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Abstract

The impacts of climate change are increasingly evident, with many societies affected annually. Coastal areas inhabited
by c. 60% of the world's population, are especially vulnerable due to a large number of impacts, including real sea
related threats. Implementation of mitigation and adaptation measures as well as challenging climate change threats
must be among the top priority issues for decision makers of all levels. This study presents the results of the critical
analyses of environment and climate related change in publicly available documents in the key economic and touristic
region of Poland, the Gulf of Gdansk. The authors have evaluated the detailed points in the process of identifying
the awareness of climate change and implemented measures. The results show relatively high awareness of climate

Few mitigation and adaptation measures addressing sea-based threats were identified. The authors compare the
findings with available knowledge of climate change, measures undertaken in some ports and port cities and reflect on
the urgent need of implementing multidisciplinary efforts to foster the effective management of coastal areas for the

change related threats, however, insufficient information and planning regarding ocean-related threats and hazards.

sustainable and safe future.
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1. Introduction

Ocean sustainability themes can be found in 38% of the
established sustainable development tasks, consequently,
activities related to the UN Decade of Ocean Science for
Sustainable Development are increasingly common in sci-
entific discourse and research planning (Boreo etal. 2019).
More than 3 billion people rely on the oceans for their liveli-
hoods, utilizing the ocean as a source of food, employment,
health benefits (EEA, 2018) and additionally, along with
the global population growth, more people are moving to
coastal areas (Reimann etal. 2023). Such growth of coastal
communities leads to the greater ocean use, involving more
agricultural runoff, increased tourism, transport, and en-
ergy production (Wisz et al.,, 2020). This is also true for the
Baltic Sea region, where the number of people inhabiting
coastal cities within the southern Baltic amounts to c. 8.9
million, with the half of them living in Polish coastal cities
(Interreg South Baltic Programme, 2021).

This trend contrasts with the observed and predicted
climate change threats which coastal areas worldwide ex-

© 2025 The Author(s). This is the Open Access article distributed
under the terms of the Creative Commons Attribution Licence.

perience and will be facing in the future (Dumata
et al, 2021). Therefore, alongside urgent mitigation
efforts, adaptation strategies must be a priority for
coastal areas (Garcia-Soto et al., 2021b). There are a num-
ber of approaches to that issue, including those provided
by the UN Environment Programme (UNEP), involving
among others the ecosystem-based adaptation (nature-
based solutions and ecosystem services), knowledge anal-
ysis and networking (spreading knowledge) (UNEP 2023).
On the other hand, UNEP promotes mitigation aiming
at climate resilience and greenhouse gas emission
reduction.

Such actions are being undertaken in various places
including a good example of the practical adaptation and
mitigation case in Rotterdam wherein in the 13 century
local merchants and administrators builta 400 m long dam
to control high bay waters and to facilitate drainage. Subse-
quently, the infrastructure was upgraded with new canals;
currently, amidst ongoing climate change, it is viewed as
an opportunity for improvement rather than a threat (C40
Cities, 2016). Other adaptation and mitigation activities
include using green energy sources such as solar, wind,
and hydropower, or collecting water using rooftop tanks
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or basement cisterns, which help reduce the energy re-
quired for freshwater treatment (Sharifi, 2021). These
climate change induced actions are becoming a significant
concern for various stakeholders, including researchers
and decision-makers (Garcia-Soto et al., 2021a; Vye et al,,
2020). Bibliometric and review studies demonstrate an in-
crease in publications addressing climate-change impacts,
adaptation, and mitigation across sectors. A global review
by Sharifi (2021) highlights not only the rapid growth of
adaptation and mitigation research but also the increasing
tendency for these topics to be examined jointly rather
than separately. This integration trend is reflected in en-
vironmental and marine sciences, where studies such as
Tittensor et al. (2019) show that adaptation, mitigation,
and biodiversity conservation are now frequently consid-
ered together in assessments of ocean change. Ata broader
science-policy level, the IPCC, 2022 similarly emphasizes
that effective climate-resilient development relies on com-
bining adaptation and mitigation strategies. This expand-
ing global and sector-specific literature provides an essen-
tial background for understanding regional systems where
climate-related risks are highly pronounced. The Baltic
Sea is the subject of intensive climate research; frequently
cited threats include eutrophication (algae blooms) result-
ing in poor water quality and decrease in biodiversity, poor
health of fauna and flora in the sea e.g., decrease in cod
populations. The eutrophication increase depends on light
penetration in the water column affecting seagrass and
algae life cycle which leads to a loss of suitable spawning
habitats for cod (Bossier et al.,, 2021).

