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• Ecosystem service (ES) assessment and 
mapping in the Baltic Sea are mainly 
qualitative. 

• A collaborative effort between the Baltic 
countries is essential. 

• It is necessary to standardize the prac- 
tices regarding ES in the Baltic Sea. 

• Hydrodynamic and ecologic models will 
increase the quality of the ES assessed. 
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a b s t r a c t 

The Baltic Sea is essential for marine ecosystem services (MES) provision and the region’s socio-economic dy- 
namics. It is considered one of the busiest and most polluted regional seas in Europe. In recent years a collective 
effort in enforcing European and regional environmental policies and directives (e.g. Water Framework Direc- 
tive 2000/60/EC, 2000; Marine Strategy Framework Directive 2008/56/EC, 2008; Maritime Spatial Planning 
Directive 2014/89/EU, 2014) has been carried out. Ecosystem Services assessment and mapping is integrated 
into these directives. An increasing number of scientific studies, projects, and other works were developed in this 
context, generating a vast body of knowledge. Despite all efforts to improve the Baltic Sea’s environmental status, 
the targets established were not fulfilled. It is also important to analyze if current methodological approaches for 
assessing and mapping MES are robust enough to provide the needed results. This perspective paper analyses the 
status of assessment and mapping methodologies. The results showed that most of the studies were focused on 
qualitative assessments, with limited validation and reliability. Although the number of robust and quantitative 
works is increasing, more are needed. It is vital to carry out quantitative assessments to inform decision-makers 
better and standardize MES practices across the Baltic Sea. 
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. Background 

Most of the world’s population is living near the coast
 Luijendijk et al., 2018 ) and intrinsically connected and dependant
n the marine environment ( Agardy and Alder, 2005 ). The enormous
iversity of marine species and habitats, and their ecological processes
nd functions, are responsible for generating a vast array of ecosystem
oods and services ( Costanza et al., 1997 ; Millennium Ecosystem
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ssessment, 2005 ). Ecosystem services (ES) are defined as “the benefits

ature provides to humans ” ( Millennium Ecosystem Assessment, 2005 ).
ccording to the Common International Classification of Ecosystem
ervices (CICES) ( Haines-Young and Potschin, 2018 ) ES is divided into
hree categories — provisioning, regulating, and cultural, covering all
spects of socio-ecologic systems ( Inácio et al., 2018 ). The ES provided
y marine ecosystems (MES) is recognized for playing an essential role
n supporting human wellbeing and driving socio-economic develop-
ent ( Martínez et al., 2007 ). Marine ecosystems were mainly seen as a

ource of nutritional and ornamental values. However, their importance
ained a more prominent role following humanity’s socio-economic and
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echnological advances ( Barbier, 2017 ). Nowadays, MES constitute the
asis of many socio-economic systems around the world ( Hattam et al.,
015 ). 

The Baltic Sea Region is an example where MES’s provision is an
ssential driver of socio-economic wellbeing ( Ahtiainen et al., 2013 ,
019 ). The region’s history and cultural identity are intrinsically con-
ected to the Baltic Sea. In the past, the main economic activities
onnected to the Baltic Sea were fisheries and maritime commerce
 Håkanson et al., 2003 ; Lajus et al., 2013 ). Other activities, such as
quaculture, energy, and tourism, emerged as new important socio-
conomic drivers ( Schultz-Zenhden and Matczak, 2012 ). Overall, the
altic Sea constitutes the basis of many of the Baltic countries’ socio-
conomic systems ( Hasler et al., 2016 ). This importance is expected to
ncrease in the European Green Deal and Blue and Green Growth Eu-
opean Agendas. Nevertheless, despite its importance, the sustainable
rovision of ES in the Baltic Sea, like most marine ecosystems world-
ide, is at risk ( Ahtiainen and Öhman, 2014 ; HELCOM, 2018a ). An an-

hropogenic driven environmental degradation led to a decrease in the
cologic and environmental status of the Baltic Sea ( HELCOM, 2018a ).
xcess of nutrients causing eutrophication events (e.g. agriculture), and
azardous substances in the sediments (e.g. urban and industrial dis-
harges), caused by the reduced capacity of the terrestrial ecosystems
o filter toxins and pollutants, are associated causes of environmental
egradation in the Baltic Sea ( HELCOM, 2018a ; Reusch et al., 2018 ). The
ntroduction of invasive species, loss of nursery grounds, and overfish-
ng are some of the anthropogenic impacts in the Baltic Sea ( Mik š a et al.,
020 , 2021 ; Swain, 2017 ). The cumulative effect of these impacts jeop-
rdizes the Baltic Sea’s capacity to provide ES in quantity and quality,
utting at risk the livelihoods of coastal communities and the countries’
ocio-economic systems ( Hasler et al., 2016 ). 

