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Abstract:

1. Improving the health of coastal and open sea marine ecosystems 
represents a substantial challenge for sustainable marine resource 
management, since it requires balancing human benefits and impacts on 
the ocean. This challenge is often exacerbated by incomplete knowledge 
and lack of tools that measure ocean and coastal ecosystem health in a 
way that allows consistent monitoring of progress towards predefined 
management targets. The lack of such tools often limits capabilities to 
enact and enforce effective governance. 
2. We introduce the Baltic Health Index (BHI) as a transparent, 
collaborative, and repeatable assessment tool. The Index complements 
existing, more ecological-oriented, approaches by including a human 
dimension on the status of the Baltic Sea, an ecosystem impacted by 
multiple anthropogenic pressures and governed by a multitude of 
comprehensive national and international policies. Using a large amount 
of social-ecological data available, we assessed the health of the Baltic 
Sea for nine goals that represent the status towards set targets, e.g. 
clean waters, biodiversity, food provision, natural products extraction, 
and tourism.   
3. Our results indicate that the overall health of the Baltic Sea is 
suboptimal (a score of 76 out of 100), and a substantial effort is required 
to reach the management objectives and associated targets. Sub-
regionally, the lowest BHI scores were measured for carbon storage, 
contaminants and lasting special places (i.e., marine protected areas), 
albeit with large spatial variation. 
4. Overall, the likely future status of all goals in the BHI averaged for the 
entire Baltic Sea is better than the present status, indicating a positive 
trend towards a healthier Baltic Sea. However, in some Baltic Sea basins, 
the trend for specific goals was decreasing, highlighting locations and 
issues that should be the focus of management priorities. 
5. The BHI outcomes can be used to identify both pan-Baltic and sub-
regional scale management priorities and to illustrate the 
interconnectedness between goals linked by cumulative pressures. 
Hence, the information provided by the BHI tool and its further 
development will contribute towards the fulfilment of the UN Agenda 
2030 and its the Sustainable Development Goals. 
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41 Abstract

42 1. Improving the health of coastal and open sea marine ecosystems represents a substantial 

43 challenge for sustainable marine resource management, since it requires balancing human 

44 benefits and impacts on the ocean. This challenge is often exacerbated by incomplete 

45 knowledge and lack of tools that measure ocean and coastal ecosystem health in a way 

46 that allows consistent monitoring of progress towards predefined management targets. 

47 The lack of such tools often limits capabilities to enact and enforce effective governance. 

48 2. We introduce the Baltic Health Index (BHI) as a transparent, collaborative, and 

49 repeatable assessment tool. The Index complements existing, more ecological-oriented, 

50 approaches by including a human dimension on the status of the Baltic Sea, an ecosystem 

51 impacted by multiple anthropogenic pressures and governed by a multitude of 

52 comprehensive national and international policies. Using a large amount of social-

53 ecological data available, we assessed the health of the Baltic Sea for nine goals that 

54 represent the status towards set targets, e.g. clean waters, biodiversity, food provision, 

55 natural products extraction, and tourism.  

56 3. Our results indicate that the overall health of the Baltic Sea is suboptimal (a score of 76 

57 out of 100), and a substantial effort is required to reach the management objectives and 

58 associated targets. Sub-regionally, the lowest BHI scores were measured for carbon 

59 storage, contaminants and lasting special places (i.e., marine protected areas), albeit with 

60 large spatial variation. 

61 4. Overall, the likely future status of all goals in the BHI averaged for the entire Baltic Sea 

62 is better than the present status, indicating a positive trend towards a healthier Baltic Sea. 

63 However, in some Baltic Sea basins, the trend for specific goals was decreasing, 

64 highlighting locations and issues that should be the focus of management priorities. 

65 5. The BHI outcomes can be used to identify both pan-Baltic and sub-regional scale 

66 management priorities and to illustrate the interconnectedness between goals linked by 

67 cumulative pressures. Hence, the information provided by the BHI tool and its further 

68 development will contribute towards the fulfilment of the UN Agenda 2030 and its the 

69 Sustainable Development Goals.

70
71
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72

73

74

75

76 1 INTRODUCTION

77

78 The health of the oceans and especially of their coastal areas is inextricably linked to human 

79 well-being and societal development, as marine ecosystems generate a large share of services 

80 needed and used by humans (Franke et al., 2020; Neumann, Ott, & Kenchington, 2017). 

81 Unfortunately, human activities often have negative impacts on marine resources  (Halpern, 

82 Frazier, et al., 2015) and utilization of ecosystem services (or benefits, Díaz et al., 2015) has 

83 caused rapid changes in coastal seas worldwide (Cloern et al., 2016; Duarte et al., 2020; 

84 Jouffray, Blasiak, Norström, Österblom, & Nyström, 2020). Improving the health of coastal and 

85 open sea marine ecosystems, i.e., sustainably delivering a range of benefits to people now and in 

86 the future (Halpern et al., 2012), hence represents a substantial challenge for marine resource 

87 management since it requires balancing human benefits and impacts on the ocean. This challenge 

88 is exacerbated by often limited capabilities to enact and enforce effective governance due to 

89 limited knowledge about the cumulative effects caused by the multiple pressures marine 

90 ecosystems presently face. Reaching sustainability goals through ecosystem-based management 

91 (EBM) of the oceans thus requires an understanding of interactions between nature, society, and 

92 the economy (Crowder & Norse, 2008; Long, Charles, & Stephenson, 2015; Merkel, 1998). This 

93 is especially relevant following commitment of the global community to the 2030 Agenda for 

94 Sustainable Development, where in particular the Sustainable Development Goal (SDG) 14 (Life 

95 below water) seeks a balance between environmental, economic and social sustainability in 

96 relation to oceans and coastal development (UN, 2015). Besides that, many other SDGs, such as 
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97 SDG 3 (Good health and well-being), 8 (Decent work and economic growth), 9 (Industry, 

98 innovation and infrastructure), 11 (Sustainable cities and communities), 12 (Responsible 

99 consumption and production), 13 (Climate Action) and 17 (Partnerships for the goals) are 

100 relevant for developing the sustainable use and management of the Baltic Sea. Consequently, 

101 there is an urgent need for adequate metrics and tools that quantitatively and comprehensively 

102 measure ocean and coastal ecosystem health for better monitoring of progress towards 

103 predefined management targets.   

104

105 The Ocean Health Index (OHI) is a well-tested and widely applied approach to capture the 

106 human benefits and the interdependence between humans and nature (Halpern et al., 2012). It 

107 defines a healthy ocean as sustainably delivering a range of benefits to people now and in the 

108 future (Halpern et al., 2012). The OHI scores quantitatively a suite of socio-ecological benefits 

109 and ecosystem services (called goals in OHI) the ocean provides to humans (e.g., food provision, 

110 natural products extraction, and tourism and recreation) including conservation objectives (e.g., 

111 clean waters and biodiversity). These scores are calculated by measuring the status relative to 

112 their defined targets as well as the pressures and resilience measures that most influence that 

113 aspect of ocean health (Halpern et al., 2012). Globally, the OHI framework has been used to 

114 annually assess 220 coastal nations and territories from 2012-2020 (Halpern et al., 2012, 2015, 

115 2017). OHI assessments use open data science tools and best practices to ensure that methods are 

116 transparent, collaborative, and repeatable. As each assessment can build directly on previous 

117 work rather than starting from scratch (Lowndes et al., 2017), it makes a valuable integrated 

118 evaluation tool that can inform EBM (Longo et al., 2017) and tracks the progress to reach the 

119 SDG targets (Halpern et al., 2017). Furthermore, the OHI is a scalable approach which can be 

120 modified to match regionally- or locally-relevant questions and management targets that are 

121 framed by area-specific conservation objectives and data availability. Consequently, OHI 

122 assessments have been tailored to smaller areas at finer spatial scales in almost 20 places, from 

123 countries to smaller regions within countries (Lowndes et al., 2015). 

124

125 We here present a first assessment of Baltic Sea health using the OHI approach. The semi-

126 enclosed Baltic Sea is a classic example of a brackish ecosystem impacted by multiple 

127 anthropogenic pressures comprising eutrophication, elevated levels of hazardous substances, 
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128 introduction of non-native species and habitat degradation as well as unsustainable fishing 

129 pressure (Elmgren, Blenckner, & Andersson, 2015; Reusch et al., 2018; Rickels, Weigand, 

130 Grasse, Schmidt, & Voss, 2019). The Baltic Sea is also one of the fastest warming large marine 

131 ecosystems on the globe (Rutgersson, Jaagus, Schenk, & Stendel, 2014). Cumulative effects of 

132 these multiple pressures have impaired the resilience of the Baltic Sea ecosystem (Korpinen, 

133 Meski, Andersen, & Laamanen, 2012) and substantially changed ecosystem structure and 

134 function (Casini et al., 2008; Lindegren, Blenckner, & Stenseth, 2012; Möllmann, 2019; 

135 Möllmann et al., 2009). 

136

137 Nine countries border the Baltic Sea and its catchment area has a total population of ~90 million 

138 people  (Elmgren et al., 2015). The countries surrounding the Baltic Sea have varying policy 

139 priorities, financial resources, industrial structures and socio-economic development levels 

140 (Purju & Branten, 2013) making joint environmental management challenging (Varjopuro et al., 

141 2014). However, several efforts have been made to evaluate parts (e.g. biodiversity, fish) as well 

142 as the holistic state of the Baltic Sea environment (e.g. Andersen et al., 2017; Heiskanen, 

143 Bonsdorff, & Joas, 2019; HELCOM, 2010, 2018; ICES, 2013; Ojaveer & Eero, 2011; 

144 Söderqvist, Eggert, Olsson, & Soutukorva, 2005). The most prominent examples are the two 

145 holistic environment assessments by HELCOM (Helsinki Convention, HELCOM, 2010, 2018). 

146 However, while these assessments are strong in evaluating the impacts of human activities on the 

147 ecosystem, they have not been designed to include the benefits provided to humans. This lack of 

148 a human dimension may demotivate decision-makers to allocate sufficient resources for 

149 remediation or restoration of the Baltic Sea, despite the increasingly strong scientific evidence of 

150 the anthropogenic degradation of its status. Public policy needs to serve multiple goals and 

151 interests (e.g., species conservation, food production, aesthetic values, recreation, economic 

152 growth) and to objectively consider costs and benefits for restoration. Hence, additional to 

153 ecological state, an assessment of ecosystem health through the human lens of meeting societal 

154 goals and delivering desired benefits and ecosystem services is needed (Halpern et al., 2014).

155

156 We introduce the Baltic Health Index (BHI) that tailors the OHI approach to the unique needs of 

157 environmental management of the Baltic Sea. Our BHI assessment presents the first 

158 transboundary application of the OHI framework in a region governed by a multitude of 
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159 comprehensive national and international policies, and which can thus serve as an example for 

160 areas with similar policy landscapes in Europe and beyond. The BHI complements existing, 

161 more ecological-oriented assessments (e.g. HELCOM, 2018) by providing a human dimension 

162 on the status of the Baltic Sea. Using the best available local data, we assessed the health of the 

163 Baltic Sea and its spatial variation. Here, we discuss our process and the implications of the 

164 results for local (e.g., bays and basins) and regional (e.g., Baltic Sea) management as well as 

165 future research. 

166 2 MATERIALS AND METHODS

167 We developed the Baltic Health Index (BHI) following the standard methodology of the Ocean 

168 Health Index (OHI) (Halpern et al., 2012, 2015, 2017), and tailored this assessment approach to 

169 best represent the social-ecological system of the Baltic Sea. In the process of developing the 

170 BHI, we followed four best practices (Lowndes et al., 2015):

171 1. incorporation of key characteristics and priorities of the study area into the OHI 

172 framework design before gathering necessary information; 

173 2. a priori definition of spatial boundaries to achieve a balance between availability of data 

174 and operational management areas; 

175 3. development of the goal models to provide a fuller picture concerning key characteristics 

176 and priorities outlined in 1); and 

177 4. documenting and sharing data, methods and tools openly throughout the assessment 

178 process (GitHub, 2016; RStudio Team, 2016). 

179

180 Overall, we developed the BHI based on openly accessible data, and conducted data preparation, 

181 combination and modelling in a transparent and repeatable way (Lowndes et al., 2017). Full 

182 details on the BHI calculation can be found at https://github.com/OHI-Science/bhi, while data 

183 and code are available at https://github.com/OHI-Science/bhi-prep. 

184   

185

186 2.1 Expert and stakeholder process

187 We designed an expert elicitation process involving a diversity of scientists and environmental 

188 managers to allow for an objective, transparent and well-informed BHI development and 
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189 assessment. In this process, we engaged scientists and representatives from non-governmental 

190 organizations as well as from management authorities from the entire Baltic region in four BHI 

191 workshops. However, for small-scale fisheries and tourist sectors were not included here as no 

192 representative was found. The goal of the process was better alignment of the global OHI-

193 assessment framework to existing management targets for the Baltic Sea. At the first workshop 

194 (in 2014) potential BHI goals and data availability for these as well as pressure and resilience 

195 were discussed. In the second workshop (in 2015) the final BHI structure and data sources to be 

196 used were agreed upon. Subsequently, the BHI core team gathered the data in a continuous 

197 dialogue with “goalkeepers” (see below for more information) to assure the quality and proper 

198 interpretation. Preliminary BHI calculations were discussed in the third workshop (in 2016) and 

199 critically evaluated. Some goals were subsequently recalculated, and the revised results were 

200 presented for collective agreement and support from experts.

201

202 At the beginning of the process we assigned a “goalkeeper” to each BHI goal (see below), i.e. an 

203 expert in a particular field/subject, to ensure the scientific quality of each goal in the assessment. 

204 Goalkeepers supervised the whole BHI process, especially decisions on data use and treatment 

205 for goal calculations, as well as decisions on management targets. We repeated the expert 

206 elicitation process several times, both using remote communication tools and expert meetings, 

207 assuring consistent implementation of newly available information and data. During the three 

208 expert workshops, every goalkeeper was also part of all other goal discussions, which opened up 

209 some general discussions, such as “do we use a similar approach for setting management targets 

210 across goals”. The entire expert and stakeholder process strongly facilitated a close cooperation 

211 between goalkeepers and the BHI team and helped in integrating diverse knowledge and data in 

212 one comprehensive assessment product. 