The climate change in the Baltic Sea also involves rising
water temperature, decreasing ice extent, and an increase
in precipitation in the northern part. As a result of these
changes, many species have moved northwards (HELCOM,
2021). These environmental changes affect ecosystem ser-
vices e.g.,, provisioning services like aquaculture activities,
which rely on species abundance e.g. M. edulis, shift of the
distribution with climate change or affects the cod pop-
ulation which does not reproduce in warm, low salinity
waters, and thus is no longer suitable for fishing.

Gdansk, the biggest Polish port city, faces flood related
threats as a result of climate changes. However, the prob-
lem is not new and there was an attempt to approach it by
constructing a bypass on the Vistula River east of Gdansk
(in 1895). The city remains vulnerable to several threats,
including sea-level rise, stronger storm surges, increased
water import from rivers and heavy rainfalls (Sanders et
al.,, 2021).

Some of the adaptation and mitigation solutions to such
problems involve efficient cooperation and communication
with coastal communities, businesses and governments of
all levels and other activities which are planned in the as-
pect of climate change threats and hazards. One of the chal-
lenges in this respect involves engaging a wide spectrum
of society, especially those who lack a perceived connec-

tion to marine ecosystems (Evans et al., 2021). Successful
education as part of this challenge requires that it is not
only up to date with the current situation but being passed
within the right context and form so that people can ap-
ply knowledge in real-life situations (Zielinski et al., 2021;
Zielinski et al., 2022). Socio-psychological research reveals
that even the right education rarely leads to changes in be-
havior (Stoll-Kleemann, 2019). Behavioral change is more
likely when both internal factors including emotions, val-
ues and external factors (politico-economic, socio-cultural)
are met. Terorotua et al. (2020) also mentioned the im-
portance of institutional actors’ decisions being important
for climate change adaptation.

This study has been dedicated to the verification of
the adaptation and mitigation approaches towards climate
change, recognition of threats and hazards and applica-
tions of actions as described in regional, local and national
strategies/documents related to climate, urban develop-
ment and environmental management for the region of the
Gulf of Gdansk.

2. Material and methods

2.1 Study area

The study focuses on the Gulf of Gdansk region. From the
sea side, the Gulfis partially closed by the Hel Peninsula,
and the gulf itself forms an indentation into the land area
for alength of 75 km, while its width at the point of exit ex-
tends overabout 110 km. The line between Cape Rozewie
and Cape Taran is treated as an imaginary border between
the Gulf and the open sea. The entire area of the Gulf of
Gdansk basin is approximately 6,300 km?. The catchment
area of the Gulf of Gdansk alone is approx. 220,000 km?
(Figure 1).

The coastline of the Gulf of Gdansk is smooth, charac-
terized by flat, sandy beaches and steep cliffs. However,
the landscape of the Gulf is undergoing constant transfor-
mations as a result of eroding waves. The Gulf of Gdansk
is a sheltered basin. Serving as an inlet to the Baltic Sea,
it offers a secure anchorage of the Baltic Sea, a very safe
reservoir, with several ports and many small harbors, with
easy, and accessible entry for sea-going yachts.

The main cities on the Gulf of Gdansk include: Gdansk,
Gdynia, Sopot (the so-called Tricity), Wejherowo, Reda,
Puck, Wtadystawowo, Jastarnia and Hel. In 2021, the three
core cities were inhabited by c. 750,000 people, while the
Tricity together with its metropolitan area have a com-
bined population of between 1 and 1.5 million, depending
on the definition of their boundaries.

The two major portcities in Poland are Gdansk and Gdy-
nia. The first one, Gdanisk, is a part of the Trans-European
network and an important freight transport center, while
Port of Gdynia specializes in heavy cargo. There are many
other industrial developments present in the region, in-
cluding the oil refinery and fish processing facilities. The
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Figure 1. Study area. The Gulf of Gdansk region, shaded areas are those covered in the analyzed documents (courtesy of

Joanna Pardus).

entire region is known as a tourist centre, mainly in sum-
mer with about 10 million international tourists visiting
the area.

It is expected that with long-term climate changes and
associated threats such as the sea-level rise and coast-
line erosion the Gulf of Gdansk area will be seriously im-
pacted, which will have multifold consequences through
the changes in coastal protection, shipping, development
of offshore renewable energy resources resulting in many
societal issues that may emerge (Weisse etal., 2021). Thus,
it is crucial to include mitigation and adaptation measures
in response to climate change threats in strategic docu-
ments for the entire region.