Therefore, restoring the Baltic Sea’s environmental and ecological
tatus is a priority and a necessity, which can only be achieved in a
oordinated effort between the countries ( Elmgren et al., 2015 ). The
ecade 2021–2030 is, according to the United Nations, the decade
or restoration ( www.decadeonrestoration.org ). The Baltic Sea is a
egion of the world where this strategy needs to be implemented
ith urgency. A great effort was carried out in the region and is

onsidered to be on the frontline in terms of coastal and marine
anagement ( Schernewski et al., 2018 ). Besides enforcing multiple
uropean Directives and policies like the Water Framework Direc-
ive (WFD) ( Directive 2000/60/EC, 2000 ), Marine Strategy Frame-
ork Directive ( Directive 2008/56/EC, 2008 ), Integrated Coastal Zone
anagement ( EC, 2000 ), and Maritime Spatial Planning Directive

 Directive 2014/89/EU, 2014 ), there are also regional efforts such the
uropean Union Strategy for the Baltic Sea Region ( European Com-
ission, 2012 ). Several studies recognize the importance of assessing

nd mapping MES in supporting the achievement of the mentioned
olicies (e.g. Grizzetti et al., 2016 ; Lester et al., 2013 ; O’Higgins and
ilbert, 2014 ). However, most of the studies conclude that more robust
ethodological approaches are needed to improve results’ reliability.
his is key to extend the importance of MES assessment and mapping in
upporting decision-making processes and making the results of studies
ore credible. 

Several works were focused on identifying and summarizing infor-
ation on MES (e.g. Ahtiainen and Öhman, 2014 ; Ahtiainen et al., 2010 ;
asler et al., 2016 ; Söderqvist and Hasselström, 2008 ). However, there

s a lack of information available regarding mapping and assessment ef-
orts in the Baltic Sea from a methodological perspective. This perspec-
ive paper aims to contribute to this respect, providing (1) an overview
f MES in the Baltic Sea, (2) analysing the assessment and mapping
ethodologies, and (3) elaborating on a perspective view of future re-
earch needs and directions. 2

257 
. The Baltic Sea region 

.1. Environmental and socio-economic setting 

The Baltic Sea is one of the largest semi-enclosed water bodies in
he world. It covers an area of 392,978 km 

2 , and it drains a basin
our times larger than its dimensions. Approximately 1,633,290 km 

2 

 Leppäranta and Myrberg, 2009 ) ( Fig. 1 ). Receives freshwater inputs
rom some of Europe’s largest rivers (e.g. Oder, Vistula, Nemunas) and
as a restricted connection with the Atlantic Ocean. The Baltic Sea is a
ow salinity brackish-like water body ( Hordoir and Meier, 2010 ). The
verage depth is 54 m, the deepest part (Gotland Deep) reaches 459
 ( Leppäranta and Myrberg, 2009 ). The Baltic Sea supports a reduced
umber of species but supplies a high number of individuals. It is esti-
ated to host a total of 328 biotopes ( HELCOM, 2013 ) and 2700 macro-

copic species and uncountable microscopic species ( HELCOM, 2018b ).
ome of the largest coastal lagoons in Europe are located in the Baltic
ea, which provides nursery, spawning grounds, and refugia for various
altwater and freshwater fish species ( Newton et al., 2014 ). 

The Baltic Sea Region consists of nine countries: Denmark, Swe-
en, Finland, Russia, Estonia, Lithuania, Latvia, Germany, and Poland.
owever, Baltic Sea catchments drain also areas located in Czech Re-
ublic, Slovakia, Belarus, Ukraine, and Norway. It is home to almost
5 million people (20 million living within 10 km from the coast)
 Omran and Negm, 2020 ) and has a very rich and diverse environment
n terms of historical, political, cultural, social, and economic aspects
 Maciejewski, 2002 ) ( Fig. 1 ). Hence, common to the nine countries in
he Baltic Sea’s role as the primary driver of their socio-economic ac-
ivity. The Baltic Sea is one of the most used and busiest sea areas
lobally ( Madjidian et al., 2013 ) and supports an enormous array of
conomic activities ( HELCOM, 2018c ). Fisheries are perhaps the old-
st socio-economic activity in the Baltic Sea and still one of the most
mportant. According to the report "The 2019 Annual Economic Report
n the EU Fishing Fleet", approximately 632 538 tons of fish and shell-
sh were landed with an economic value of about 217 million euros
 STECF, 2019 ). Aquaculture is a rising socio-economic activity in the
altic. Presently there are 332 aquaculture sites in the Baltic Sea. Den-
ark, Finland, and Sweden invest more in this activity ( STECF, 2018 ).
he aquaculture sector is expected to increase following the European
ommission Blue Growth agenda and the EU Baltic Sea Region strate-
ic plans ( European Commission, 2017 ). Maritime transportation is also
ne of the oldest socio-economic activities. Historically, the Baltic Sea
as the Hanseatic League ’s main route, a commercial and defensive con-

ederation of merchants ( Guzikova, 2020 ). The transportation of goods
ithin and outside of the Baltic Sea region is essential, supporting many