213 2.2 Assessment regions

214 We divided the Baltic Sea into spatial units that account for the large heterogeneity in climate, 

215 hydrography and biodiversity as well as geographical and social gradients. We initially used the 

216 seventeen Baltic Sea sub-basins (in line with the second holistic assessment of HELCOM (2018) 

217 and subsequently intersected these with the boundaries of the nine nations bordering the Baltic 

218 Sea (territorial waters and exclusive economic zones, EEZ) using the geographic information 
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219 system ArcGIS (ESRI, 2016). For the resulting 42 BHI regions (see Fig 1 in SI) goal scores were 

220 computed and then aggregated into (i) region-specific scores and (ii) scores for the entire Baltic 

221 Sea as a whole (using area-weighted averaging). For some of the goals, only one value existed 

222 for the whole Baltic Sea, e.g. for the sprat biomass (NP), and in these cases, all smaller BHI units 

223 were assigned the same score value. 

224

225 2.3 Baltic Health Index goals 

226 The BHI assesses 9 of the 10 goals initially outlined in the OHI (Halpern et al., 2012, ohi-

227 science.org/ohi-global). We excluded the coastal protection goal, since coastal erosion is a 

228 minor issue in large parts of the Baltic Sea due to the shallowness of the coasts and sheltering 

229 archipelagos. However, due to future climate change and potential sea level rise, this goal will 

230 likely need to be included in future assessments. The definition of the goals and their reference 

231 points are tailored to best address critical management and policy objectives for the Baltic Sea 

232 (see Table 1, and for all goal-specific models and more detailed information see Supplementary 

233 Information, SI). 

234

235 Table 1: Goal description, its definition, and reference points used. 
236

GOAL GOAL/SUB-
GOAL

DEFINITION REFERENCE POINT

Artisanal 
Fishing 
Opportunit
y (AO)

Opportunity to 
engage in coastal 
non-recreational 
fishing. 

Good Environmental 
Status (GES) for 
coastal fish 
indicators.

Biodiversi
ty (BD)

Existence value of 
biodiversity 
measured
through the 
conservation 
status of marine 
species.

Good Environmental 
Status (GES) for 
biodiversity 
components.

Carbon 
Storage 
(CS)

Conservation 
status of natural 
habitats providing
long-lasting 
carbon storage.

Presence of 
seagrass. Exceptions 
for certain regions 
where no seagrass 
growth is possible 
(see SI).
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Clean 
Water 
(CW)/ 
Contaminan
ts

Captures the 
degree to which 
marine areas are 
unpolluted by 
contaminants.

Polychlorinated 
biphenyls (PCB), 
dioxins and PFOS) 
below thresholds; 
and all persistent, 
bioaccumulative and 
toxic SVHC 
substances 
monitored.

CW/ 
Eutrophica
tion

Captures the 
degree to which 
marine areas are 
unpolluted by 
nutrients.

Winter nutrients, 
summer chlorophyll a 
and Secchi and 
oxygen debt reach 
GES targets.

CW/ Trash Captures the 
degree to which 
marine areas are 
unpolluted by 
trash.

Maximum amount of 
trash in 2010.

Food 
Provision 
(FP) 
/Fisheries

Harvest of 
sustainably caught 
wild seafood. 

Species biomass at 
max. sustainable 
yield (MSY) and 
species fishing 
mortality at (FMSY).

FP/
Maricultur
e

Production of 
sustainable 
cultured seafood.

Maximum nutrient discharge 
for phosphorus (P) and 
nitrogen (N) below 
recommended level.

Livelihood
s & 
Economies/ 
Economies

Revenues from 
marine-related 
sectors.

A 1.5% annual growth 
between 2010 and 
2020.

LE/
Livelihood
s

Livelihood for 
people living on 
the coast, 
encompassing all 
the marine sectors 
that supply jobs. 

Maximum region-to-
country employment 
ratio of the past 
five years, and 
highest country 
employment rate in 
the last fifteen 
years. 

Natural 
Products 
(NP)

Sustainable 
harvest of natural 
products used for 
reasons other than 
food provision.

Sprat biomass at MSY 
yield (BMSY) and 
sprat FMSY.
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Sense of 
Place 
(SP)/ 
Iconic 
Species

Cultural, 
spiritual, or 
aesthetic 
connection to the 
sea afforded by 
iconic species.

All assessed species 
conservation status 
classified as of 
least concern.

SP/ 
Lasting 
Special 
Places 

Geographic 
locations that 
hold particular 
value for 
aesthetic, 
spiritual, 
cultural, 
recreational or 
existence reasons, 
and how well they 
are protected.

10% of sea area 
protected with a 
fully implemented 
management plan.

 

Tourism 
(TR)

Opportunity to 
enjoy coastal 
areas for 
recreation and 
tourism.

An annual growth of 
2.2% for ten years 
from 2010 onwards 
for all three 
tourism categories. 

237  
238

239 Each goal score is calculated along four dimensions (Fig. 1):

240 1) Present status  is a goal’s current value compared to its reference point, i.e., the 𝒙

241 management target. 

242 2) Trend  is the average percentage change of a goal’s status over the most recent five 𝑻

243 years.

244 3) Pressures  are presented by the weighted sum (based on relative effects of different 

245 pressures on the given goal) of the ecological and social pressures that negatively affect 

246 the status of the goal. 

247 4) Resilience  includes three types of measures (Halpern et al., 2012): ecological 𝒓

248 integrity (i.e. the status of the biodiversity goal), goal-specific regulations aimed at 

249 addressing ecological pressures and social integrity (such as political instability and 

250 corruption, obtained from the World Governance Indicator) that increase status by 

251 reducing or eliminating pressures. 

252
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253 Each of these dimensions incorporates both ecological and social data as the focus of the 

254 assessment is on the human benefits derived from the ecosystem.

255

256 The overall goal scores are calculated as the average of present (x) and likely future status. 

257 Likely future status is calculated as current status modified by the recent trend (T), cumulative 

258 pressures, and resilience (r) associated with the goal. Each goal status and trend are calculated 

259 individually by goal and region (see Fig. 1 and Halpern et al., 2012, 2015 for more details). 

260 Below we describe in detail the development and assessment of the various goals within the BHI 

261 (see also Table 1). The maximum score for each goal and the entire BHI is 100, where 100 does 

262 not represent pristine conditions, but instead only if the reference points (shown in Table 1) are 

263 achieved. The flowerplots in Fig. 2 were produced using the circlize tool (Gu, Gu, Eils, 

264 Schlesner, & Brors, 2014)

265

266

267
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268 Fig. 1: Illustration of how the BHI score is calculated based on the Ocean Health Index 
269 framework. Note that the status will rise relative to current trend trajectory if resilience exceeds 
270 pressures, though this could still mean a decline in status (if the trend is strongly negative); and 
271 similar (but opposite) for when pressures exceed resilience, i.e. status will fall relative to trend 
272 trajectory.
273

274 2.3.1 Artisanal fishing opportunity (AO) 

275 The AO goal assesses the opportunities to engage with coastal non-recreational fishing. For the 

276 BHI, we focused on coastal fish stocks as a proxy for fishing opportunities and used abundance 

277 data for coastal piscivores, cyprinids and other mesopredator (i.e. mid-trophic level fish) species 

278 (see HELCOM, 2018). The AO model assesses the health of these fish stocks, represented by the 

279 mean of two HELCOM Core Indicators for stock abundance (HELCOM, 2018) and we used the 

280 good environmental status (HELCOM, 2018) as the reference point for the AO goal.

281

282 2.3.2 Biodiversity (BD)

283 Contrary to the global OHI, we did not separate the BD goal into species and habitats but instead 

284 combined both together. We used the already available assessment results from HELCOM 

285 (2018), which consist of five components: benthic and pelagic habitats, fish, mammals and 

286 seabirds and has been evaluated using the biological quality ratios and seabird abundance, 

287 derived in the integrated biodiversity assessments from HELCOM (the HELCOM assessment 

288 tool: https://github.com/NIVA-Denmark/BalticBOOST).

289

290 These are based on core indicators for key species and species groups, including abundance, 

291 distribution, productivity, physiological and demographic characteristics. Statuses of these five 

292 biodiversity components are aggregated first within each component, combining coastal area 

293 values with area-weighted averages, then combining the values for coastal and offshore areas of 

294 each BHI region with equal weight. A single biodiversity status score per region is calculated as 

295 geometric mean of the five components (see SI). As reference point, we used for the seabirds, the 

296 core indicator threshold of 0.75 abundance (good environmental status decided by HELCOM). 

297 For the other four components (benthic habitats, pelagic habitats, fish, and mammals), a 

298 biological quality ratio (BQR) of 0.6 was developed by HELCOM with the aim to represent good 

299 status and was used as here as the target.
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300

301 2.3.3 Carbon storage (CS)

302 The CS goal assesses the potential of coastal vegetation to capture and store carbon and uses data 

303 on spatial coverage of eelgrass (Zostera marina) from the HELCOM HOLAS assessment 

304 (HELCOM, 2010). Carbon stocks in coastal sediments and ecosystems are substantial compared 

305 to the open-ocean (Regnier et al., 2013), but often data are very limited (Testa, Kemp, Harris, 

306 Woodland, & Boynton, 2017). As reference point we used the spatial extent of the presence of 

307 eelgrass before and after 1995, with the exception of low-saline areas such as the the Gulf of 

308 Bothnia where eelgrass does not naturally occur (Kindeberg, Röhr, Moksnes, Boström, & 

309 Holmer, 2019; Röhr, Boström, Canal-Vergés, & Holmer, 2016). We are aware that the 

310 confidence of this goal might be low as many other coastal vegetation could not be included, but 

311 we wanted to include the goal as the potential to capture carbon is an important ecosystem 

312 service.   

313

314 2.3.4 Clean water (CW)

315 In contrast to the global OHI (Halpern et al., 2015), we assessed the CW goal based on three sub-

316 goals – Eutrophication, Contaminants and Trash – each having a unique set of pressures and 

317 resilience. The CW goal scores highest when the pollution level is low, i.e. targets of the Baltic 

318 Sea Action Plan or Marine Strategy Framework Directive (MSFD) are met. The eutrophication 

319 sub-goal combines five eutrophication indicators: concentrations of dissolved inorganic nitrogen 

320 (DIN) and dissolved inorganic phosphorus (DIP) during winter, chlorophyll a concentration and 

321 Secchi depth during summer, and oxygen debt. The first four indicators and their reference 

322 points are taken from HELCOM (HELCOM, 2013) (Baltic Sea Environmental Proceedings No 

323 143; HELCOM 2013a). The oxygen debt and its reference has been obtained from 

324 https://github.com/ices-tools-prod/HEAT (HELCOM, 2018a).

325

326 The contaminant sub-goal captures the degree to which waters are unpolluted by contaminants. 

327 As contaminant indicators, we used concentrations of dioxin and dioxin-like compounds, 

328 polychlorinated biphenyls (sum of the six indicator PCBs #28, #52, #101, #138, #153 and #180), 

329 and perfluorooctanesulfonic acid (PFOS) in fish. These indicators were selected because the 

330 substances are hazardous (i.e. they are persistent, bioaccumulative and toxic) and pose a risk to 
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331 organisms living in the Baltic Sea and to humans, and there is monitoring data available. As 

332 reference levels, we used targets agreed on internationally (see SI). In addition to the three 

333 contaminant indicators, we calculated the monitored proportion of persistent, bioaccumulative 

334 and toxic Substances of Very High Concern (SVHC) on the Candidate List (Annex XV) of the 

335 EU chemical regulation REACH (also part of the BHI Resilience assessment, see below). 

336

337 The reference point is having all contamination levels of the three pollutants/pollutant groups fall 

338 below their respective thresholds, and all persistent, bioaccumulative and toxic SVHC 

339 monitored.

340

341 The trash sub-goal assesses the ability to prevent litter from entering the sea and harming the 

342 coastal and marine environment. Marine litter is a global concern, impacting all marine 

343 environments. For the Baltic Sea, no comparable long-term trash datasets exist. We, therefore, 

344 used model data on the countries' amount of mismanaged plastic litter that has the potential to 

345 enter the ocean (Jambeck et al., 2015, see SI). The modelled data have been downweighted for 

346 Russia, Germany, Denmark and Sweden (by the proportion of the coastal population in relation 

347 to national population) to better account for the litter that actually reaches the Baltic Sea. 

348 Currently, there is no official quantitative reference point set. Therefore, we set a spatial 

349 reference point to make them comparable across BHI regions, where the upper reference point is 

350 the maximum amount in 2010 of litter among all Baltic Sea countries, and the lower reference 

351 point is zero litter in the Baltic Sea. This sub-goal does not capture microplastic, as no coherent 

352 data sets are yet available, although microplastic is known to cause harm to the environment 

353 (Galloway, Cole, & Lewis, 2017; Graca, Szewc, Zakrzewska, Dołęga, & Szczerbowska-

354 Boruchowska, 2017; Koelmans et al., 2017).

355

356 2.3.5 Food provision (FP)

357 The FP goal typically assesses two sub-goals addressing wild-caught fisheries and mariculture. 

358 In the Baltic Sea, mariculture is dominated by the production of rainbow trout (Oncorhynchus 

359 mykiss) in Finland, Denmark, Sweden, and Germany (Flores Carmenate, 2016). Overall, the 

360 yield and economic value of mariculture are small, representing approximately 0.5 % of the total 

361 fisheries economic value (EC, 2013). For the BHI, we were not able to find enough current data 
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362 particularly regarding sustainability and nutrient use for defining the reference point of the 

363 mariculture and have, therefore, not assessed this subgoal. 

364 For the sub-goal wild-caught fisheries, we included spawning stock biomass and fishing 

365 mortality data for both the western and eastern Baltic cod (Gadus morhua) and the Baltic herring 

366 (Clupea harengus membras) stocks (ICES, 2020) as these are the most important commercial 

367 open sea fisheries for human consumption in the Baltic Sea. In assessment of the goal, we used 

368 reference points for biomass and fishing mortality corresponding to the maximum sustainable 

369 yield approach (MSY, see Table 1, Halpern et al., 2014) and applied in the stock assessments of 

370 the International Council for the Exploration of the Sea (ICES), which inform fisheries 

371 management within the reformed Common Fisheries Policy (CFP) of the European Union 

372 (https://ec.europa.eu/fisheries/cfp_en). MSY represents the highest theoretical equilibrium yield 

373 that can be continuously taken from a stock under existing average environmental conditions 

374 without significantly affecting the reproduction process. However, this approach did not account 

375 for the drastic reduction in growth and body condition for the Eastern Baltic cod stock over the 

376 past two decades (Casini et al., 2016). To account for this reduced body size, we penalized the 

377 Eastern Baltic cod score using Fulton’s K condition index, a proxy for the cod condition (Casini 

378 et al., 2016, see also SI). 