2.2 Methodology and analytical approach

All documents available for each city or town were
analyzed (a complete ‘list of analyzed documents
available in attachments). The selection process focused
on the documents that were up to date, addressed
long term management of the area under study,
included climate change related issues, or environmental
protection strategies. The process of documents collec-
tion was conducted between January and February 2021.
Initially, 50 documents were identified and reviewed.
Subsequently, the selection was refined to include only
those relevant to 2022, resulting in 33 documents for
evaluation.

The sources included municipal websites, governmen-
tal portals, the BiP website, and project websites such as
KLIMADA (klimadaz2.ios.gov.pl)!. The documents were
selected for both coastal municipalities and municipalities
identifying themselves as marine locations, even though
they were located at a considerable distance from the coast.

The chosen documents were considered suitable due
to their strategic and long-term character and therefore
were likely to incorporate sustainable development con-
cepts and address environmental issues (Piwowarczyk et
al,, 2012). These documents were assumed to provide re-
liable information on climate change-related threats as
well as mitigation and adaptation measures. Mitigation
refers to preventive actions taken before the occurrence of
climate-related threats, aiming to reduce future impacts.
Adaptation, on the other hand, involves measures imple-
mented after a threat has occurred, designed to adjust to
resulting consequences.

The text analysis was performed using MAXQDA Ana-
lytics Pro 2020 (Release 20.4.2). The evaluation process
consisted of two stages. First, climate-, development-, and
environment-related documents were analyzed and cat-
egorized by their scope of application (Local, Regional,
National), as defined in Table 1.

IKLIMADA - 10$-PIB carried out the KLIMADA Project - Development
and implementation of the Polish National Strategy for Adaptation to
Climate Change (2012-2013).
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Table 1. Division of analyzed documents by subject (environmental, development, climate) and by region as in documents

(Local, Regional, National).

Category

document type

Environment Environment management documents e.g., environmental protection programs at local, regional, or national levels.
Development Planning documents for urban, regional, or national development e.g. city development strategies.

Climate Documents focused on climate change adaptation and mitigation e.g. National Energy and Climate Plan.

Document

location group

Regional
Local

National

Documents reflecting plans for provinces or integrated city-province development for environment, planning, or climate change.
Documents addressing cities or towns for development, environment protection, planning future, or climate change.

Documents reflecting national changes for Poland in development, environment protection, planning future, or climate change.

Table 2 presents the frequency of documents within
these categories and their relation to climate, development,
and environment.

Table 2. Frequency of analyzed documents by category.

Category Local Regional National
A. Climate 1 1 3
B. Development 13 8 0
C. Environment 6 0 1

Three sub-categories were defined for climate-related
content including the climate change code: adaptation, mit-
igation and threats. All codes were discussed and agreed
upon by the research team before their analysis. The con-
tent analysis followed Krippendorf’s (2004) approach,
based on hermeneutic interpretation of the text. The doc-
uments were examined systematically according to pre-
defined criteria: subject category (environment, develop-
ment, climate), spatial scope (local, regional, national), and
thematic codes (adaptation, mitigation, threats). Every
document was cross-checked to ensure consistency.

Climate change codes were adapted from UNEP’s cli-
mate adaptation framework and modified for the needs of
this study analyses (Table 3). To effectively address envi-
ronmental and societal challenges and facilitate efficient
knowledge transfer, it is crucial to engage all stakeholders.
While many approaches exist, UNEP’s framework is consid-
ered to be one of the most comprehensive and flexible, mak-
ing it highly effective (UNEP 2017, 2019, 2022). The UNEP
adaptation approach involves seven pillars: Ecosystem-
based Adaptation, Knowledge, analysis and networking,
World Adaptation Science Programme, National Adapta-
tion Plans, Access to adaptation finance, Climate adapta-
tion project list, Early Warning Climate Systems, and Cli-
mate adaptation resources and multimedia. In our analy-
ses we decided to modify the UNEP approach and thus
we created the following list of climate change related
threats, mitigation and adaptation activities for the area

of the Gulf of Gdansk. Further analyses were conducted
using MAXQDA Analytics Pro 2020 (Release 20.4.2) rely-
ing on the above-mentioned UNEP-based codes (Table 2).
For the climate change threat codes (Table 2), each sub-
category was divided into direct and indirect correlations
with climate change as the assumption was made that
some municipalities may describe threats that could be
caused by things other than climate change in their
opinion.