conomic sectors. Madjidian et al. (2013) reported that up to 15%
f the world’s cargo is handled in the Baltic Sea. Another important
ector is passenger transportation. Several internal lines comprised in
015, 46% of all port visits ( HELCOM, 2018c ). Another essential socio-
conomic activity is coastal tourism. The diversity of landscapes across
he Baltic Sea allows different types of tourism ( Baltranait ė et al., 2017 ;
rigelis, 2013 ). Popular activities include beach tourism, recreational
shing, hiking, snorkelling. Tourism activities generate 3.2% GDP in
he Baltic Sea Region ( State of the Tourism Industry in the Baltic Sea
egion, 2019 ). Finally, another emerging economic activity is related

o the energy sector. In the Baltic Sea, both renewable (e.g. wind farms)
nd non-renewable (oil rigs) energy sources are exploited. With all
he related infrastructure, including cables, pipes occupy a consider-
bly large area in the Baltic Sea ( HELCOM, 2018d ). Through offshore
ind parks, renewable energy expansion is expected to increase in the
altic Sea following the European Green Deal ( European Commission,
019 ). 

http://www.decadeonrestoration.org
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Fig. 1. Baltic Sea Region and its catchment area. 
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. Ecosystem services of the Baltic Sea 

.1. Provisioning services 

Provisioning services include all outputs from animals, plants, and
cosystems, which can be used for nutrition, materials, or energy
 Maes et al., 2015 ). The Baltic Sea provides nutritional outputs from
ild and farmed fish, shellfish, and plants (algae). Wild seafood (fish and

hellfish) are fundamental components of the diet of Baltic countries.
any fish and shellfish species are extracted from the Baltic Sea, with

he most relevant commercial fish species being cod, sprat, and herring,
omprising 95% of all fisheries in the Baltic ( HELCOM, 2018d ). Fur-
hermore, the provision of wild seafood is also essential for many socio-
conomic activities, including the fishery sector, tourism, and recre-
tion ( Garpe, 2008 ). Nutritional outputs from farmed fish and shell-
sh have gained importance in the last decades ( Ahtiainen and Öh-
an, 2014 ). The most important species are salmon, trout, and blue
ussels ( STECF, 2018 ). The farming of plants (macroalgae) for nutri-

ional purposes is not so well developed in the Baltic Sea, with only
 few farms operating in Germany, Denmark, Sweden, and Estonia
 Kotta et al., 2020 ). The Baltic Sea also provides wild plants which are
sed as building materials ( Garpe, 2008 ). One example is the reed har-
est. In all countries, reed is still harvested nowadays for the traditional
oof building or other building applications ( Köbbing et al., 2013 ). Wild
lants, namely beach wrack accumulated at the beach, can also be po-
entially used to produce bioenergy ( Weinberger et al., 2019 ). Further
se of beach wrack in the Baltic Sea is currently being explored in the
ecent “CONTRA (Conversion of a Nuisance to a Resource and Asset)
roject ( www.beachwrack-contra.eu ). Another important provisioning
ervice the Baltic Sea provides is the extraction of mineral resources.
and is extracted in the Baltic Sea for construction or beach nourish-
 d  

258 
ent purposes ( Schwarzer, 2010 ). Furthermore, recent research shows
he existence of extensive mineral coverage in the Baltic Sea with the
otentials for exploration ( Kaikkonen et al., 2019 ). 

.2. Regulating and maintenance services 

Regulating & Maintenance services include all services related to
cological functions and processes that regulate and maintain provi-
ioning and cultural ES ( Maes et al., 2015 ). The ecologic capacity to
ltrate, remediate and remove nutrients, hazardous nuisances is one of
he most critical regulating services in the Baltic Sea ( Asmala et al.,
017 ) due to well-known problems of eutrophication and metal contam-
nations ( Swain, 2017 ). Another critical service is the system’s capacity
or sediment retention and stabilization ( Ahtiainen and Öhman, 2014 ).
his service contributes directly and indirectly to support other ES,
uch as recreation. The sediments accumulated at the beach replen-
sh or develop into new dunes and play an important role in coastal
rotection against flooding events. Also, the stabilization and reten-
ion of sediments play an essential role in the nutrient dynamics, re-
oving nitrogen, phosphorous and organic material ( Carstensen et al.,
020 ). Flood protection service is vital in the Baltic Sea. Habitats such as
eef structures, hard bottoms, seagrass meadows, and reed belts atten-
ate wave impacts, providing flood protection to coastal communities
 Liquete et al., 2013b ). This service is also of high importance due to
he future changes associated with climate change, including increased
xtreme weather events and sea-level rise ( Phil Graham et al., 2008 ).
he Baltic Sea capacity to provide wild seafood is tightly related to its
apacity to maintain nursery areas and populations. Coastal lagoons,
ays, fjords, and inlets as well as seagrasses, macrophytes, reefs, and
ther habitats, are essential to several species, such as perch, pike, floun-
er, and juvenile fish, by functioning as nursery and spawning grounds

http://www.beachwrack-contra.eu


M. Inácio, D. Karnauskait ė, E. Baltranait ė et al. Geography and Sustainability 1 (2020) 256–265 

(  

d  

t  

c  

B  

t  

(

3

 

e  

B  

s  

p  

i  

c  

s  

f  

i  

v  

b  

t  

f  

o  

e  

t  

t  

s
 

f  

s  

(  

N  

B  

a  

B  

m

3

 