379

380 2.3.6 Livelihoods and economies (LE)

381 The LE goal contains the two sub-goals: livelihoods and economies. While the sub-goal 

382 livelihoods aims to assess employment in maritime sectors, data on employment in specific 

383 marine-related sectors in the Baltic Sea coastal areas was not available at a regional level. Hence, 

384 we used the finest-available regional data (Eurostat NUTS2 regions) on employment rates for the 

385 age group 15-64 (Eurostat, see SI), assuming these to reflect a similar employment situation in 

386 the marine sectors. As a reference level we used maximum region-to-country employment ratios 

387 of the past five years, and highest country employment rate in the last fifteen years. The region-

388 to-country ratio puts the value into local context, then adjusting with respect to highest country 

389 employment rate in the last fifteen years from around the Baltic Sea situates the ratio in broader 

390 geographic context.

391
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392 We computed the economies sub-goal using sector-specific values (gross value added) associated 

393 with maritime-related industries and a 1.5% annual growth rate as the reference level (EC, 

394 2013b). 

395

396 2.3.7 Natural products (NP)

397 The assessment of the NP goal was restricted to the small pelagic fish sprat (Sprattus sprattus) 

398 which is mainly used for fish meal production or animal food (see SI). The goal was assessed 

399 using spawning stock biomass and fishing mortality data as well as related MSY reference points 

400 from ICES (2020). No data for other natural products were readily available at the time of the 

401 assessment. 

402

403 2.3.8 Sense of place (SP)

404 The SP goal contains two sub-goals: iconic species and lasting special places, respectively. We 

405 derived a list of 15 iconic species: cod, flounder, herring, sprat, perch, pike, salmon, trout, white-

406 tailed sea eagle, common eider, grey seal, harbour seal, ringed seal, harbour porpoise and 

407 European otter, from a survey sent to 89 experts (36 responses) from Baltic Sea countries. These 

408 species were then assigned a threat category (ranging from “extinct” to “least concern”) based on 

409 International Union for Conservation of Nature assessments (IUCN, 2015), and assigned a 

410 numeric weight based on that category. We calculated the goal score as the average weight of all 

411 species assessed (see biodiversity goal for more information) with a reference level at which all 

412 species are in the “least concern” category. 

413

414 For the sub-goal lasting special places, the designation and management of marine protected 

415 areas (MPAs) captures the commitment of a country to preserving areas of biological, aesthetic 

416 or ecosystem service value. We computed the score based on HELCOM MPA data 

417 (http://mpas.helcom.fi/apex/f?p=103:17), which include all MPAs the countries have reported to 

418 HELCOM. This gave a conservative estimate of the area under protection, since some national 

419 MPAs are not reported to HELCOM, but facilitated a consequent description of the level of 

420 protection across all countries in the region. The area of MPAs was related to the total sea area in 

421 the BHI region. We used the internationally agreed goal of protecting 10 % of sea area as a 

422 reference point. To account for that MPAs only provide adequate protection if they are properly 
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423 managed, we multiplied the area of each MPA by a factor depending on implementation status 

424 (0.1 = MPAs without an adopted plan, 0.4 = partly managed MPAs, 1.0 = MPAs with full 

425 management) before calculating the percent area protected. Thus, the score can only reach 100 if 

426 management plans have been fully implemented.

427

428 2.3.9 Tourism (TR) 

429 In the BHI, we used data on coastal accommodations (nights stayed in tourist accommodation 

430 establishments, in coastal regions) and coastal tourism revenue (gross value added) from the EU 

431 Study on Blue Growth (see SI). Economic activities categorized under either Accommodation or 

432 Transport in the Coastal Tourism sector were included. No sustainability measure of coastal 

433 tourism on the Baltic Sea scale was found, and thus this dimension was not included. The 

434 tourism model also incorporates the nights of stay in accommodations in coastal regions, which 

435 used Eurostat dataset on nights spent at tourist accommodation establishments by coastal and 

436 non-coastal area 

437 (http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=tour_occ_nin2c&lang=en).

438 The status is the ratio of coastal tourism revenue relative to the coastal accommodations per area, 

439 scaled by the reference point. As the reference point, we used the highest ratio across all 

440 countries in a ten-year timeframe (see SI). Sustainability of the TR goal could not be assessed 

441 because reference points for sustainable tourism do not presently exist. Furthermore, no Baltic-

442 wide recreational data were available. Hence, we refer to this goal as tourism only, as compared 

443 to tourism and recreation in the global OHI (Halpern et al., 2012).

444

445 2.4 Likely future state

446 Our strong focus on sustainability in the index calculation requires that both the current status 

447 and the likely direction of change in this status influence the score of each goal. We explicitly 

448 focus on the near-term future (future trends are calculated over five years) rather than longer-

449 term sustainability because the near-term future is most relevant to policymakers and long-term 

450 future states of many of the sub-goals are very difficult to project. To improve our understanding 

451 of the likely near-term future condition, resilience and pressure dimensions are included to 

452 provide additional information beyond the recent trend. The OHI approach identifies those 

453 factors that negatively affect a goal as pressures and those that positively affect a goal as 
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454 resilience (see Methods). The expectation of a likely future condition suggested by the trend will 

455 become more or less optimistic depending on the effects of pressures and resilience (Fig. 1). 

456 Note that the likely future status does not predict the future, but only estimates what the status 

457 score is likely to be in approximately 5 years hence, given what is known today about recent 

458 trends and the counterbalance of pressure versus resilience metrics.

459

460 2.4.1 Pressures

461 We used readily available data at consistent spatial scales for the following pressure categories: 

462 (1) proxies for nutrient loading and pollution (total nitrogen and phosphorus load from land, 

463 atmospheric load of polychlorinated biphenyls (PCB 153), inverse Secchi depth as a proxy for 

464 algal blooms, and trash), (2) proxies for habitat destruction (anoxic area, oil spills, bottom 

465 trawling), (3) climate (surface water salinity and sea surface temperature), (4) non-indigenous 

466 species (number of non-indigenous and cryptogenic species), and (5) social pressures (indicators 

467 from the World Governance Index). For each goal and sub-goal, we relied on expert knowledge 

468 to determine the relevant pressures and rank them as ‘high’ (score = 3), ‘medium’ (score = 2) or 

469 ‘low’ (score = 1) (see SI Table 3 for pressure rankings for all goals). Subsequently, we summed 

470 the weighted intensities of each stressor within a pressure category and divided the value by the 

471 maximum weighted intensity that could be achieved by the worst stressor across all categories 

472 (Halpern et al., 2012). 

473

474 2.4.2 Resilience

475 In both the OHI and BHI, resilience contains three components: ecological integrity, goal-

476 specific regulations, and social integrity. The ecological integrity is measured as biodiversity 

477 (same as in the BD goal). Social integrity is measured by using the World Governance Index, 

478 same as in the global OHI assessment (Halpern et al., 2012). In comparison to the global OHI, 

479 we greatly advanced the goal-specific regulation component in the BHI, by performing a 

480 country-specific compliance analysis. We assessed the degree of implementation of 13 European 

481 Union (EU) and two international laws (see SI, Table 4) having implications for environmental 

482 management and protection in the Baltic Sea area. 

483
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484 An institutional resilience assessment that accounts for the degree of implementation of 

485 important legislation, such as the EU Marine Strategy Framework Directive (MSFD) (EC, 2008), 

486 is essential as it evaluates the extent to which (cumulative) pressures to the Baltic Sea can be 

487 reduced. Our analysis of each of the 15 sources of legislation included several succeeding steps 

488 (see more details in the SI). First, we mapped the legal frameworks and all the direct and clear 

489 compliance obligations established by the legislator. For instance, when the law says the Member 

490 States shall report... the legislator choice of word (shall) clearly gives an order (an obligation). 

491 Another clear common obligation is the timeframe established in the law, which Member States 

492 and Commission have to obey, e.g. specific dates, or use of the terms yearly/annually etc. Once 

493 this mapping phase was concluded, the next step was to search and find reports of compliance to 

494 each law for each country analyzed. The information contained in the reports was used for the 

495 compliance assessment and scoring. We developed a scoring system with four categories: full, 

496 partial, fail and not applicable (for a detailed approach see the SI). A full score was only 

497 awarded when a given country fully implemented and thus complied with the law. Partial scores 

498 can range from 1% to 99% compliance with the legal text. A fail score was given when the 

499 country had an obligation to report, but it did not obey, when it did not follow the legal 

500 instructions respecting thresholds or minimum legal standards, or when it failed to take action 

501 when it was required to. The not applicable score represents either a lack of information in the 

502 report regarding a specific obligation or indicates that compliance was not assessed at all, such as 

503 in the case of Russia where EU legislation does not apply. We decided to weight the different 

504 directives according to their specific assessment quality and ability to assess compliance (see 

505 Table 5 in SI).

506

507 3 Results and Discussion

508 3.1 BHI goal scores and its regional variability

509 Overall, the regional BHI scored 76 out of a possible maximum of 100 (Fig. 2) indicating that 

510 the health of the Baltic Sea is suboptimal, and that substantial efforts are required to reach the 

511 management objectives and associated targets. Sub-regionally, the lowest BHI scores were 

512 observed for the Gdansk Bay (55), Kiel Bay (65), The Sound (66) and Bornholm Basin (69). The 

513 four basins scored low mainly due to low scores of contaminants (7, 6, 15 and 29, respectively), 
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514 and mostly low scores for carbon storage (9, 45, 96, and 15, respectively) and lasting special 

515 places (10, 93, 39, and 10 respectively). 

516

517 Highest sub-regional BHI scores, indicating better ocean health, were obtained for the Western 

518 Gotland Basin (84), Northern Baltic Proper (82), Bothnian Bay (80) and Kattegat (80). These 

519 regions score highest compared to other regions due to their higher scores in contaminants (61 

520 and 67 for Western Gotland Basin and Kattegat, respectively), lasting special places (78, 65, 36, 

521 and 92, respectively), and artisanal fishing opportunities (78, 99, 100, and 100, respectively).   

522

523
524
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525 Fig. 2. Spatial patterns in BHI scores. The large flowerplot indicates overall BHI score (index, 
526 center number), with petal lengths indicating relative values (0-100) for each goal and sub-goal. 
527 The lengths of the bars transecting each goal and sub-goal petal represent the spatial variability 
528 of the score values of the particular goal or sub-goal.  Small flowerplots indicate basin-specific 
529 score (center number) and goal values (petal lengths) of the major basins. Colours correspond to 
530 goals and sub-goals, and the goal petals on small plots correspond with goals indicated on the 
531 large flower plot. The width of each petal represents the contribution to the Index score. The 
532 results for the smaller basins can be found at Table 2 in SI and at: https://baltic-
533 ohi.shinyapps.io/dashboard. 
534

535

536

537 3.1.1 Carbon storage 

538 A major result of our BHI assessment is a very low score for carbon storage (average 

539 20, lowest 6, highest 44). With a few exceptions (e.g., The Sound, score = 96), in most sub-

540 regions of the Baltic Sea, the carbon storage potential is assessed to be very or extremely low. 

541 These results are mainly due to the use of eelgrass, a marine seagrass with high carbon 

542 sequestration capacity (Boström et al., 2014; Kindeberg et al., 2019; Röhr et al., 2016, 2018), as 

543 the indicator species in this goal. Thus, for the low saline (<5) basins (Bothnian Sea, Gulf of 

544 Bothnia, eastern Gulf of Finland) beyond the main geographical distribution limits of eelgrass, 

545 our assessment indicates no carbon storage potential. However, other primary producers for 

546 which we lack carbon sequestration data, such as reed (Phragmites australis), pondweeds 

547 (Stuckenia pectinata and Potamogeton spp.) and other submerged brackish water habitats 

548 dominating in bays and lagoons and covering vast areas may be important for carbon burial in 

549 low saline, sheltered areas. A high potential for carbon sequestering has been shown also for the 

550 canopy-forming seaweed Fucus vesiculosus, but we lack data on transport rates and burial areas 

551 (Attard et al., 2019; Krause-Jensen et al., 2018). Our assessment of the carbon storage goal is 

552 hence likely an underestimation of the actual carbon storage potential which may have 

553 artificially decreased the overall BHI score in many sub-areas. Better data on distribution (depth 

554 limits and areal extent) and function (sequestration rates, transport and burial processes) of 

555 submerged macrophytes are required to accurately assess this goal in the future.

556

557 3.1.2 Socio-economic goals
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558 The coastal livelihoods & economies (average 96, lowest 85, highest 96) generally scored high 

559 with little sub-regional variability indicating the general economic prosperity of the countries 

560 bordering the Baltic Sea. Unfortunately, no data could be obtained from Russia for these 

561 important goals. The high score for the livelihoods sub-goal (average 98, lowest 97, highest 99) 

562 reflects high employment rates in marine sectors in many countries. Similarly, the high score for 

563 the economies sub-goal (average 93, lowest 91, highest 93) is indicating the thriving of 

564 coastal/marine economies and by that indirectly benefit people at the coast. It is important to 

565 note, that the sub-goal economies describes one part of the human dimension of the BHI and 

566 therefore combines data from several marine sectors, where some are independent on the state of 

567 the environment (e.g., shipping) and some are dependent on the environment (e.g., tourism, 

568 fisheries). The economies are clearly of high value to many people, even those who do not 

569 directly participate in the industries but value community identity, tax revenue, and indirect 

570 economic and social impacts of a stable coastal economy.

571

572 The tourism goal, based on coastal accommodation, scored not so high as the livelihoods & 

573 economies goal (average 76, lowest 19, highest 99), and showed a large spatial variability. High 

574 scores a found for Sweden (99) and Finland (90), while low scores are calculated for Lithuania 

575 (19) and Poland (28), though Poland is catching up in the tourism sector – its economic growth 

576 rate in the Coastal Tourism sector is highest of any country around the Baltic Sea. 