3. Results

No significant differences were observed regarding adap-
tation, mitigation measures, or threats between regional
and local documents of development category X?(df = 2,
N =678) = 0.53, p = 0.82 (Table 4).

Climate [X?(df = 4,N = 912) = 155.21, p < 0.05] and
environment [X?(df = 2,N = 1,539) = 155.21, p < 0.05]
related documents were significantly different in the num-
ber of identified adaptation, mitigation and threat codes
depending on the analyzed document type: regional, local,
national Table 4). Overall, adaptation codes were less fre-
quent in all documents. There were in total 55 adaptation
codes added in all documents. Environmental documents
did not contain any adaptation codes and the greatest per-
centage of those were found in local development docu-
ments (62%, N = 8) (Table 2).

Conversely, mitigation (N = 1,923) and threat codes
(N =1,151) appeared with significantly higher frequency.
Mitigations were found in the highest percentage (77%,
N = 944) within local documents on environment related
subjects and threats in 95%, N = 595 in national docu-
ments of environmental character (Figures 2 and 3). Re-
gional documents of an environmental character have not
recognized any threats (Table 3).

The statistical analysis included only marine related
threats (EC-D, EC-E EC-M, EV-E EV-WO, LT-STR, WP-A, WP-
0C) (Table 3). The frequencies of those ranged between
7-92.
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Table 3. Most frequently found in all of the documents climate change codes: threats and all codes that were applied to
look for adaptation, mitigation, UNEP modified (Codes taken from the UNEP, and modified for this project).

Code category Code Description
Threat EV-WO Extreme windstorms/storm surges/strong winds.
WP-0C Oxygen concentration, decrease in oxygen concentration, anaerobic zones, anoxia, hypoxia, suffocation,
dead zones, methane release from the seabed, *not related to infusions into the Baltic Sea.
EC-M Morphology, health status of fauna and flora, reduction of animal size, calcification, impact on the local
economy.
LT-STR Sea surface temperature changes.
EC-D Change in distribution of species. Change in flora, change in fauna, change in biodiversity, change in species

composition, impact of species changes on the local economy (e.g., fisheries), effect of oxygen concentration
on marine organisms, impact on local economy.

WP-A Acidification, increase in carbon dioxide concentration, hypoxia, anoxia, dead zones, eutrophication, *no
influence of salt water.

EV-F Floods, rising groundwater levels, sea caused floods.

EC-F Changes in the food web. Fisheries, impact on the development of the coastal economy, trophic chain,

nutrients, bioaccumulation, change of diet, change of ecosystem functions, impact on the local economy.

Mitigation M5-WM Waste/wastewater management and establishing related regulations, environmental strategies related to
climate change natural waste selection, recycling, gas emissions, waste (e.g. plastic).
M3-PTA Productivity of the terrestrial and aquatic environment (ponds, watercourses, etc.). Water environment

management, land environment management, preventive measures, increasing greenery in cities, not
building on floodplains, construction of retention reservoirs, stream regulation, storm sewage system.

M1-RED REDD +  Enabling municipalities to invest in activities conducive to the reduction of greenhouse gases, measures
to prevent deforestation and destruction of forests, together with appropriate measures to raise public
awareness. Reduction of greenhouse gases, meeting European requirements in greenhouse gas emissions,
transport management, transport limitation, environmentally friendly domestic heating, green energy,
monitoring of energy companies, photovoltaics, solar panels, replacement of heating systems.

M1-LEG Low-carbon growth. Increasing the efficiency of energy use, building financial resources for green energy,

reducing greenhouse gas emissions and other pollutants through the use of renewable energy. Emission
limits, European restrictions, emission reduction, low emission policy, strategies (LEDS).

M1-CR Changing plans according to climate changes, mapping threats and important areas.
M2-RR Supporting municipalities in environmental management in a way that leads to the reduction of natural
hazards related to climate change. Green cities, environmental protection in relation to threats.
M2-RRE Public support during and after natural disasters, public consultation on natural hazards. Counteracting the

effects of floods and storms (natural hazards), financial assistance, environmental and habitat restoration,
maintenance of flood banks.

M3-CE Creating a favorable environment supporting municipalities, society, entrepreneurs in planning activities
in a sustainable manner, not threatening the functioning of the entity European, national regulations/re-
strictions/guidelines, training/programs/meetings.

M3-PM Management of the marine environment taking into account environmental well-being. Protection of
habitat biodiversity, scientific research, biodiversity management, environmental evaluation.