U  

H  

m  

b  

e  

f  

s  

(  

m  

G
 

B  

p  

i  

a  

t  

i  

C  

r  

fi  

i  

(  

a  

i  

s  

T  

t  

t

4

 

c  

c  

2  

h  

B  

i  

s  

q  

p  

m  

v  

q  

t  

a
 

t  

(  

F  

s  

w  

y  

t  

e  

p  

o  

t  

i  

o

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Macura et al., 2019 ). Maintaining these areas is crucial to ensure bio-
iversity and fish production ( Kraufvelin et al., 2018 ). Another impor-
ant regulating service provided by the Baltic Sea is its influence on lo-
al and regional climate regulation. As an extensive body of water, the
altic Sea has an effect on climate regulation influencing air tempera-
ure ( Bergström et al., 2001 ) and has the capacity to sequester carbon
 Kuli ń ski and Pempkowiak, 2011 ). 

.3. Cultural services 

Cultural ES includes all intangible benefits from spiritual, experi-
ntial, and physical use of the environment ( Maes et al., 2015 ). The
altic Sea coast is a tourist destination. The diversity of landscapes and
eascapes allows for a wide array of tourism-related experiential and
hysical land and sea activities. Surfing, scuba diving, and birdwatch-
ng are some of the popular activities. Physical activities on land in-
lude beach tourism, hiking, and cycling along the coasts. Water-related
ports (e.g. surfing, kite surfing), sailing, and swimming are the pre-
erred activities ( Ahtiainen et al., 2019 ). The different historical, polit-
cal, and socio-economic backgrounds of all Baltic countries imprint a
ery diverse and rich marine-related culture and heritage, such as am-
er goods, underwater archaeology, a history of marine aids to naviga-
ion ( BRHC, 2013 ; Girininkas, 2010 ). Cultural heritage is an important
eature of the Baltic Sea ecosystems’ cultural services, the development
f unique local cultures ( Tagliapietra et al., 2020 ). For example, sev-
ral cultural events, such as sailing, gastronomic festivals, such as In-
ernational Hanseatic Days in Rostock, Germany, The Tall Ship Races in
he Baltic Sea, and multiple festivals are driven by nature as an infinite
ource of inspiration take place annually all around the Baltic. 

The Baltic Sea’s complex socio-ecologic system provides a plat-
orm for scientific and educational opportunities. A high number of re-
earch institutions annually produce hundreds of scientific publications
 Reusch et al., 2018 ). Several educational programs (e.g. Baltic Science
etwork and “Baltic Sea for the Curious ”) and research projects (e.g.
ONUS BaltCoast, SECOS Project, BONUS MARES, BONUS BALTICAPP
nd ROSEMARIE, ECOSERV) aim to contribute to a more sustainable
altic Sea by providing scientifically sound results to inform decision-
akers better. 

.4. Ecosystem services in the governance of the Baltic Sea 

National governments, governmental agencies, and the European
nion manage the Baltic Sea and its ES ( Ahtiainen and Öhman, 2014 ;
assler et al., 2013 ). Also, various international directives and agree-
ents influence Baltic Sea management. Therefore, the ES concept is

eing integrated into current policies at the global and European lev-
ls ( Bouwma et al., 2018 ; Hassler et al., 2019 ). ES approach is useful
or implementation of the requirements of the current policy targets,
uch as the MSFD, the WFD and the HELCOM Baltic Sea Action Plan
BSAP) ( HELCOM, 2007 ), Biodiversity Strategy 2030 ( European Com-
ission, 2020 ), and for the achievement of UN Sustainable Development
oals (SDG’s) ( UN, 2015 ). 

Despite the explicit dependency of a well-functioning and healthy
altic Sea, the environmental impacts of the socio-economic activities
ut the sustainable provision of ES at risk. Nowadays, the Baltic Sea
s considered to be one of the most heavily used and polluted marine
reas ( HELCOM, 2018c ) and is reported to be in a poor ecological sta-
us. To reverse the environmental degradation and increase the ecolog-
cal and environmental status, a joint effort coordinated by HELCOM
ommission set the Baltic Sea Region as an example in coastal and ma-
ine management ( Gilek et al., 2016 ). Still, several issues are identi-
ed concerning the use of ES valuation in the Baltic Sea context, for

nstance, the application of ecosystem assessment and mapping in MSP
 Geneletti et al., 2020 ). The assessment and mapping of ES is seen as
n essential tool to raise the public and stakeholders’ awareness regard-
ng the need to achieve a good environmental status brings improved
259 
ocio-economic benefits ( Chaudhary et al., 2015 ; Mik š a et al., 2020 ).
o this effect, showing the socio-economic value and the implications
o the people of reaching a good environmental status might increase
he national and global policy’s support ( Geneletti et al., 2020 ). 