577 However, the scores for these socio-economic goals may be overestimated since we lack 

578 indicators on the sustainability (such as energy and water use efficiency, recycling, ecotourism) 

579 of economic activities in the region. 

580

581 3.1.3 Biodiversity and sense of place

582 The assessment of biodiversity resulted in moderate goal scores (average 70, lowest 29, highest 

583 91) for all Baltic Sea sub-regions, with higher scores in the north (e.g., Bothnian Bay, 90) and 

584 low scores in the south (e.g. Bornholm Basin, 31). In the sense of place goal only the iconic 

585 species sub-goal scored high (average 79, lowest 72, highest 85). In contrast, several relatively 

586 low individual scores were derived for the lasting special places sub-goal (average 58, lowest 10, 

587 highest 99). This large sub-regional variability reflects differences in protected area cover, but 

588 also the differential progress in implementing marine protected areas’ (MPA) management plans. 
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589 For most BHI regions, the target of declaring 10% of the marine area as MPAs is already met, 

590 but many MPAs are categorized as only “designated” or “partly managed”. 

591

592 3.1.4 Clean water and fisheries - the major concerns

593 Traditionally, the major ecological concerns in the Baltic Sea include the availability of clean 

594 water and the sustainability of fisheries (Elmgren et al., 2015). The BHI goal of clean water 

595 comprises the levels of contamination with various chemical substances, nutrient inputs from 

596 multiple sources (mainly agriculture but also waste water treatment plants, industries, managed 

597 forestry, storm overflows and natural background sources; Heiskanen et al., 2019), and the 

598 recently developing concern of trash polluting the marine environment. Our BHI calculations 

599 indicate generally low water quality in the Baltic Sea with very high sub-regional variability 

600 (average 60, lowest 21, highest 87) with the contaminants sub-goal scoring low for the entire 

601 Baltic Sea and many of the sub-regions (average 42, lowest 6, highest 67). The BHI treated the 

602 contaminants sub-goal originally through three contaminant indicators for human health 

603 (dioxins, PCBs and PFOS).  However, many not monitored but harmful, persistent and 

604 bioaccumulating contaminants are emitted into the environment (Sobek, Bejgarn, Rudén, & 

605 Breitholtz, 2016). Hence, we added to the original contaminants score, the proportion of 

606 monitored persistent, bioaccumulative and toxic “Substances of Very High Concern” (SVHC, 

607 see Materials and Methods) to account for lack of data and knowledge on currently used and 

608 emerging hazardous substances. This modification of the goal resulted in the overall low score 

609 because only a small number (spatial average is 40%, ranging from 0 to maximum of 63%) of 

610 these new hazardous substances are currently monitored in the entire Baltic Sea. The low score 

611 can thus be seen as a result of lacking data and knowledge (see methods), rather than an 

612 assessment of the known impact of contaminants. We hope that future management and 

613 monitoring will broaden the scope with less focus on legacy contaminants and more emphasis on 

614 the challenges and potential risk caused by new and emerging SVHC contaminants as well as 

615 combined effects caused by mixtures of chemicals. 

616

617 Negative impacts of eutrophication include summer algal blooms, mostly consisting of 

618 cyanobacteria, and large hypoxic bottom areas. Because of the poor status, eutrophication is a 

619 major focus on the Baltic Sea environmental agenda. The BHI assesses this sub-goal through 

Page 24 of 76People and Nature: Confidential review copy



24

620 five indicators (winter nitrate and phosphorus, summer chlorophyll a, Secchi depth and oxygen 

621 debt; see methods) yielding comparatively low scores (average 72, lowest 50, highest 99) which 

622 show that the present status is relatively far away from accepted target levels (HELCOM, 2013). 

623 Exceptionally poor scores for eutrophication are seen in the Gulf of Riga (50), Central Baltic Sea 

624 basins (i.e. Western (64) & Eastern (66) Gotland Basins, Northern Baltic Proper (64)) as well as 

625 Bornholm Basin (67). However, the most northern basin, Bothnian Bay (83) and a few areas in 

626 the southwestern Baltic Sea, for example Great Belt (99) and Kiel Bay (99) are characterized by 

627 relatively high scores. 

628

629 The impact of fishing has also been one of the major concerns in the Baltic Sea, particularly 

630 concerning the major commercial targets cod and herring. Stock assessments for both species 

631 were the basis for our fisheries sub-goal (see methods), which scored relatively high for the 

632 entire Baltic Sea (average 82, lowest 49, highest 96). However, there is a large discrepancy in the 

633 status of the herring and cod stocks, the latter (Western and Eastern Baltic cod) being below 

634 sustainable MSY reference points due to overfishing and environmental change (Casini et al., 

635 2016; ICES, 2020; Möllmann, 2019; Orio et al., 2019). Excluding herring stocks from the score, 

636 which are in a better state (see SI) decreased the overall regional score to 73. 

637
638 Artisanal fishing opportunities (AO) scored high but varied across the Baltic Sea region (average 

639 93, lowest 66, highest 100). The lowest score was calculated for the coastal areas in The Sound 

640 (66) and the highest for the coastal areas in Eastern Gotland Basin (99), Bornholm Basin (100), 

641 Kattegat (100), Bothnian Bay (100) and Northern Baltic Proper (99). Note that the level of 

642 confidence in the AO assessment differs throughout the Baltic Sea, but is higher in those areas 

643 having the longest data series. Coastal fish communities are local in their appearance (J. Olsson, 

644 Mo, Florin, Aho, & Ryman, 2011; Östman, Lingman, Bergström, & Olsson, 2017) and the 

645 current monitoring programs do not cover all coastal areas. As such, the reference points are 

646 locally derived and varies between areas and coastal fish communities (HELCOM, 2018b;  

647 Olsson, 2019). In several areas, the data available represents shorter time-series (less than 10 

648 years of data) which also limits the confidence of the status assessment. Furthermore, we 

649 currently lack a comprehensive compilation of data on access to the fishery, which limits the 

650 applicability of the AO goal in assessing the provisioning of ecosystem services by coastal 
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651 fisheries. However, it is essential to include this goal as it represents the coastal fishing 

652 opportunity, which is an important use of the Baltic Sea environmental resources distinct from 

653 the commercial fishing represented in the food provision: fisheries sub-goal, and not captured 

654 elsewhere in the BHI.

655

656 3.2 Likely future status

657 An important asset of the BHI compared to other assessments of the Baltic Sea such as HOLAS 

658 II (HELCOM, 2018) is the consideration of the likely future change of the socio-ecological 

659 system, and that this new approach accounts for the relative effects of human pressures on and 

660 resilience of the ecosystem centrally in the assessment (Halpern et al., 2012). However, the BHI 

661 approach embeds the challenge of anticipating likely future direction of change in status. We 

662 hence deliberately focused on the near-term future, i.e. five years only, rather than long-term 

663 sustainability, since long-term future states are difficult to project and are associated with high 

664 uncertainty. Furthermore, the short-term future is also most relevant to policymakers, which 

665 makes the results useful for deciding upon urgent measures needed to remediate the state of the 

666 sea.

667

668 To further illustrate the interactions between the different BHI components that are involved in 

669 the likely future calculation (i.e. resilience, pressures and trend, Fig. 1) we demonstrate the 

670 various effects of these components in computing the eutrophication sub-goal across three Baltic 

671 Sea basins (Fig. 3). In the Bornholm Basin, the likely future status was higher (71) than the 

672 current status (64), due to a positive trend (+0.1) of the eutrophication indicators during the last 

673 five years combined with a high resilience (66) in relation to pressures (44, Fig. 3). In the 

674 Bothnian Sea, the likely future status (79) was higher than the current status (67) even so the 

675 trend was negative (-0.14), but note that here the resilience score (84) is very high in relation to 

676 the non-existing pressure (0, Fig. 3), as the maximum allowable input of the nutrient loads of 

677 both nitrogen and phosphorus (both are the pressure component) is below the thresholds (set by 

678 the HELCOM BSAP process). In contrast, in the Gulf of Riga the likely future status was lower 

679 (48) than the current status (52) due to a strongly negative trend (worsening of the status, -0.4), 

680 even though, the resilience (73) was higher than the pressure (21, Fig. 3). The negative trend 

681 indicates that urgent management actions are needed for improving the eutrophication status in 
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682 the Gulf of Riga, in particular as also long-term projections indicate a slow recovery from 

683 eutrophication (Murray et al., 2019).

684

685 Overall, the likely future status of all goals averaged for the whole Baltic Sea is higher than the 

686 present status (Fig. 4), which is a positive sign for Baltic Sea management. The sub-regional 

687 variability varies across goals and in a few cases the likely future status was worse than the 

688 present status (24 of 269, 8.9 % of all goals and sub-goals status across all sub-regions). This 

689 lower future status was present in particular in four goals /sub-goals (we list only the difference 

690 which are larger than one): a) artisanal fishing opportunities in the Northern Baltic Proper Sea (-

691 2) and Eastern Gotland Basin (-3); b) biodiversity in the Bay of Gdansk (-1); c) eutrophication in 

692 the Quark (-10), Gulf of Riga (-5), and Eastern Gotland Basin (-1), contaminants in the Sound (-

693 9), Bornholm Basin (-6),  Great Belt (-5), Kiel Bay (-4), fisheries in Bay of Gdansk (-6), Arkona 

694 Basin (-2), see also SI Table 6). 

695
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696

Bornholm Basin (67)

Bothnian Sea (73)

Gulf of Riga (50)

Present
Status

Likely
Future

5 years
ago

R=66

R=84

R=73

P=21

P=0

P=44

T=0.1

T=-0.14

T=-0.4

52
48

79
67

64 71

697 Fig. 3. Eutrophication values of Bornholm Basin, Gdansk Basin and Gulf of Riga. The trend (T), 
698 pressure (P), resilience (R), present status (on the vertical present status point), likely future (on 
699 the vertical likely future status point, and the total basin-specific eutrophication scores (in 
700 parenthesis after the basin name) are given to illustrate the interplay between these different 
701 components of the BHI. The thickness of the pressure and resilience arrows indicate the values 
702 of these components. Slope direction indicates the trend values.  
703
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704 The assessment of the likely future status rewards the presence of regulatory and management 

705 measures which we estimated using the proxy of countries’ compliance to laws and regulations. 

706 Cumulative environmental pressures are a growing topic of research, but resilience measures and 

707 the ways they work or fail to counterbalance pressures are an important piece of information in 

708 order to gain a comprehensive picture of the situation. While the BHI future estimates may be 

709 overly optimistic, the different ways the BHI components interact to produce likely future status 

710 highlight the importance of having the quantitative information and records of both ecological 

711 and governance data to understand and estimate likely future changes, which can serve as 

712 indicators for management priorities. 

713

714

715
716 Fig 4: Difference between likely future and current status for each goal and sub-goal for the 
717 whole Baltic (point) and the sub-regional variability (horizontal lines, with shaded density 
718 curves). The horizontal lines show min-max ranges and the shaded areas show distribution of 
719 sub-regions’ associated values across the ranges, i.e. the thicker the shaded area, the more sub-
720 regions with values in that vicinity. Values greater than zero on the x-axis (likely future minus 
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721 status) indicate the likely future status is greater than the current status, while values less than 
722 zero indicate expected decline in status going into the future.
723

724 3.3 Reference levels

725 BHI scores clearly depend on the reference levels and the philosophy behind setting these. For 

726 example, intuitively trash is a much smaller problem in the Gulf of Finland than eutrophication. 

727 However, a drastic reference level of "no trash pollution" is set because no other quantitative 

728 reference exists yet, while the international agreed BSAP reference level “allows” a certain level 

729 of eutrophication. Consequently, trash scored lower (55) in the Gulf of Finland than 

730 eutrophication (71). Such differences in reference level “philosophy” have been heavily 

731 discussed during BHI expert workshops and are an important outcome of the BHI project. 

732 Currently, we are far from a consistent reference level setting approach in the BHI, but also in 

733 other comprehensive assessments (such as HELCOM HOLAS II). This shortcoming is 

734 exacerbated by the common practice of setting reference levels based on single sectors and single 

735 impacts. However, clearly impacts such as eutrophication and fisheries are linked, and additive 

736 and/or synergistic effects of cumulative drivers affect their status which should be reflected in 

737 the reference level (Giakoumi et al., 2015; Halpern, Frazier, et al., 2015; Hunsicker et al., 2015). 

738 In general, reference points should be science-informed, but optimally would be to develop these 

739 reference points in a co-design process with diverse stakeholders and scientists in order to define 

740 goals of restorative and active intervention and implement appropriate management measures 

741 (Franke et al., 2020). Learning exercises are needed to successfully operationalize and 

742 implement ocean management strategies that integrate environmental, social, cultural, health at 

743 local and regional scales. These different “management experiments”, i.e. adjusting different 

744 solutions in different regions, can help to potentially overcome conflicting societal interests and 

745 to identify common values (Franke et al., 2020) and different regions could learn from different 

746 management practices. 

747

748 The purpose of this Perspective is to highlight the need to (1) provide a conceptual and 

749 simultaneously operational ocean health framework that integrates the links between ocean and 

750 human health and (2) address potential solutions and obstacles to sustain and restore a healthy 

751 and productive ocean for future generations through advancing approaches for a broad 

752 transdisciplinary integration of marine sciences.
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753

754 3.5 BHI in comparison to other assessments

755 Several assessment approaches have been developed and applied to large marine areas in open 

756 and coastal waters (Borja et al., 2016). Within the Baltic Sea foundational holistic assessments 

757 (HOLAS I & II) have been conducted by HELCOM (2010, 2018) and assess the state of the 

758 Baltic Sea ecosystem, environmental pressures and human well-being. HOLAS II assessed the 

759 status for the period 2011–2016, i.e. a slightly earlier period than used for the BHI (except for 

760 biodiversity, which is from the same period), and concludes that “the environmental health of the 

761 Baltic Sea does not meet the objectives of the Baltic Sea Action Plan” (HELCOM, 2018). BHI 

762 and HOLAS II cannot be directly compared due to their different approaches and partially 

763 different sets of targets. For instance, in contrast to HOLAS II, the BHI assessed carbon storage, 

764 natural products, tourism, livelihood and economy as well as sense of place. Also, the underlying 

765 assumptions of the two assessments are different. The BHI approach (and the OHI framework in 

766 general) focus on the assessment of how oceans provide benefits for humans, whereby HOLAS 

767 II focused more directly on ecosystem status classification. It is, however, obvious that both 

768 assessments carry the same important and urgent message that the Baltic Sea health status is not 

769 sufficient because many management targets have not been reached. From the BHI perspective, 

770 it becomes clear that the status of the Baltic Sea is with 76 not sufficient, i.e., the target (100) has 

771 not been reached. For example, the fisheries, biodiversity and eutrophication goals/sub-goals are 

772 below 100, indicating that GES target (based on the EU MSFD) has not been achieved.

