body encompassed by the
Scandinavian peninsula and the mainland of northern Europe.

Abbreviations: Chl-a, chlorophyll-a; DIN, dissolved inorganic nitrogen
(NOX+NH4-N); DIP, dissolved inorganic phosphorus (PO4-P); ES, indicator-specific
state, based on monitoring data from the assessment period; ET, indicator-specific
target/boundary determining lower limit of GES; ER, eutrophication ratio, derived
from ET and ES; EQR, ecological quality ratio, derived from ES and reference con-
dition (not used in present assessment); ES-Score, confidence of ES estimate;
ET-Score, confidence of ET; FCR, final quality rating of the assessment; GES, good
environmental status, referring to an acceptable level of eutrophication; GES-
boundary, boundary between GES and sub-GES; HEAT, HELCOM eutrophication
assessment tool; MSFD, Marine Strategy Framework Directive of the European Union
(Anonymous 2008); Sub-GES, unacceptable level of eutrophication, not meeting the
requirements of GES.
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Bordering states are Denmark, Estonia, Finland, Germany, Latvia,
Lithuania, Poland, Russia and Sweden. The environment of the
Baltic Sea is affected by intensive use of the sea itself and anthro-
pogenic activities in its catchment area (HELCOM, 2010). The main
environmental problems faced by the Baltic Sea are related to
excess inputs of nutrients and hazardous substances as well as fish-
ing and other offshore activities, resulting in an impaired status of
the marine ecosystem in regard to eutrophication, hazardous sub-
stances and biodiversity (HELCOM, 2010; Korpinen et al., 2012).
Hence, the Baltic Sea states have agreed on an Action Plan, based
on the ecosystem approach, to manage human activities which has
the overarching aim of attaining a healthy Baltic Sea environment
by 2021 (HELCOM, 2007). This implies an ecosystem with diverse
biological components, functioning in balance, supporting a wide
range of sustainable human economic and social activities (Backer
et al., 2010), including a Baltic Sea unaffected by eutrophication.

In the present study, we assessed eutrophication status in open
sea basins of the Baltic Sea for the years 2007–2011, following up
on an earlier eutrophication assessment for the period 2001–2006
(HELCOM, 2009; Andersen et al., 2010, 2011). Both assessments
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relied on joint efforts of the Baltic Sea states for monitoring, repor-
ting data as well as agreeing on common eutrophication targets and
assessment principles. The aim of the eutrophication assessment
is to follow the progress towards reaching the ecological quality
objectives for eutrophication of the Baltic Sea Action Plan (HELCOM,
2007), which also supports the implementation of the Marine Strat-
egy Framework Directive of the European Union (MSFD, Anon.,
2008) in the Baltic Sea region.

The study is more than an update using latest available data.
Firstly, we base the assessment on new and recently agreed
eutrophication targets which were set through a documented,
scientifically-based process (HELCOM, 2013a). Secondly, we base
the study on the application of HEAT 3.0, which is a revised version
of the HELCOM eutrophication assessment tool (HELCOM, 2014).
Thirdly, the study is a fully harmonised and integrated assessment
of 17 open sea basins of the Baltic Sea using monitoring data from
2007 to 2011, provided by all the Baltic Sea states for joint and
coordinated assessment of the Baltic Sea.

2. Methods

The Baltic Sea was subdivided into 17 open sea basins, referred
to as assessment units, characterised by differences in hydromor-
phology and physical, chemical, and biological conditions (Fig. 1,
Table 1). The division took into account the physical and chemical
characteristics of the water masses (Feistel et al., 2008; Leppäranta
and Myrberg, 2009), aiming at maintaining homogeneity within
basins while keeping the number of assessment units low.

2.1. Data sources

A total of five indicators, representing nutrient levels as well as
direct and indirect effects of eutrophication (see Anon., 2010) were
used to produce the assessment (Fig. 2). Nutrient level indicators
were dissolved inorganic nitrogen (or DIN, average NOX + NH4-N
concentration at 0–10 m depth between December and February)
and dissolved inorganic phosphorus (or DIP, average PO4-P con-
centration at 0–10 m depth between December and February).
Chlorophyll-a (or Chl-a, average chlorophyll-a concentration at
0–10 m depth between June and September) and Secchi depth
(average Secchi depth between June and September) were used
as indicators representing direct effects of eutrophication. Indi-
rect effects of eutrophication were represented by an oxygen debt
indicator (annual oxygen debt below halocline).

In order to evaluate the level of eutrophication, targets for good
eutrophication status (ET) were set for each indicator (Table 2).
Separate targets were set for each assessment unit, taking into
account the regional differences between the basins. These tar-
gets, representing the boundary between good and less-than-good
eutrophication status (or good environmental status (GES) bound-
ary), were set in a two-step procedure: (1) scientific estimation
of target levels (HELCOM, 2013a; Carstensen et al., 2014) and (2)
finalising targets through expert group work (HELCOM, 2012).
The scientific approach employed in the first phase of the tar-
get setting was based on identifying thresholds of ecosystem
change by means of data mining and ensemble modelling. Although
this approach differed from the earlier approach used for set-
ting targets, where tentative targets were set through reference
conditions and acceptable deviations (HELCOM, 2006, 2009), the
targets resulting from the two approaches were compatible in that
they both aimed to describe the boundary between an accept-
able and unacceptable eutrophication status. During the second
phase, a group of eutrophication experts from the Baltic Sea region
convened to review the scientifically estimated targets for each
basin, with the objective to achieve harmonised targets between Ta
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