. An ES methodological analysis in the Baltic Sea 

In the last years, integrating the assessment and mapping of ES into
oastal and marine management and other environmental agendas in-
reased the number of projects and scientific works ( Liquete et al.,
013a ; Townsend et al., 2018 ). In the Baltic Sea, the BONUS Secretarial
as funded several MES related projects (e.g. BONUS BaltCoast, BONUS
ALTICAPP, BONUS Basmati, BONUS ROSEMARIE). Nevertheless, there

s a lack of an overview status focused on the methodologies used to as-
ess and map MES in the Baltic Sea. This results in several unanswered
uestions. First, are the assessment and mapping methodologies appro-
riate to fulfil the needs and objectives of coastal and marine manage-
ent policies and frameworks? Second, will the further efforts be rele-

ant and robust to influence or drive decision making? Answering these
uestions is of high importance, especially now, when new environmen-
al targets are to be set for EU Biodiversity Strategy 2030, WFD, MSFD,
nd Baltic Sea Action Plan. 

To provide a methodological overview, we have conducted a litera-
ure search. We used key words “Baltic ” AND “ecosystem services ” AND
provisioning OR regulating OR cultural) AND ( “coastal OR marine ”).
urthermore, we have restricted our search to studies in which the main
tated objective was the ES assessment and/or mapping. The studies
ere searched in Google Scholar and SCOPUS databases covering the
ears between 2000 and 2020. In total, 100 studies were identified. A
otal of 34 peer-reviewed articles were selected after excluding grey lit-
rature (e.g. master and Ph.D. thesis, synthesis reports, project reports,
olicy briefs) and non-per reviewed articles. Information on the typol-
gy, purpose, methodology, spatial coverage and ES assessed was ex-
racted for each study ( Table 1 ). The majority of the studies are located
n the Southern Baltic Sea ( Fig. 2 A and B) and assess and/or map either
ne or three ES categories. 

• Focus and approach: Qualitative assessments are based on expert-
based interviews (e.g. Müller et al., 2020 ) or public perceptions
based on questionnaires (e.g. Viirret et al., 2019 ). Quantitative
assessments apply empirical and observational data by means of
modeling (e.g. Gogina et al., 2017 ), bio-physical indicators (e.g.
Depellegrin et al., 2020 ) and surveys (e.g. Czajkowski et al., 2015 ).
Semi-quantitative apply both approaches (e.g. Inácio et al., 2018 ).
Most of the analyzed studies (14) applied a qualitative approach,
followed by quantitative (13) and semi-quantitative (7). The main
focus was on environmental (23 studies), followed by monetary
(7) and social assessments. Social focus accounted only for four
studies ( Ahtiainen et al., 2013 , 2019 ; Piwowarczyk et al., 2013 ;
Viirret et al., 2019 ) ( Table 1 ). A total of fourteen works analyzed
one ES, while three studied two ES and seventeen evaluated three
ES ( Fig. 2 A). Eighteen studies were focused on assessment, whereas
sixteen mapped ES ( Fig. 2 B). 

• Space and time: ES assessment and mapping cover different spatial
scales: national, regional, or local studies ( Table 1 ). Thirteen stud-
ies assessed MES at the national level (e.g. Depellegrin et al., 2016 ;
Nieminen et al., 2019 ; Ruskule et al., 2018 ), followed by the local
level (11 studies) (e.g. Piwowarczyk et al., 2013 ; Rashleigh et al.,
2011 ; Schernewski et al., 2019 – Table 1 ), and Baltic-wide (10
studies) (e.g. Ahtiainen et al., 2019 ; Czajkowski et al., 2015 ;
Sagebiel et al., 2016 ) ( Table 1 ). Furthermore, they can also cover
different periods, assessing past, present, or future ES provision.
The majority of the studies assessed MES for the present conditions.
Only while five analyzed future scenarios (e.g. Culhane et al., 2020 ;
Schernewski et al., 2018 , 2019 ) and four studies analyze ES provi-
sion in the past (e.g., Inácio et al., 2018 , 2019 ) ( Table 1 ). 



M. Inácio, D. Karnauskait ė, E. Baltranait ė et al. Geography and Sustainability 1 (2020) 256–265 

Fig. 2. A) Ecosystem services components (Regulating, Provisioning, and Cultural) studied in the Baltic Sea, and B) Assessment and Mapping works. 
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Table 1 

analyzed studies from the literature search. Study: A – Assessment, M – Mapping. ES: P – Provisioning, R – Regulating, C – Cultural. ∗ studies which included validation of assessment result. 