773

774 Table 2: Data limitations for each goal (bold) and sub-goal are listed.
GOAL GOAL/SUB-

GOAL
DATA LIMITATIONS

Artisanal 
Fishing 
Opportunity

Data are not extensive enough to support a full analytical 
assessment, lack of data on the need and access of the fishery.

Biodiversity Currently the condition of habitats and biotopes are not assessed, no 
real functional biodiversity included.  

Carbon 
Storage

Seagrass extent data are limited and no information on other carbon 
storage habitats (such as wetlands), missing reference levels. 

Clean Water/ 
Contaminants

The assessment is based on few contaminant indicators and the 
combined effect of contaminants is not accounted for, due to lack of 
relevant data.
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Eutrophication Almost the same data and reference levels as for the HELCOM 
HOLAS II assessment has been used but without any weighting of 
any indicator.

Trash No Baltic Sea wide macro and micro trash long-term data available 
yet. 

Food 
Provisioning/
Fisheries

Eastern Baltic cod status difficult to assess with the MSY approach, 
other fish species (e.g flounder (Platichthys solemdali), salmon 
(Salmo salar)) are also used for human consumption in the Baltic 
Sea, but not included here, as data are limited.

 Mariculture Very little sustainability data exits (e.g. nutrient, antibiotic release, 
fish escape), no reference point, spatial farm data are not 
transparent and difficult to collect. 

Economies No sustainable economic data exits, sustainable reference levels 
taken from EU report. 

Livelihoods No sustainable livelihood and reference data exits.
Natural 
Products

Only one Baltic Sea wide assessment unit for sprat, other natural 
products information is missing or difficult to assess.

Sense of 
Place/Iconic 
Species

Limited expert survey to determine iconic species in the Baltic Sea 
region.

Last Special 
Place

There are no comprehensive data on areas providing cultural 
services, therefore marine protected areas and their management 
plan implementation are used as proxy. This assumes that the 
existing MPAs are chosen to represent important cultural values.

Tourism No Baltic Sea wide ecotourism data and sustainable reference levels 
exists.

775

776 4 CONCLUSIONS

777 We conducted a first assessment of Baltic Sea health following the internationally applied OHI 

778 framework. Such a quantitative and comprehensive assessment requires robust and continuous 

779 monitoring data and needs to be flexible to include new studies, indicators and knowledge, 

780 especially for target setting (Borja et al., 2016). One objective of this initial BHI assessment was 

781 to identify lacking or deficient data (Table 2). For example, the assessment of carbon storage was 

782 limited, and thus likely underestimated, due to a lack of distribution and carbon sequestration 

783 data for other submerged macrophytes than eelgrass. The livelihoods and economies goal was 

784 also difficult to calculate because no indicators exist on the level of sustainability of economic 

785 activities. Further, in some cases, reference points are either unclear or missing. Future BHI 

786 assessments will hopefully benefit from recent sampling and monitoring activities.

787
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788 Our first BHI assessment is not the final word on the health state of the Baltic Sea. It however 

789 provides a robust platform for a constructive dialogue on strengths and weaknesses as well as the 

790 required next steps to improve the assessment. In this first assessment, the BHI added new 

791 dimensions beyond previous Baltic Sea assessments by integrating new goals such as livelihoods 

792 and economies, natural products, carbon storage, and tourism, along with advancements of 

793 resilience metrics based on countries compliance assessment to regulations, future trend 

794 assessments, and transparent, reproducible methods with openly available code 

795 (https://github.com/OHI-Science/bhi-prep). Furthermore, BHI takes the likely near-term future 

796 of the goals into account when assessing their state, which helps focus on mitigation actions on 

797 the most severe pressures.

798  
799 The BHI outcomes can be used to identify both pan-Baltic and sub-regional scale management 

800 priorities (focusing on goals with low scores and likely future status) and to illustrate the 

801 interconnectedness between goals linked by cumulative pressures. Hence, the information 

802 provided by the BHI and its further development will contribute to the fulfilment of the UN 

803 Agenda 2030 across the SDGs goals (Lubchenco & Gaines, 2019). Here, in particular the SDG 

804 17 “Strengthen the means of implementation and revitalize the global partnership for sustainable 

805 development,” will help to provide a new narrative for the “Baltic Sea contribution to people”. 

806 Also, our findings and our transdisciplinary approach (through workshops and target setting) can 

807 provide important insights to the current Intergovernmental Science-Policy Platform on 

808 Biodiversity and Ecosystem Services (IPBES) framework (Díaz et al., 2019; IPBES, 2019) for 

809 assessing the state of biodiversity and ecosystem services at both regional (see also Culhane et 

810 al., 2020) and global scales.  The UN has proclaimed the ‘‘Decade of Ocean Science for 

811 Sustainable Development’’ and the ‘‘Decade on Ecosystem Restoration’’ (both 2021–2030) to 

812 support ‘‘efforts to reverse the cycle of decline in ocean health and gather ocean stakeholders 

813 worldwide’’. Our Baltic Sea case study could be an important example for other marine regions 

814 of how the most severe threats to ocean health (e.g., hazardous substances, nutrient load) can be 

815 identified and mitigated. 

816
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1 GOAL CALCULATION  
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2 ASSESSMENT UNITS 

 

Fig. 1. A map showing the BHI assessment units (in total 42). 

(See the Shiny App for more details: https://baltic-ohi.shinyapps.io/dashboard/)  
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3 GOALS 

Table 1: The Reference point type and data used for each sub-goal and goal are shown. 

GOAL GOAL/SUB-

GOAL 

REFERENCE 

POINT TYPE 

DATA USED 

 Artisanal Fishing 

Opportunity (AO) 

Agreed target 

(HELCOM 2018) 

Abundance of coastal fish key functional groups 

and key coastal fish species (HELCOM) 

 

 

 Biodiversity (BD) Established 

Target 

 

Integrated biodiversity status assessments for five 

components (HELCOM)  

 Carbon Storage 

(CS) 

Temporal 

comparison  

Seagrass (Zostera sp) monitoring data (HELCOM) 

 Clean Water (CW)/ 

Contaminants 

Established 

Target 

Measurements of PCB, dioxin, PFOS and 

Concerning Substances in biota and sediment 

(ICES) 

 CW/Eutrophication Agreed Target 

(HELCOM 2018) 

Winter nitrogen and phosphorus, summer 

chlorophyll a, summer Secchi depth, and oxygen 

debt (ICES, SMHI, NEST) 

 CW/Trash Established 

Target 

Jambeck model (Jambeck et al 2015) 

 Food Provision 

(FP) /Fisheries 

Functional 

Relationship 

B/BMSY and F/FMSY estimates from stock 

assessments (ICES); Fulton K for cod (Casini et al 

2016) 

 FP/ 

Mariculture 

Established target 

 

Country-specific, FAO and HELCOM production 

data of rainbow trout  

 Livelihoods & 

Economies (LE)/ 

Economies 

Temporal 

Comparison 

Sector-specific Gross Value Added (GVA) data 

(2020 EU Blue Growth report) 

 LE/ Livelihoods Temporal 

comparison  

Country-level employment rate data and 

population change at regional level (NUTS 3) 

(Eurostat 2000-2019)  

 Natural Products 

(NP) 

Functional 

Relationship 

B/BMSY and F/FMSY estimates for sprat from 

stock assessments 

 Sense of Place 

(SP)/Iconic species 

Established 

Target 

List of species are obtained from surveys.  Species 

conservation status as determined by IUCN 

criteria (HELCOM) 

 SP/Lasting special 

places  

Established 

Target 

Marine areas protected and managed for 

conservation (HELCOM) 

 

  

Tourism (TR) Temporal 

comparison  

Coastal tourist accommodation, marine transport 

and other expenditure (2020 EU Blue Economy 

report, Eurostat 2000-2019) 

Full details on the BHI calculation as well as data and code are available at 

https://github.com/OHI-Science/bhi-prep.  
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Table 2: The flowerplot results of the smaller basins/bays. 

Basin  BHI 
The Quark 

 
Åland Sea 

 
Northern Baltic Proper 
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Bay of Mecklenburg 

 
Kiel Bay 

 
The Sound 

 
Great Belt 
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3.1 Artisanal Fishing Opportunity 

Goal Description 

This goal reflects small-scaled local and coastal fisheries with great socio-economical value, 

and also of an increasing interest to the recreational fishery sector. A score of 100 means the 

coastal fishery status has reached the good environmental status. 

Model & Data 

The artisanal fishing opportunity (AO) model assesses the health of fish stocks, represented by 

the mean of two HELCOM core indicators for coastal fish stock abundance: 

 

- the HELCOM Core Indicator Abundance of coastal fish key functional groups 

(https://helcom.fi/media/core%20indicators/Abundance-of-coastal-fish-key-

functional-groups-HELCOM-core-indicator-2018.pdf) evaluates the Catch-per-unit-

effort (CPUE) of selected functional groups of coastal fish in the Baltic Sea. As a 

rule, Good Environmental Status (GES) is achieved when the abundance of 

piscivores (i.e. fish that feed on other fish) is high and the abundance of cyprinids (i.e. 

fish that feed on e.g. benthic invertebrates) is within an acceptable range. The boundary 

for GES is site and group (piscivores/cyprinids) specific. The status of the indicators 

has been evaluated by assessing the status of piscivores and cyprinids during the period 

2011-2016. 

 

- the HELCOM Core Indicator Abundance of key coastal fish species 

(https://helcom.fi/media/core%20indicators/Abundance-of-key-coastal-fish-species-

HELCOM-core-indicator-2018.pdf) evaluates the CPUE of typical species of fish, such 

as perch and flounder, in the coastal areas of the Baltic Sea, to assess environmental 

status. As a rule, Good Environmental Status (GES) is achieved when the abundance of 

key coastal fish species is above a set site and species-specific boundary. The current 

evaluation assesses status during the period 2011-2016. 

 

Environmental status assessments were provided by Jens Olsson (SLU, Sweden), see 

also HELCOM FISH-PRO II (http://www.helcom.fi/helcom-at-work/projects/fish-

pro/).  

Reference points 

For this assessment, indicator status was normalized in categorical classes:  

- Nearest lower value of 0.125 = 0.125  

- Nearest lower value of 0.375 = 0.375  

- Nearest lower value of 0.6 = 0.6  

- Nearest lower value of 0.875 = 0.875  

where threshold value = 0.6.  

Threshold values for the status assessments were identified based on site-specific time-series 

data for each indicator, as coastal fish generally have local population structures, limited 

migration, and show local responses to environmental change. 
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See for more information see: 

https://github.com/OHI-Science/bhi-prep/blob/master/prep/AO/v2019/ao_prep.md 

3.2 Biodiversity 

Goal Description 

People value biodiversity in particular for its existence value. The risk of species extinction 

generates great emotional and moral concern for many people. 

Model & Data 

This goal consists of five components: benthic habitats, pelagic habitats, fish, mammals (seals), 

seabirds. It has been evaluated using the biological quality ratios and seabird abundance, 

derived in the integrated biodiversity assessments from HELCOM (the HELCOM assessment 

tool: https://github.com/NIVA-Denmark/BalticBOOST). These are based on core indicators 

for key species and species groups, including abundance, distribution, productivity, 

physiological and demographic characteristics. Statuses of these five biodiversity components 

are aggregated first within each component, combining coastal area values with area-weighted 

averages, then combining the values for coastal and offshore areas of each BHI region with 

equal weight. A single biodiversity status score per region is calculated as geometric mean of 

the five components. More detailed information on the indicators and the biodiversity 

assessment can be found at HELCOM (http://stateofthebalticsea.helcom.fi/biodiversity-and-

its-status/). 

Reference points 

For the seabirds, the HELCOM core indicator threshold of 0.75 abundance, decided by 

HELCOM, was used as good status (corresponding to a status score of 100 in BHI). For the 

other four components (benthic habitats, pelagic habitats, fish, and mammals), a biological 

quality ratio (BQR) of 0.6 was developed by HELCOM with the aim to represent good status 

and was used as here as the target. 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/BD/v2019/bd_prep.md. 

3.3 Carbon Storage 

Goal Description 

The Carbon Storage goal captures the ability of the coastal habitats to remove carbon given 

their carbon uptake rate and health conditions. A score of 100 means all habitats that contribute 

to carbon removal are still intact or have been restored and they can function to their full carbon 

burial potential. Highly productive coastal wetland ecosystems or seagrass store substantially 

large amount of carbon have the highest sequestration rates of any habitats on earth. They are 

also threatened by under-regulated coastal development but are amenable to restoration and 

conservation efforts. For the BHI, as data was limited we used seagrass (Zostera sp.) coverage 

data to assess vegetation-based carbon storage. There is high uncertainty associated with using 
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only seagrass data. However, we aim to highlight the need to better monitor marine vegetation 

in order to understand the carbon storage capacity in coastal areas.  

Model & Data 

Seagrass data (Zostera sp.) data were downloaded from the HELCOM Map & Data service 

(http://metadata.helcom.fi/geonetwork/srv/eng/catalog.search#/metadata/dd90a6aa-1d65-

4158-a2e7-7ca3ee87d615). Select: Biodiversity >> Redlisted species >> macrophytes >> LC 

least concern >> Zostera.  

 

The data were classified as follows:  

 

- 0 = no observations,  

- 1 = present before year 1995 or in 1995,  

- 2 = present after year 1995,  

- 3 = present before and after year 1995.  

 

Expert opinion (Christoffer Boström) suggested that no growth of Zostera sp naturally occurs 

in these BHI ID regions: 12, 15, 17, 19, 21, 22, 23, 24, 37, 38, 39, 40, 41, 42, and were left as 

NA in this analysis.  