M4-ME Considering natural environment in spatial plans. Implementation sustainable development policy in city
planning, adaptation of national restrictions.

M4-SLI Strengthening law and institutions; supporting national, European efforts related to the creation and
application of laws, and strengthening the functions of institutes to achieve environmental and economic
goals.

M5-CE Creating and enabling environment - chemical waste management, laying down rules on chemical waste
and the management of chemical waste in general related to climate change.

M6-EP Favorable political environment shifts towards green economy, adaptation of sustainable consumption and
production.

M6-SB Sustainable environment and business. Introduction of a sustainable development policy to transport, to
the everyday life of cities green cities, use of biodiversity and ecosystem services.

M6-SL Balanced lifestyle and nutrition. Education about sustainable lifestyle and consumption.

M7-IM Information management support for cities in the process of creating, accessing, analyzing, using and com-

municating environmental information and knowledge education on ways of sharing knowledge on topics
related to climate change in society and business, communication, society, consultations, professionals’
cooperation, ecosystem services.

M6-SL Sustainable lifestyle and nutrition. Education about sustainable lifestyle and consumption (workshops,
lectures, providing educational materials (leaflets, posters, books, etc.), promoting local products.
M8-PK Education, breaking down barriers between the scientific world and society, cooperation with decision-

makers who protect the environment for the general good in their daily activities. Climate education,
professionalism, cooperation, environmental protection.
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Table 3. Continued.

Code category  Code Description
Adaptation EbA Implementing projects that take into account the diversity and ecosystem services as part of adaptation to climate
change. Healthy ecosystems can reduce the negative impacts of climate change e.g. coastal habitats such as dune
forests, forests, flower meadows, provide a natural barrier during floods and storms.
KaN Knowledge, analysis and contacts. Spreading knowledge about climate change and best adaptation practices sharing
own knowledge, from local to global scales.
WaSP  Implementation of scientific knowledge to the adaptation decision-making process at the commune level. The
overall goal of the Adaptation Science Program is to promote science in the context of adaptation to climate change.
NAPs  Regional adaptation plans. Support for the society and municipalities in order to implement adaptation to climate

change. The main goals of NAP: 1. Reducing sensitivity to the impact of climate change by building adapted space
and flexibility in adapting to changes, e.g., building the city’s resilience to low-emission pollution; 2. Adapting
integration to new rules, regulations, programs, city plans, strategies.

Table 4. Frequency of occurrence of national, regional and
local codes (Mitigation, Adaptation, Threat) in relation to
climate, development and environment in the analyzed
documents.

Total codes number Regional National Local
A. Climate 338 486 88
B. Development 329 0 349
C. Environment 159 627 753

There was a significant difference in percentage of
added threat codes depending on a document name (Re-
gional, National, Local) and a threat relation to climate
change (D - direct, I - indirect) [X?(df=37,N = 306)
= 249.76, p < 0.05] (Figure 2). Acrossall documents dis-
cussed threats were addressed directly in correlation with
climate change for the majority of cases (87%, Niyra1 = 306)
(Figure 2). In Local documents the greatest frequency
was found for EV-F (Floods, rising groundwater levels, sea
caused floods, N = 8) (Figure 2).

In Regional documents the greatest frequency was
found for EV-WO (extreme wind storms, N = 42) (Figure 2).

In National strategies of all frequently added codes
EV-WO (extreme wind storms, N = 45) appeared most
frequently. Note that frequencies of recognized threats
within local documents were much lower than in other
two document groups of national and regional level. In
one coded segment, EV-WO was described as a “threat of
coastal abrasion”. Rising sea level (especially in the south-
ern part of the Baltic Sea), an increase in the intensity
and frequency of extreme phenomena (storms, torrential
precipitation, storms) favor the phenomenon of abrasion
“Cliff-type coasts are particularly endangered by abrasion”.

Excluding marine-related threats, L-AR (acid rains and
air quality) was the most frequently cited threat in all of
the documents N = 539, second EV-WO (Extreme wind-
storms/storm surges/strong winds), N = 92 and LT-STR,
N = 62 (sea surface temperature). Marine related threats
were found in 28% N = 1084 cases whilst threats related
to land were mentioned in 72%, N = 1,084 times of all
added threat codes.