Study Spatial scale Country Approach Focus Method ES Temporal Scale Reference 

A Baltic – Quantitative Social Questionnaire C Present ( Ahtiainen et al., 2013 ) 

A, M National Latvia Qualitative Environmental Expert-based P, R, C Present ( Armo š kait ė et al., 2020 ) 

A Local Poland Qualitative Environmental Expert-based/ biophysical indicators P, R, C Present ( Beaumont et al., 2007 ) 

A Baltic – Qualitative Environmental Biophysical indicators R Present, Future ( Culhane et al., 2020 ) 

A Baltic – Quantitative Monetary Questionnaire, travel cost C Present ( Czajkowski et al., 2015 ) 

A, M National Lithuania Semi-quantitative Monetary Literature P, R, C Present ( Depellegrin and Bla ž auskas, 2013 ) 

A, M National Lithuania Qualitative Environmental Expert-based P, R, C Present ( Depellegrin et al., 2016 ) 

A, M National Lithuania Quantitative Environmental GIS-biophysical indicators P, R, C Present ( Depellegrin et al., 2020 ) 

A, M Local Sweden Qualitative Environmental Expert-based R Present ( Goldenberg et al., 2017 ) 

A Baltic – Quantitative Monetary Production function / abatement costs R Present ( Gren et al., 2018 ) 

A, M Baltic – Quantitative Environmental/Social Modeling P, C Present, Future ( Hyytiäinen et al., 2019 ) 

A Local Germany/Poland / Lithuania Semi-quantitative Environmental Expert-based/Biophysical indicators P, R, C Present, Past ( Inácio et al., 2018 ) 

A Local Germany/Poland / Lithuania Semi-quantitative Environmental Expert-based/Biophysical indicators P, R, C Present, Past ( Inácio et al., 2019 ) 

A Baltic – Qualitative Environmental Expert-based P, R, C Present ( Karstens et al., 2019 ) 

A National Finland Quantitative Monetary Statistical indicators P Present ( Lai et al., 2018 ) 

A, M Baltic – Quantitative Environmental GIS-biophysical indicators R Present ( Liquete et al., 2013b ) 

A, M National Germany Qualitative Environmental Expert-based P, R, C Present ( Müller et al., 2020 ) 

A Local Lithuania, Poland, Germany Semi-quantitative Environmental Expert-based/ biophysical indicators P, R, C Present ( Newton et al., 2018 ) 

A National Finland Qualitative Monetary Questionnaire C Present ( Nieminen et al., 2019 ) 

A Local Poland Qualitative Social Literature P, R, C Present ( Piwowarczyk et al., 2013 ) 

A Local Lithuania Qualitative Environmental Literature search P, R, C Present ( Rashleigh et al., 2011 ) 

A National Sweden Quantitative Monetary Biophysical indicators P, R, C Present ( Rönnbäck et al., 2007 ) 

A, M National Latvia Semi-quantitative Environmental Questionnaires C Present ( Ruskule et al., 2018 ) 

A Baltic – Qualitative Monetary Literature review P, R, C Present ( Sagebiel et al., 2016 ) 

A, M Baltic – Quantitative Environmental Modeling R Present ∗ ( Sandman et al., 2018 ) 

A Local Germany Qualitative Environmental Expert-based P, R, C Present, Past, Future ( Schernewski et al., 2018 ) 

A, M Local Germany Semi-quantitative Environmental Expert-based/Biophysical indicators P, R, C Present, Past, Future ( Schernewski et al., 2019 ) 

A, M National Latvia Semi-quantitative Environmental Expert-based/Biophysical indicators P, R, C Present ( Veidemane et al., 2017 ) 

A Local Finland Qualitative Social Questionnaires P, R, C Present ( Viirret et al., 2019 ) 

A, M National Lithuania Quantitative Environmental GIS-Biophysical indicators / modeling P Present ∗ ( Inácio et al., 2020 ) 

A Baltic – Qualitative Social Questionnaire C Present ∗ ( Ahtiainen et al., 2019 ) 

A, M Local Poland - Russia Quantitative Environmental GIS-Biophysical indicators / modeling R Present, Future ∗ ( Allin et al., 2017 ) 

A, M National Germany Quantitative Environmental Biophysical indicators / modeling R Present ∗ ( Gogina et al., 2017 ) 

A, M National Lithuania Quantitative Environmental Ecosystem mode P. R Present ∗ ( Š iaulys et al., 2012 ) 
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MES in the Baltic Sea. 
• ES analyzed: studies can assess and map one or multiple ES, belong-
ing to one or more categories ( Table 1 ). Two studies on provision-
ing ( Inácio et al., 2020 ; Lai et al., 2018 ), five studies on cultural
( Ahtiainen et al., 2019 ; Czajkowski et al., 2015 ; Nieminen et al.,
2019 ; Ruskule et al., 2018 ) and seven studies on regulating ES
( Allin et al., 2017 ; Culhane et al., 2020 ; Gogina et al., 2017 ;
Goldenberg et al., 2017 ; Gren et al., 2018 ; Liquete et al., 2013b ;
Sandman et al., 2018 ). In terms of categories of ES, twenty-two stud-
ies assessed provisioning ES, twenty-six regulating ES, and twenty-
three studies on cultural ES ( Table 1 ). 