Reference points 

A Zostera sp classification of 2 (present after year 1995) or 3 (present before and after year 

1995) were used as reference points.  

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/CS/v2019/cs_prep.md. 

3.4 Clean Waters  

3.4.1 Contaminants 

Goal Description 

The Contaminant sub-goal of the Clean Water goal captures the degree to which local waters 

are unpolluted by contaminants. This sub-goal scores highest when contamination levels are 

below thresholds defined by the Marine Framework Directive. For the BHI, three contaminants 

indicators are proposed, describing different aspects of toxicity: dioxin and dioxin like 

compounds, polychlorinated biphenyl compounds (PCBs), and perfluorooctanesulfonic acid 

(PFOS). In addition, a penalty factor has been applied to account for the fact that current 

monitoring programs do not cover all the registered and harmful contaminants. 

Model & Data 

All contaminant data were downloaded from the open-accessible ICES database (see below). 

• ICES Database for Contaminants in Biota (PCBs, Dioxins, PFOS, and Concerning 

Substances) 
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• ICES Database for Contaminants in Sediment (PCBs, Dioxins, and Concerning 

Substances) 

• Reference codes for PCB Congeners 

• Reference codes for Dioxin Congeners 

For PCBs and Dioxins, values were calculated from measurements in biota (herring) and in 

sediments separately, using the relevant thresholds; the two indicator values from the different 

matrices were then combined with a simple average to get an indicator value for each PCBs 

and dioxins.  

The ‘concerning substances‘ indicator was conceptualized as a more comprehensive way to 

account for the fact that many concerning, hazardous substances are not currently monitored in 

the Baltic Sea. The list of concerning substances was obtained from the European Chemical 

Agency Candidate List of substances of very high concern for Authorisation (published in 

accordance with Article 59(10) of the REACH Regulation). These substances were compared 

with those in the ICES database. Those on the list which are monitored in some areas of the 

Baltic Sea, are assessed for spatial coverage of monitoring; substances on the list may be 

monitored somewhere in the Baltic Sea, but only in some basins or for some countries. The 

final indicator score for a region is the percentage of substances on the list that have any number 

of measurements within 6 years, in the given region. 

Status calculation is based on average of PCBs, PFOS, and Dioxin indicators calculated each 

per Subbasin. Concerning substances indicator was calculated by BHI region, and integrated 

with the other three indicators as a region-specific penalty factor.  

Reference points 

PCB Concentration Indicator Biota: non-dioxin like PCBs: sum of congeners (28, 52, 101, 

138, 153, 180). Target is set at the threshold of 75 ug/kg ww (wet weight) fish muscle. This is 

similar to the ICES-7 except that PCB 118 is excluded, since it is metabolized by mammals.  

75 ng/g wet weight is the EU threshold for fish muscle. See Section 5 Annex, 5.3. This threshold 

was also agreed upon as GES boundary at the meeting of the Working Group on the State of 

the Environment and Nature Conservation April 11-15, 2016. 

TEQ values for Dioxins and Dioxin-like PCBs in Biota: for dioxin and dioxin-like 

compounds, target is set at 0.0065 TEQ ug/kg ww fish, crustaceans or molluscs (source of 

target: EQS biota human health). Secondary GES boundary: CB-118 24 ug/kg lw fish liver or 

muscle (source: EAC). This threshold was agreed upon as GES indicator at the meeting of 

the Working Group on the State of the Environment and Nature Conservation April 11-15, 

2016. This is consistent with the EU human health thresholds for dioxin and dioxin-like 

compounds - 6.5 pg/g. TEQ values from the World Health Organization 2005. 

PFOS indicator: according to HELCOM PFOS core indicator document, p.3, the “GES 

boundary is set to 9.1 μg/kg wet weight (or 9.1 ng/g ww) with the protection goal of human 

health”. “The GES boundary is an environmental quality standard (EQS), derived at EU level 

as a substance included on the list of priority substances under the Water Framework Directive 

(European Commission 2000, 2013). GES, in accordance with the MSFD is defined as 

‘concentrations of contaminants at levels not giving rise to pollution effects’. EQS are derived 

from ecotoxicological studies to protect freshwater and marine ecosystems from potential 

Page 56 of 76People and Nature: Confidential review copy

http://dome.ices.dk/views/ContaminantsSediment.aspx
http://dome.ices.dk/views/ContaminantsSediment.aspx
https://vocab.ices.dk/?CodeID=26983
https://vocab.ices.dk/?CodeID=26986
https://echa.europa.eu/candidate-list-table?p_p_id=disslists_WAR_disslistsportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-1&p_p_col_pos=2&p_p_col_count=3&_disslists_WAR_disslistsportlet_javax.portlet.action=searchDissLists
https://echa.europa.eu/candidate-list-table?p_p_id=disslists_WAR_disslistsportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-1&p_p_col_pos=2&p_p_col_count=3&_disslists_WAR_disslistsportlet_javax.portlet.action=searchDissLists
http://dome.ices.dk/views/ContaminantsBiota.aspx
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:320:0018:0023:EN:PDF
http://helcom.fi/helcom-at-work/groups/state-and-conservation
http://helcom.fi/helcom-at-work/groups/state-and-conservation
http://helcom.fi/helcom-at-work/groups/state-and-conservation
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:320:0018:0023:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:320:0018:0023:EN:PDF
http://www.who.int/ipcs/assessment/tef_values.pdf
http://www.helcom.fi/Core%20Indicators/PFOS_HELCOM%20core%20indicator%202016_web%20version.pdf


 12 

adverse effects of chemicals, as well as adverse effects on human health via drinking water and 

food from aquatic environments. Quality Standards (QS) are derived for different protection 

goals, i.e.: pelagic and benthic communities, top-predators in these ecosystems, and human 

health. The most stringent of these QS is the basis for the EQS. The EQS boundary for PFOS 

is based on the QS set for biota to protect human health (9.1 μg/ kg fish ww), defined for edible 

parts in fish. For harmonization purposes the EC Guidance Document No. 32 on biota 

monitoring (the implementation of EQS biota) under the WFD was developed (European 

Commission 2014). This guidance document recommends that the results from the monitoring 

should be standardized to represent fish at a trophic level of 4, which is an estimate of the 

general trophic level in commercial fish in Europe. The recommendation to obtain PFOS data 

in fish at a trophic level of 4 is to adjust the values from monitoring in accordance with trophic 

magnification factors and trophic level.” (HELCOM PFOS core indicator document, p.8). 

HELCOM core indicator report uses liver PFOS concentrations converted to muscle equivalent 

values as in Faxneld et al. 2014b. 

TEQ values for PCBs in Sediment: only a few environmental quality standards (EQS) are to 

date defined in the Baltic Sea for marine surface sediments. The Norwegian threshold values 

are often used when a comparison with ecotoxicological effects is needed. In particular, 

the Norwegian Environment Agency has defined EQS in sediment for 28 EU priority 

substances. For PCB7 (sum PCB 28, 52, 101, 118, 138, 153, and 180) target is set at 4.1 TS 

ug/kg dw (Environmental quality classification of water bodies). Recommended threshold 

values are given only for total PCB7, and not for each individual congener. This is because 

toxicity data are available for only a minority of congeners. 

 TEQ values for dioxins in Sediment: for dioxin and dioxin-like compounds target is set at 

0.00086 TEQ ug/kg dw (Total TEQ). (Norwegian Environment Agency TEQ values from 

the World Health Organization 2005). 

 
For more information see: 

https://github.com/OHI-Science/bhi-prep/blob/master/prep/CW/contaminants/v2019/con_prep.md.  

 

3.4.2 Eutrophication 

Goal Description 

The eutrophication sub-goal of the Clean Water goal captures the degree to which local waters 

are affected by eutrophication. For the BHI four eutrophication indicators were included:  

- winter (December-February) dissolved inorganic nitrogen (DIN) concentrations in the 

surface layer (0 - 10 m depth); 

- winter (December-February) dissolved inorganic phosphorus (DIP) concentrations in 

the surface layer (0 - 10 m depth); 

- summer (June-September) chlorophyll a concentration in the surface layer (0 – 10 m 

depth);  

- summer (June-September) Secchi depth;  

- oxygen debt.  
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These five indicators are HELCOM core indicators (Baltic Sea Environmental Proceedings No 

143). Oxygen debt is calculated using the ICES HEAT assessment tool 

(https://github.com/OHI-Baltic/HEAT). 

Model & Data 

The geometric mean of the status of all five indicators have been calculated for Bornholm Basin, 

Western Gotland Basin, Eastern Gotland Basin, Northern Baltic Proper and Gulf of Finland. 

For the other basins only four indicators (without oxygen debt) have been used to calculate the 

eutrophication status. Moreover, only offshore data were used for all core indicators, due to 

insufficient data and/or missing threshold values associated to coastal areas. 

 

• Mean Summer Secchi depth (June-September) data from ICES and SMHI databases. 

• Winter (DIN), (DIP), and summer chlorophyll a data were downloaded from the Baltic 

Nest Institute database (DAS and NEST); additional chlorophyll a data come from ICES 

and SMHI. 

• Oxygen debt calculations are based on oxygen data from ICES (CTD and bottle data), 

and follow the approach introduced in HELCOM Indicator Sheets (2018) where the 

oxygen debt below halocline is assessed and general additive models are applied to 

address temporal, seasonal and spatial variation within the basins (more information 

available at the HELCOM 2013 (BSEP133)). 

 

Reference points 

The reference points for the eutrophication subgoal are set following the thresholds set by 

HELCOM (2018) and agreed on by the HELCOM Heads of Delegation (HOD): Approaches 

and methods for eutrophication target setting in the Baltic Sea region. 

Secchi depth reference points are set according to the HELCOM thresholds (HELCOM 2018). 

They are based on results obtained in the TARGREV project (HELCOM 2013a), taking 

advantage of the work carried out during the EUTRO PRO project (HELCOM 2009) and 

national work for WFD. The final targets were set through an expert evaluation process done 

by the intersessional activity on development of core eutrophication indicators (HELCOM 

CORE EUTRO) and the targets were adopted by the HELCOM Heads of Delegations. More 

information: 

• Approaches and methods for eutrophication target setting in the Baltic Sea region 

• Fleming-Lehtinen and Laamanen. 2012. Long-term changes in Secchi depth and the 

role of phytoplankton in explaining light attenuation in the Baltic Sea. Estuarine, 

Coastal, and Shelf Science 102-103:1-10 

• EUTRO-OPER. Included on this page is a link to the Eutrophication Assessment 

Manual 

The oxygen debt, i.e., “missing” oxygen in relation to fully oxygenated water column, 

calculations follow the approach introduced in HELCOM Indicator Sheets (2018) and the same 
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threshold values (the 95th percentiles before 1940, detected using change point analysis) are 

used. There are only two distinct reference points, set for the Baltic Proper (including Gdansk 

Basin, Eastern and Western Gotland Basins, Northern Baltic Proper, and Gulf of Finland) and 

for Bornholm Basin. These targets were also set according to HELCOM, as described in Baltic 

Sea Environmental Proceedings No 143. 

The winter (DIN), (DIP), and summer chlorophyll a reference points were set according to the 

HELCOM thresholds (HELCOM 2018). 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/CW/eutrophication/v2019/eut_prep.md. 

3.4.3 Trash 

Goal Description 

The Trash sub-goal assesses a region’s ability to manage litter to prevent them from entering 

the ocean to cause harm to the coastal and marine environment. Marine litter is a large global 

concern, impacting all marine environments of the world. 

Model & Data 

The status is calculated by a country’s amount of mismanaged plastic litter that has the potential 

to enter the ocean 

• Modelled data by Jambeck et al. 2015: Plastic waste inputs from land into the ocean. 

The modelled data have been down-weighted for Russia, Germany, Denmark and Sweden 

(proportion of coastal pop/national pop) to include only the litter that reaches the Baltic Sea 

from these countries. 

Reference points 

The Good Environmental Status (reference point) from the Marine Strategy Framework 

Directive is qualitatively framed as the situation where “properties and quantities of marine 

litter do not cause harm to the coastal and marine environment”. Currently, there is no official 

quantitative reference point set. Therefore, for this assessment the reference points was set 

based on modeled data from Jambeck et al. 2015, where the upper reference point was the 

maximum amount of litter among all Baltic surrounding countries in 2010 and the lower 

reference point is zero litter in the Baltic Sea. 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/CW/trash/v2019/tra_prep.md. 

3.5 Food Provision 

3.5.1 Fisheries 

Goal Description 
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The Fisheries sub-goal of Food Provision describes the ability to maximize the sustainable yield 

of wild-caught seafood for human consumption. For the BHI cod and herring stocks in the 

Baltic Sea were included as wild-caught fisheries. 

Model & Data 

The data used for this goal are composed of cod and herring spawning biomass (SSB) and 

fishing mortality (F) data. The current status is calculated as a function of the ratio (B’) between 

the single species current biomass at sea (B) and the reference biomass at maximum sustainable 

yield (BMSY), as well as the ratio (F’) between the single species current fishing mortality (F) 

and the fishing mortality at maximum sustainable yield (FMSY). B/Bmsy and F/Fmsy data are 

converted to scores between 0 and 1, see Fig X. 

 

Fig. 2: The relationship between the single species current biomass at sea (B) and the reference 

biomass at maximum sustainable yield (BMSY, bbmsy), and the single species current fishing 

mortality (F) to the fishing mortality at maximum sustainable yield (FMSY, ffmsy) ratio. 

The data for the different cod and herring stocks were collected from the International Council 

for the Exploration of the Sea (ICES, www.ices.dk) by searching for ‘cod’ or ‘herring’ by 

specifying the ecoregion as Baltic Sea and search for the 2019 assessment. Cod and herring 

have been chosen, as these are the dominant fish species in tonnes in the Baltic Sea and are 

used mainly for human consumption. The following specific spatial stocks have been used for 

the calculation: cod from the ICES subdivision 22-24 (cod_2224), cod from the ICES 

subdivision 25-32 (cod_2532), herring from the ICES subdivision 22 (her_3a22), herring from 

the ICES subdivision 25_32 (her_2532), herring from the ICES subdivision 28-1 (her_riga), 

and herring from the ICES subdivision 30 (her_30). the body condition of the cod stock 
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(cod_2532) in the Baltic Sea has dramatically decreased during the past two decades, with large 

implications for the fishery relying on this resource. To account for this, we applied an 

adjustment of Easter Baltic Cod scores based on cod individual body condition (Fulton's K) 

from the size class 40-49 cm (Casini et al 2016, DOI: 10.1098/rsos.160416).  

 

Equation Over/under fished 
Fishing related 

mortality 
resulting F' score 

a overfished (B/Bmsy < 0.8) high 
all 0s (lowest possible 

score) 

b  low penalty applied 

c  med/high penalty applied 

d  med/low all 1s (best possible score) 

e 
not overfished (B/Bmsy > 

0.8) 
low penalty applied 

f  medium all 1s (best possible score) 

g  high penalty applied 

Here are the specific equations:  

 

This equation simply converts the F/FMSY value to an F' score that will fall between 0-1 (this 

function applies a penalty when b/bmsy scores indicate good/underfishing, i.e., >= 0.8, but 

f/fmsy scores indicate high fisheries related mortality, i.e., > 1.2). The 2.5 and 1.3 values were 

chosen to scale the F/FMSY values, so that F' scores would be between 0-1. I am fairly sure 

that the 2.5 value was chosen because it was the highest F/FMSY value in the dataset, and (2.5-

2.5)/1.3 = 0, establishing the low score of 0. The 1.3 value was chosen because the lowest 

possible value for ffmsy (for equation 'g') is 1.2 (ffmsy>=1.2), and (2.5 - 1.2)/1.3 = 1, 

establishing the high score of 1. 

The Fulton K penalization for the cod size class (40-49 cm) from the ICES sub-divisions 25-28 

(Casini et al 2016) were used. 

Reference points 
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The reference point used for the computation are based on the MSY principle and are described 

as a functional relationship. MSY means the highest theoretical equilibrium yield that can be 

continuously taken on average from a stock under existing average environmental conditions 

without significantly affecting the reproduction process (European Union 2013, World Ocean 

Review 2013). 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/FIS/v2019/fis_np_prep.md.  

3.5.2 Mariculture 

Goal Description 

The Mariculture sub-goal of the Food Provision (FP) goal describes a country’s ability to 

maximize the sustainable yield of farmed fish and shellfish in the ocean for human 

consumption. In terms of total fish production, mariculture is at the moment not a large industry 

in the Baltic Sea, and dominated by rainbow trout production, which was included using 

available national data. Despite the production of rainbow trouts in some Baltic countries 

(Denmark, Germany, Sweden and Finland), there is currently very limited data on nutrient 

discharge, and therefore the Mariculture sub-goal was not assessed and will not contribute to 

the overall Food Provision goal score. 

Model & Data 

Tonnes of mariculture production data were collected from country databases or reports from 

the Swedish Board of Agriculture (https://www.scb.se/hitta-statistik/statistik-efter-amne/jord-

och-skogsbruk-fiske/vattenbruk/vattenbruk/), the Ministry of Environment and Food of 

Denmark (https://fiskeristyrelsen.dk/fiskeristatistik/akvakulturstatistik/), the Natural 

Resources Institute of Finland 

(http://statdb.luke.fi/PXWeb/pxweb/en/LUKE/LUKE__06%20Kala%20ja%20riista__02%20

Rakenne%20ja%20tuotanto__10%20Vesiviljely/?tablelist=true&rxid=ef8a2896-d6cb-4660-

a8aa-fee93bd4212f), and the data for Germany using the Food and Agriculture Organization 

of the United Nations (FAO) fish statistics 

(http://www.fao.org/fishery/statistics/software/fishstatj/en#downlApp) and from a plant 

manager in Kiel Bay. Overall finfish production data in the Baltic Sea were collected from 

HELCOM (http://maps.helcom.fi/website/mapservice/?datasetID=3cfa469a-6a78-4913-b82f-

57fd0e7f4dc0).  

BHI regions were assigned to the country production reporting regions by visually linking the 

two for Sweden, Denmark, and Finland. Production for Germany was split equally among all 

German BHI regions.  

Reference point 

In 2016 HELCOM Contracting Parties adopted Recommendation 37/3 on “Sustainable 

aquaculture in the Baltic Sea Region”. However, the only parameter that could be used as 

reference point for Mariculture subgoal in the Baltic Sea (that can be also found on Finfish 

Mariculture data provided by HELCOM) is the maximum nutrient discharge for phosphorus 

(P) and nitrogen (N), where existing and new marine fish farms should not exceed the annual 

average of: - 7g of P (tot-P) - 50g of N (tot-N) per 1kg fish (living weight) produced. (The 
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nutrient limit values (P and N) are calculated on the basis that living fish contains 0,4% of 

phosphorus and 2,75% of nitrogen.). However, there is currently very limited data on nutrient 

discharge in the Baltic Sea (only data provided by HELCOM on finfish mariculture include 

nutrient discharge) and most of the data were based on estimates, as nutrient inputs from fish 

farms in Denmark were calculated on the basis of production data, and some values that were 

missing on nutrient input in Sweden were calculated by SCB, Statistics Sweden based on 

average input/ amount produced fish.  

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/MAR/v2019/mar_prep.md 

 

3.6 Livelihoods & Economies 

3.6.1 Economies  

Goal Description 

The Economies goal captures the economic value associated with marine industries using 

revenue from marine sectors. Currently, it is composed of a single component: revenue (Gross 

Value Added). Gross value added (GVA) is defined as the value of output less the value of 

intermediate consumption. It is used to measure the output or contribution of a particular sector. 

Ideally, the economic sub-goal would also incorporate information on the sustainability of the 

different marine sectors. 

Model & Data 

Data for each country were downloaded from the “2020 EU Blue Economy Report”, which 

provided 2009 and 2018 marine sector-specific revenue data (GVA) among other metrics, in 

the country-specific Appendices. The report also identified the potential for Blue Growth in 

each of the EU Member States (MS) of the Baltic Sea Region (BSR) as well as at sea-basin 

level.  

(Due to a lack of data, Russian regions (19, 22, 33) have NA scores for this sub-goal). 

Because the Blue Economy Report 2020 contains GVA values only for 2009 and 2018, the 

actual annual growth rates are not known and instead a constant annual growth rate (AGR) 

across the 9 years is estimated using the formula: 

[AGR = \Bigg(\frac{FinalValue}{BeginningValue}\Bigg)^{\Big(1/numYears\Big)} - 1] 

Thus, all years between 2009 and 2018 will have the same status and trend values within a 

given country. 

The goal model compares the estimated annual growth rate per sector to the target (1.5% 

between 2010 and 2020, as envisioned in the Report), calculating status first per sector. The 

overall status is then calculated as the average of the sector-statuses, weighted by relative 

contribution of the sectors to the country’s total marine-related economic revenue. 
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[Status = \sum_{Sectors}{\big((SectorRevenue/TotalRevenue) \cdot SectorStatus}\big)] 

[SectorStatus = \begin{cases} 0 & \hspace{10pt} SectorAGR \leq -1.5 \ 100/3 

\hspace{2pt}\cdot \hspace{2pt} SectorAGR \hspace{3pt} + \hspace{3pt} 50 & \hspace{10pt}-

1.5\leq SectorAGR \leq 1.5 \ 100 & \hspace{10pt} 1.5\leq SectorAGR \end{cases} ] 

Trend of this goal is the weighted average of the growth rates of each sector by their relative 

contribution to the total revenue, where the sector growth rates are the annual growth rates 

(AGR) estimated from 2009 and 2018 GVA data. 

[Trend = \sum_{Sectors}{\big((SectorRevenue/TotalRevenue) \cdot SectorAGR}\big)] 

Reference points 

As reference points we used a 1.5% annual growth between 2010 and 2020, as envisioned in 

the EU Blue Economy report.  
 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/ECO/v2019/eco_prep.md. 

3.6.2 Livelihoods 

Goal Description 

The Livelihoods sub-goal aims to describe livelihood quantity and quality for people living on 

the coast. In this assessment livelihoods includes the number of jobs in different marine related 

sectors. Ideally, this sub-goal would speak to the quality and quantity of marine jobs in an area. 

It would encompass all the marine sectors that supply jobs and wages to coastal communities, 

incorporating information on the sustainability of different sectors while also telling about the 

working conditions and job satisfaction. 

Due to a lack of sector-specific employment information, the BHI currently uses employment 

rates in the Baltic coastal regions (derived from employment rates across all sectors within 

NUTS2 level statistical regions) to represent ocean-dependent livelihood. Data from Eurostat 

at the sub-national NUTS2 level were used as employment data were not available at the finer-

resolution NUTS3 regions. The assumption of this representation is that employment rates in 

marine sectors mirror those in the regions' economies overall. Subsequent iterations of the BHI 

may use Blue Growth Report employment data if regional data are provided (needed e.g. to 

distinguish between employment on Baltic versus North Sea coasts). Such data would more 

accurately represent the societal value derived from marine livelihoods in the Baltic Sea. 

Model & Data 

We downloaded Eurostat regional-level employment rates 

(https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=lfst_r_lfe2emprt&lang=en) and 

populations 

(https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=demo_r_gind3&lang=en) from 

Page 64 of 76People and Nature: Confidential review copy



 20 

most recent years and selected a subset of years based on years included in the Economies 

sub-goal status, which is based on the Blue Growth reports.  

(These employment data were not available for Russia). 

Regional employment numbers are derived using NUTS2 employment rates and population 

density information: NUTS2 employment percentages are multiplied by the population in the 

25km inland buffer associated with a BHI region. These employment numbers are summed 

across all areas (NUTS2 regions intersected with BHI regions, see map below) associated with 

a BHI region to get an estimate of the total number employed people in the BHI region. BHI 

regional employment rate is calculated as number of people employed divided by population 

of the BHI region. For country data, we have employment rate data directly. 

 

 

Map of BHI regions 25-km inland buffer, intersected with NUTS2 regions. Employment rates for the BHI regions are estimated from 

employment rate and population density data provided at NUTS2 level, and re-aggregated to BHI regions using the polygons shown here.  
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Reference points 

Reference point is maximum Region:Country employment ratio of the past five years, and 

highest country employment in the last fifteen years (77.4%). The region-to-country ratio puts 

the value into local context, then adjusting with respect to highest country employment rate in 

the last fifteen years from around the Baltic Sea situates the ratio in broader geographic context. 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/LIV/v2019/liv_prep.md 

 

 

3.7 Natural Products 

Goal Description 

This goal measures how sustainably people harvest non-food products from the sea. From 

seashells and sponges to aquarium fish, natural products contribute to local economies and 

international trade. For the BHI, sprat was included as a natural product because it is often used 

for fish meal production or animal food. 

Model & Data Overview 

The data used for this goal are composed of total sprat spawning biomass (SSB) and fishing 

mortality (F) data. The current status is calculated exactly as described in the Fisheries goal. 

The spawning biomass data have been accessed from the ICES homepage 

(http://standardgraphs.ices.dk/ViewCharts.aspx?key=12942) by searching for ‘sprat’ > specify 

the ecoregion as Baltic Sea > search for the 2019 assessment. 

Reference points 

The reference point used for the computation are based on the MSY principle and are described 

as a functional relationship. MSY means the highest theoretical equilibrium yield that can be 

continuously taken on average from a stock under existing average environmental conditions 

without significantly affecting the reproduction process (European Union 2013, World Ocean 

Review 2013). 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/FIS/v2019/fis_np_prep.md.  

 

3.8 Sense of Place 

3.8.1 Iconic Species 
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Goal Description 

Iconic species are those that are relevant to local cultural identity through a species’ relationship 

to one or more of the following: 1) traditional activities such as fishing, hunting or commerce; 

2) local ethnic or religious practices; 3) existence value; and 4) locally-recognized aesthetic 

value (e.g., touristic attractions/common subjects for art such as whales). Habitat-forming 

species are not included in this definition of iconic species, nor are species that are harvested 

solely for economic or utilitarian purposes (even though they may be iconic to a sector or 

individual). This sub-goal captures the status of species that are important to a region because 

they are relevant to local cultural identity. 

For the BHI, a survey identified the following iconic species: 

• Cod 

• Flounder 

• Herring 

• Perch 

• Pike 

• Salmon 

• Trout 

• Sprat 

• Grey seal 

• European otter 

• Harbour seal 

• Harbour porpoise 

• Ringed seal 

• White-tailed sea eagle 

• Common eider 

Model & Data 

The status of iconic species was evaluated using species observational data from the HELCOM 

database. A subset of species identified as culturally significant in the region included eight fish 

(cod, flounder, herring, perch, pike, salmon, trout, and sprat), five mammals (grey seal, harbour 

seal, ringed seal, harbour porpoise, and European otter), and two birds (sea eagle and common 

eider). The status of each of these iconic species is a numeric weight corresponding to their Red 

List threat category (ranging from “extinct” to “least concern”) of the International Union for 

Conservation of Nature (IUCN). 

HELCOM provides species checklists for the Baltic that include distribution and a complete 

list of all species assessed with IUCN criteria. Species were assigned a threat category (ranging 

from “extinct” to “least concern”) and assigned a weight. The goal score is the average weight 

of all species assessed. 

Reference points 

A maximum score of 100 will be achieved in the case when all species are categorised as ’Least 

Concern’. 

 
For more information see:  
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https://github.com/OHI-Science/bhi-prep/blob/master/prep/ICO/v2019/ico_prep.md. 

 

3.8.2 Lasting Special Places 

Goal Description 

The Lasting Special Places sub-goal focuses on those geographic locations that hold particular 

value for aesthetic, spiritual, cultural, recreational or existence reasons, and assesses how well 

they are protected. For the BHI, the designation and management of marine protected 

areas (MPAs) captures the commitment of a country to preserving areas of biological, 

aesthetic or ecosystem service value. The designation of MPAs is also included in 

international agreements, such as the Convention on Biodiversity’s target for the designation 

of 10% of exclusive economic zones (EEZs) to be in MPAs. 

Model & Data 

The model assesses the area of MPAs in each BHI region, and their management status. 

Management status are broken down to three categories and weighted on a 0-1 scale: 

• 0.1 = designated 

• 0.4 = designated and partly managed 

• 1.0 = designated and managed 

Both MPA area and management status data were downloaded from the HELCOM MPA 

website. 