• Validation: Validation is an essential step to produce more robust
and reliable results. It is not easy to validate socio-economic or
qualitative assessments since they are based on individual percep-
tions. From all the studies considered, only six performed validation
of results ( Ahtiainen et al., 2019 ; Allin et al., 2017 ; Gogina et al.,
2017 ; Inácio et al., 2020 ; Sandman et al., 2018 ; Š iaulys et al., 2012 )
( Table 1 ). Further studies need to consider this aspect that is essen-
tial to ensure the reliability of the outputs. 

. Future perspectives 

.1. Towards a modeling-based quantitative ES assessment 

The majority of the analyzed studies (16) followed a qualitative ap-
roach. This limits the reliability and credibility of those studies to be in-
egrated into decision-making. Even though qualitative approaches are
asy to apply, provide results relatively fast, and can be used to ana-
yze "what if scenarios" ( Campagne et al., 2020 ; Jacobs et al., 2015 ),
everal works criticized this type of methodology for their unreliable
esults, associated with biases or mistakes by the experts or public per-
eption ( Jacobs et al., 2015 ; Seppelt et al., 2011 ). Furthermore, qual-
tative ES information often lacks the explicitness to drive decision-
akers processes, so it is instead regarded as an informative step to
romote deeper thinking or to provide a first impression and overview
 Busch et al., 2012 ; Schernewski et al., 2018 ). This criticism towards
ualitative approaches and the requirement of more robust and reliable
nformation led to a shift towards quantitative approaches ( Logsdon and
haubey, 2013 ). The Baltic Sea Region can follow this direction as there
re conditions to do so since it is one of the most studied areas world-
ide ( Reusch et al., 2018 ). This is reflected by the increase of quan-

itative (13) or semi-quantitative (7) studies. However, there are con-
itions for the development of quantitative methodologies ( Table 1 ).
or instance, the long term monitoring data available allowed for the
evelopment and establishment of reliable hydrodynamic, physical-
iogeochemical, ecologic, and food web models, such as RCO-SCOBI
 Eilola et al., 2009 ; Meier et al., 2003 ), GETM ( Burchard and Bold-
ng, 2002 ), ERGOM-MOM ( Neumann et al., 2002 ; Schernewski et al.,
015 ), ECOPATH-ECOSYM ( Pauly et al., 2000 ). Several variables from
hese models can be directly linked to indicators used to quantify ES.
or instance, Bauer et al. (2018) utilized the physical-biogeochemical
nd food web model to analyze the future distribution of fish func-
ional groups of commercial interest, which can be linked with the sup-
ly of wild seafood. There are conditions to go towards modeling out-
uts to provide quantitative information on ES. Other advantages of
sing modeling-based approaches are providing spatial data where ob-
ervations are lacking, providing quantitative information for different
emporal scales, and producing outputs for several ES at once. Also,
chernewski et al. (2015) applied modeling to assess different water
uality variables for the past, present, and future. Some of the modeled
ariables, chlorophyll a and nutrient concentration, can serve as indi-
ators for regulating ES. Therefore one could cover different temporal
cales and analyze changes in ES provision as in Inácio et al. (2019) . Us-
ng modeling outputs can also serve as an advantage in addressing the
ess studied ES categories. For instance, the assessment and mapping of
arine regulating ES is usually less developed and more challenging to
rovide an expert opinion, either due to the lack of knowledge or misun-
262 
erstanding of the mechanisms responsible for its supply ( Inácio et al.,
018) . This is because, in an expert elicitation process, it is expected to
e carried out by different groups, which may not know the ecological
rocesses involved. Twenty-six out of the thirty-three studies carried out
n the Baltic Sea assessed/mapped regulating ES. From these twenty-six,
nly eight used qualitative methods ( Table 1 ). More quantitative studies
re needed to assess regulating ES. The reliable models developed in the
altic Sea allowed to understand the ecologic functions better and can
e used for a more reliable assessment of regulating ES. Furthermore,
odels can (in some cases) provide depth specific information, more
ifficult to obtain via expert elicitation. 

However, when going towards quantitative ES assessments, it is im-
ortant to consider several aspects, such as availability, data accuracy,
pplicability, and models’ spatial resolution. Townsend et al. (2018) ar-
ued that marine environment models perform parameterization based
n limited spatial and temporal data. There is a need to communicate
odel uncertainty for its correct use. Modeling provides quantitative

esults with a spatial representation. However, it is important to under-
tand if modeling outputs are reliable and represent with a good degree
f accuracy ES dynamics. Modeling practices are less suitable to quantify
ocio-ecologic dynamics. In their review, Lautenbach et al. (2019) state
hat process and statistical models were rarely used to assess cultural ES.
ince most cultural studies are based on perceptions, modeling human
ehavior is a very complex exercise. The most important aspect is related
o models validation, which is frequently overlooked ( Willcock et al.,
019 ). Most of the quantitative studies of Table 1 did not perform any
alidation of the model used. A model that is not validated cannot pro-
ide reliable results, being considered supportive information. However,
t is also essential to state that not all kinds of studies (social, economic)
an always provide validated results since they are based on human per-
eptions, hence providing useful information. 