Reference points 

The designation of at least 10% of a BHI region area as MPAs with a full management plan 

(scale = 1). 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/LSP/v2019/lsp_prep.md 

3.5 Tourism 

Goal Description 

Tourism in coastal areas is a major component of thriving coastal communities and a measure 

of how much people value ocean systems, i.e. by traveling to coastal and ocean areas. This goal 

is not about the revenue or livelihoods that are generated by tourism and recreation (that is 

captured in the livelihoods and economies goal), but instead captures the value that people have 

for experiencing and enjoying coastal areas. A score of 100 means a region utilizes its full 

recreational potential without harming the ecosystem.  

 

In the BHI, we used data on coastal accommodations (nights stayed in tourist accommodation 

establishments, in coastal regions) and coastal tourism revenue (gross value added) from the 

EU Study on Blue Growth (see below). Economic activities categorized under either 
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Accommodation or Transport in the Coastal Tourism sector were included. No sustainability 

measure of coastal tourism on the Baltic Sea scale was found, and thus this dimension was not 

included.  

Model & Data 

Country-level data were downloaded from the “EU-Study on Blue Growth, Maritime Policy 

and the EU Strategy for the Baltic Sea Region”  

(https://webgate.ec.europa.eu/maritimeforum/node/3550), which identified the potential for 

Blue Growth in each of the EU Member States (MS) of the Baltic Sea Region (BSR) and at sea 

basin level. The tourism model also incorporates the nights of stay in accommodations in 

coastal regions, which used Eurostat dataset on nights spent at tourist accommodation 

establishments by coastal and non-coastal area 

(http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=tour_occ_nin2c&lang=en). 

The status is the ratio of coastal tourism revenue relative to the coastal accommodations per 

area, scaled by the reference point. 

Reference points 

In order to scale the ratio values between zero and one, we used the highest ratio across all 

countries in a ten-year timeframe as the reference point. The lowest score was fixed as the lower 

end point. 
 

For more information see:  

https://github.com/OHI-Science/bhi-prep/blob/master/prep/TR/v2019/tr_prep.md. 

 

4 PRESSURES 

Table 3: The Baltic Sea specific pressure ranking table with ‘high’ (score = 3), ‘medium’ (score 

= 2) or ‘low’ (score = 1) impacts on the goal or sub-goal (Halpern et al 2012). The 

goals/subgoals are listed vertically: Artisanal fishing opportunity (AO), Carbon storage (CS), 

contaminants (CON), eutrophication (EUT), trash (TRA), economy (ECO), fishery (FIS), 

Iconic species (ICO), livelihood (LIV), lasting special places (LSP), mariculture (MAR), 

biodiversity (BD), Tourism (TR) and natural products (NP) The different pressures are listed 

horizontally: sea surface salinity (SSS), sea surface temperature (SST), anoxic area (anox), oil 

spills (oil), bottom trawling (trawl), invasive species (invasi), total nitrogen load from land 

(N_l), total phosphorus load from land (P_l), inversive secchi depth (secchi), atmospheric load 

of PCB153 (pcb), trash pollution from land (trash), world governance index (WGI).      

Goal SSS SST anox oil trawl invasi N_l P_l secchi pcb trash WGI 

AO 2 2 
    

2 2 
 

2 2 
 

CS 2 2 
    

2 2 
 

1 
  

CON 
   

2 
     

3 
  

EUT 
      

3 3 
    

TRA 
          

3 1 

ECO 
          

1 1 
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FIS 2 2 2 2 
  

2 2 
 

2 2 
 

ICO 2 2 2 2 
 

2 
   

2 
  

LIV 
          

2 1 

LSP 
   

2 
    

2 
 

2 1 

MAR 2 2 
 

1 
  

1 1 
 

2 
  

BD 2 2 2 
 

3 2 3 3 
 

2 2 
 

TR 
 

2 
      

2 
 

3 1 

NP 
  

2 2 
  

2 2 
 

2 2 
 

 

5 RESILIENCE 

Management of the Baltic Sea is strongly driven by the European Union (EU), as eight of the 

nine bordering countries are members (i.e., all except Russia). Several legislative frameworks 

related to marine governance in the EU indicate ecosystem-based management (EBM) as their 

strategic approach – an approach including humans as an integral part of the socio-ecological 

system. The most comprehensive in this regard is the EU Marine Strategy Framework Directive 

(MSFD) (EU 2008), with the overall aim to achieve Good Environmental Status (GES) of the 

union’s marine waters by 2020, and to protect the resource base upon which marine-related 

economic and social activities depend. Several other legislative acts and policies (e.g. EU Water 

Framework Directive, EU Maritime Spatial Planning Directive, EU Recommendation on 

Integrated Coastal Zone management3, the Habitat Directive, the Common Fisheries Policy1, 

EU Blue Growth strategy for the Baltic Sea region) address management with similar intention 

to secure livelihoods and catalyse marine and coastal-based economies. In addition, the Baltic 

Sea Action Plan (BSAP) (HELCOM 2007), is an agreement among the nine Baltic Sea 

countries to achieve GES for the Baltic Sea by the year 2021.  

For the compliance analysis data, 15 sources of legislation were analyzed from which 13 are 

European Union (EU) and 2 international laws.
1 

The analysis of each of the 15 sources of 

legislation was carried out in 5 progressive steps.  

The first step was to map within the referred legal framework all the direct and clear 

compliance obligations established by the legislator. For instance, when the law says Member 

States shall report... the legislator choice of word (shall) clearly gives an order (an obligation). 

Another common clear obligation are the timeframes established in the law, which Member 

States and Commission have to obey, e.g. specific dates, or use of the terms yearly/annually 

etc. Once concluded this mapping phase the next step is to search and find reports of compliance 

to each law for each country analyzed.  

The second step focused in searching for the EU Commission or the Helsinki Convention 

Commission (Helcom) reports about the Baltic countries
2 
compliance to each law analyzed. For 

the EU law, the search was carried out at the EU Commission homepage: 

http://ec.europa.eu/environment and in the Communication and Information Resource Centre 

for Administrations, Businesses and Citizens (CIRCABC) at the homepage: 

https://circabc.europa.eu . For the Baltic Sea Convention and the Baltic Sea Action Plan the 

search was carried out at: http://helcom.fi .  
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The results of search can be divided in 6 categories: 

i) A report was found for each country analyzed, which was drafted by  

the EU Commission or the Helcom;  

ii) A general report was found without countries’ information, which was drafted by the EU 

Commission or the Helcom;  

iii) A report was found for each country analyzed, which was drafted by contractors of the EU 

Commission or the Helcom;  

iv) A general report was found without countries’ information, which was drafted by 

contractors of the EU Commission or the Helcom;  

v) A national report was found;  

vi) No report was found. 

In order to establish the same approach to all legislation and countries  

assessed under the compliance analysis, only the reports found in the categories i, iii and v were 

considered for this assessment. However, the reports drafted by the reporting countries 

(category v) were only used to verify compliance regarding the obligation to report (when this 

was the case). Therefore, for other legal obligations mapped, the country was considered not 

assessed (NA) by the Commissions or their contractors, since only a national report was found.  

After selecting which report should be used in the analysis, the map of obligations of the law 

in reference (described in step 1) was used to analyze the content of the selected reports for 

compliance verification, which consist the next step.  

In the third step, the obligations mapped and the information contained in the reports were 

crossed, resulting in the determination of the compliance components items, its assessment and 

scoring.  

The obligations or pressures were identified as a result of crossing references with the reports’ 

objectives and legal obligations and they were classified as compliance components.  

The fourth step consists in scoring compliance for the referred obligations or pressures, 

crossing the information contained in the reports analyzed and the legal obligations for each 

compliance component. The conclusion was a score and a justification (see in the ‘Resilient 

Data’ file the fields: compliance component, compliance text, compliance text reference and 

comments).  

The justification of such score was through several different ways. For instance, though a 

quotation of a sentence of the report analyzed, or/and a citation of the legal reference (article) 

correspondent, or/and simply a synthesis of the information found in the report, or/and the page 

where to find this information in the report. Therefore, if the reader wants to confirm such 

compliance (or non- compliance), the information added in the ‘Resilient Data’ file should be 

enough to guide the reader.  
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The score system adopted had 4 different scores: FULL, PARTIAL, FAIL and NA. FULL score 

was only given when the country in reference fully complied with the law. PARTIAL score 

represents from 1% up to 99% of compliance with the legal text, therefore if a country was 

almost failing or succeeding to comply with the law the score was the same. FAIL score was 

given when the country had an obligation to report but it did not obey or, when it did not follow 

the legal instructions respecting thresholds or minimum legal standards or, when it fail to take 

action when it was required to. NA score stands for not applicable, which represents either a 

lack of information in the report regarding specific obligation or the compliance was not 

assessed at all.  

The fifth step was to elaborate a report about the law and reports assessed with detailed 

information and possible instructions for the readers. These reports were named ‘Notes to the 

report (report name)’.  

1 
The legislation analyzed were from the EU: Water Framework Directive (WFD), Maritime Spacial Planning 

Directive (MSPD), Marine Strategy Framework Directive (MSFD), Habitat Directive (HD), Birds Directive 

(BIRDS), Common Fisheries Policy Regulation (CFP), National Emissions Ceilings Directive (NEC), Industrial 

Emissions Directive (IED), Urban Waste Water Treatment Directive (UWWTD), Bathing Water Directive 

(BWD), Registration, Evaluation, Authorisation and Restriction of Chemicals Regulation (REACH), Nitrate 

Directive (ND), Persistent Organic Pollutants Regulation (POP); and international: the Helsinki Convention and 

the Baltic Sea Action Plan (BSAP).  

2 
For the EU legislation, the countries analyzed were Denmark, Estonia, Finland, Germany, Latvia, Lithuania, 

Poland and Sweden. For the Helsinki Convention and the Baltic Sea Action Plan (BSAP), the countries analyzed 

were Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Sweden and Russia.!  

 

 

Table 4. Institutional resilience information: Resilience captures the capacity of pressures to be 

offset by regulations/laws. The following legislations were incorporated into BHI resilience 

scores. There are three components to goal-specific regulation resilience: (1) existence, (2) 

compliance, (3) enforcement. Note: IED and MSPD, while having compliance components 

cannot currently have compliances assessed as the deadlines for compliance and reporting have 

only just recently occurred or have not occurred yet (are 2016 dates). 

 

Legislation Jurisdiction 

and countries 

analyzed 

Regulation type 

Water Framework Directive (WFD) European 

Union: 

Denmark, 

Estonia, 

Finland, 

Germany, 

Latvia, 

Lithuania, 

Poland and 

Sweden 

Existence and 

compliance 

Maritime Spatial Planning Directive (MSPD) 

Marine Strategy Framework Directive 

(MSFD) 

Habitat Directive (HD) 

Birds Directive (BIRDS) 
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Common Fisheries Policy Regulation (CFP) 

National Emissions Ceilings Directive (NEC) 

Industrial Emissions Directive (IED) 

Urban Waste Water Treatment Directive 

(UWWTD) 

Bathing Water Directive (BWD) 

Registration, Evaluation, Authorisation and 

Restriction of Chemicals Regulation 

(REACH) 

Nitrate Directive (ND) 

Persistent Organic Pollutants Regulation 

(POP) 

Helsinki Convention International:  

Denmark, 

Estonia, 

Finland, 

Germany, 

Latvia, 

Lithuania, 

Poland, Sweden 

and Russia 

Existence and 

compliance 

Baltic Sea Action Plan (BSAP) 

 

Table 5: The weight for each regulation in the resilience assessment. 

Directive Type Weight 

WFD regulatory 1 

HD regulatory 1 

MSFD regulatory 2 

HELCOM regulatory 2 

BSAP regulatory 2 

REACH regulatory 2 

POP regulatory 2 

CBD regulatory 1 

CITES regulatory 1 

CFP regulatory 2 

COP21 regulatory 1 
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MSPD regulatory 2 

BWD regulatory 1 

BIRDS regulatory 2 

ND regulatory 1 

UWWTD regulatory 1 

NEC regulatory 1 

IED regulatory 1 

 

 

 

 

 

 

 

 

Fig 3. Institutional resilience scoring (G) based on the direct importance for each goal and 

weighted by the compliance assessment quality shown for each country 
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6 LIKELY FUTURE STATUS 
 

Table 6. Likely future status based on the trend, cumulative pressure and resilience (see 

method). The red and down arrow symbols indicate when the future status is below the current 

status. The positive arrows (green) indicate when the future status is higher than the current 

status.   
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A Baltic Health Index to assess the health and benefits of the Baltic Sea 

Many environmental assessments ask ‘what are the components of a healthy ecosystem, 
and how are they faring in the region’ and leave it to others to question how these supply 
value to society. The Ocean Health Index (OHI) framework asks first ‘what do humans value 
about these environments or ecosystems,’ and then ‘which components allow or diminish 
the ability of the ocean to supply these things?’ 

Reframing and quantifying status of oceans from a perspective of human-and-nature 
interactions powerfully supports a capacity to weigh priorities and effectively examine 
trade-offs between the different uses. This capacity is critical for modern ocean resource 
management, given the many ways people use oceans, the complex impacts of these uses 
on ocean environments, and the need for public policy to serve multiple goals and interests 
(e.g., species conservation, food production, aesthetic and cultural values, recreation, 
economic growth). 

Based on the OHI framework, the Baltic Health Index (BHI) builds on established and 
regularly updated environmental, ecological and social datasets, to comprehensively assess 
the health of the Baltic Sea. We use open science tools and collaborate with a network of 
scientists, environmental management authorities and representatives from non-
governmental organizations to ensure an objective, representative, transparent and well-
informed assessment. In this paper, we present the complete process, methods, and results 
from the first BHI assessment.

Collectively, the BHI details an unhealthy relationship between ecosystems and social 
systems of the Baltic Sea. There have been small improvements, for example in cleanliness 
of the water and fish stocks. However, the Baltic Sea overall falls short of management 
objectives by 24%, and some subbasins fall short by nearly 45%. 

While it is not perfect, the BHI provides a robust platform for a constructive dialogue on 
strengths and weaknesses and the required next steps to improve the assessment. For more 
detailed results and to join the discussion, visit our Shiny app at https://baltic-
ohi.shinyapps.io/dashboard/. 

As the first trans-boundary application of the OHI framework in a region governed by a 
multitude of comprehensive national and international policies, the BHI can serve as an 
example for areas with similar policy landscapes in Europe and beyond. 
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A schematic figure of the Baltic Health Index 
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