.2. Linking existing scientific research efforts with ES and their benefits 

or human wellbeing 

A considerable amount of data is generated and synthesized in HEL-
OM ( https://helcom.fi/ ) and produced by various research projects
nder different funding schemes every year. However, in their anal-
sis, Heckwolf et al. (2020) state that although the available scien-
ific information in the Baltic could be directly linked to many exist-
ng ES, only 1.2% of the studies translate this information into bene-
ts for humans wellbeing. Therefore, it is necessary to utilize the al-
eady existing scientific data, link it with ES’s provision, and finally
ranslate this information into socio-economic benefits. Hence, this
ill require establishing or improving existing multidisciplinary efforts

n mapping ES. Although we did not consider grey literature in this
tudy, we agree that it accounts for a considerable amount of informa-
ion available. Information from synthesis works and policy briefs (e.g.
htiainen and Öhman, 2014 ; Ahtiainen et al., 2010 ; Kettunen et al.,
012 ; Söderqvist and Hasselström, 2008 ) project reports (e.g. Wanda
olzhüter et al., 2019 ), or MSc. or Ph.D. thesis (e.g. Ravensbeck, 2014 ;
alojärvi, 2014 ) should be synthesized and published in the future to
reate a comprehensive overview of MES status in the Baltic Sea. For
nstance, European Union countries have to provide data to the Euro-
ean commission to fulfil the requirements of several policies (e.g. Wa-
er Framework Directive 2000/60/EC, 2000 ; Marine Strategy Frame-
ork Directive 2008/56/EC, 2008 ). These data could be used to assess
S ( Berg et al., 2015 ), since the countries have a monitoring program.
ther type of data such as tourism or socio-demographic data is also
eneficial for cultural ES assessment. ES evaluation is key to contribute
o regional (e.g. European Biodiversity Strategy 2030) or global (e.g.
ustainable Development Goals, especially goal 14 – Life below water)
gendas ( Wood et al., 2018 ). HELCOM plays a central role in terms of
ata collection and synthesis reporting. Therefore, it is the first reference

https://helcom.fi/
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.3. Towards Baltic-wide collaboration 

Our literature search revealed that in some Baltic areas (e.g. Den-
ark, Estonia and Kaliningrad Oblast of Russia), ES studies are scarce

 Fig. 2 ). One of the main drawbacks of the assessment and mapping
f marine ES is the lack of available data ( Townsend et al., 2018 ). In
he Baltic Sea, each country has a different strategy for data collection
nd processing. Therefore, there is no uniformization in data availabil-
ty and processing. Using different classifications, indicators, metrics,
patial and temporal resolutions makes the assessment and mapping re-
ults incomparable ( Bagstad et al., 2013 ). There is a lack of standard-
zation across the region. For example, even though the Mapping and
ssessment of Ecosystems and their Services Project ( Maes et al., 2012 )
eveloped in Europe, the methods are different, often not comparable,
nd countries are in different stages. There is no common benefit of
aving ES studies in different development stages, especially for less
tudied MES. International collaboration groups related to MES such as
he "Ecosystem Service Partnership Marine Working Group," the Inter-
overnmental Science-Policy Platform on Biodiversity and Ecosystem
ervices (IPBES), the International Council for the Exploration of the
ea Working Group on Resilience and Marine Ecosystem Services (ICES-
GRMES) and the European Marine Board Working Group on Valuing
arine Ecosystems (VALMARE), where Baltic countries participate, and

roduce different knowledge, not always complimentary. It is time to
valuate whether these efforts have been sufficient to fulfil future envi-
onmental targets and rethink future strategies. As a single ecosystem,
nsuring the sustainable future provision of ES in the world’s marine
reas is only possible in a collective effort. Our perspective is that a
ore holistic standardized classification, indicators, and methodologies

hould be applied to the whole Baltic Sea, putting the region in the van-
uard of the assessment and mapping of marine ES. 

. Conclusion 

The ES provided by the Baltic Sea are essential to ensure the well-
eing of the population. Assessing and mapping ES is vital to show the
enefits of an environmentally improved and sustainable Baltic Sea. This
equires linking the available scientific knowledge with ES and their
ocio-economic benefits. While extensive work has been done to assess
nd map ES in the Baltic, we need to rethink our current efforts and
o understand if they will be enough to support future environmental
nd socio-economic targets. Achieving environmental and sustainability
argets will only be possible through an international cooperative effort
nd standardization of ES practices in the Baltic Sea. Moving towards
uantitative approaches and linking all available scientific knowledge
ith ES and their socio-economic benefits is essential, and should be
ne of the priorities to understand current knowledge status and identify
uture research directions. 
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