There were in total 1907 mitigations found in all doc-
uments. There was a significant difference between the
analyzed documents (regional, local, national) of differ-
ent character climate, development, environment related
documents and mitigation codes added [X?(df = 156,N =
1907) = 4,167, p < 0.05] (Figure 3). In local (Npitigation =
727) and regional (Ny;tigation = 157) documents there was
the greatest number of M5-WM-Waste /wastewater man-
agement and establishing related regulations found. How-
ever, climate-related documents contained few such codes;
the majority were associated with environmental docu-
ments (Nys_wm = 600).

An example of M5-WM coding can be given from the
“Environmental Protection Program for the Krynica Morska
Commune for the years 2016-2019 with a perspective for
the years 2020-2023":

“Waste management and prevention of waste gener-
ation minimization of the amount of waste generated in
the commune of Krynica Morska Development of selective
waste collection”. The M1-RED-Enabling municipalities
to invest in activities conducive to the reduction of green-
house gases mitigation was relatively often mentioned in
national documents of climate and environmental charac-
ter (N = 52). National documents highlighted the impor-
tance of M4-SLI-Strengthening law and institutions in 50
cases following mitigation codes (Figure 3).

The total number of adaptation codes found within
all documents was 55 which constitutes merely 2% of all
codes, including land-based threats N, = 3,046. There
was no significant difference between adaptations found in
local, national or regional documents referring to climate
of development character [X?(df=17;N = 55) = 24.77,
p = 0.09]. None of the adaptation codes appeared in any
of the environment related documents thus those were not
included in further analyses.

4. Discussion

Although the strategic documents from major cities in the
Gulf of Gdansk acknowledge climate change, they lack clar-
ity and user-friendliness, hindering the reader’s ability
to identify key points. Furthermore, these documents of-
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Figure 2. Frequency of marine related threats discussed in analyzed documents (EC-D-change in species distribution,
EC-F-changes in food web, EC-M- Morphology, health status of fauna and flora, EV-F-Floods, rising groundwater levels, sea
caused floods, EV-WO-Extreme windstorms/storm surges/strong winds, LT-STR-Sea Surface temperature changes, WP-A-
Acidification, increase in carbon dioxide concentration, WP-OC-Oxygen concentration, decrease in oxygen concentration)
with D-direct and I-indirect relation to climate change in text of documents.

ten fail to detail specific plans for mitigation and adapta-
tion measures with regards to climate change. Identified
threats are seldom directly linked to climate change, and
when they are, the references are broad and non-specific.
For example, one of the strategy documents vaguely con-
nects climate change to significant disruptions in ecosys-
tems and higher maintenance costs due to nature protec-
tion. It specifically mentions Gdansk’s high flood risk from
sealevel rise and the Hel Peninsula’s vulnerability to storm
surges, underscoring the significant potential for damage
in densely developed urban areas, such as the Gdansk
lower town.

This represents a significant oversight, given that the
analyzed cities, especially Gdansk, are among the cities at
most risk of flooding from the sea, while a potential range
of damage in urban areas is high due to the high density of
urban developments. Conversely, a 2023 document: “Adap-
tation and Mitigation to Climate Changes OMGGS plan” (is-
sued in 2023) on adaptation and mitigation in the Tricity
area addresses climate change including sea level rise for

the Tricity proposing measures such as: monitoring the
state of sea shores and the coastal water zone, taking into
account the risk of flooding from the sea in investment
plans in the coastal zone and coastal waters, preparing the
documentation and construction of elements to provide
protection against sea level rise and backwater, preventing
erosion as well as developing good practices at the munici-
pal level. However, the document lacks a specified timeline
or descriptions of concrete actions.

The case of the Gulf of Gdansk is not isolated and there
is a significant number of positive examples of the coastal
cities, which mitigate and adapt to climate change. Le
(2020) analyzed urgent climate change threats in the coas-
tal cities, reporting that floods of various character (storms,
sea level rise, etc.) are the most frequently reported haz-
ards in coastal developing cities (the analyses covered 45
cities, from 26 countries, in 4 regions, e.g. Bangkok, Thai-
land; Rio de Janeiro, Brazil, no EU countries). A paper
published by Cabana et al. (2023) reviews articles and
strategic documents around the world including Poland.
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Figure 3. Frequency of mitigations (most frequent legends: M1-LEG-Low-carbon growth, Increasing the efficiency of
energy use, M1-RED-Enabling municipalities to invest in activities conducive to the reduction of greenhouse gases, M4-
SLI-Strengthening law and institutions, M5-WM-Waste /wastewater management and establishing related regulations,

the rest of legends in Table 1).

The authors report that the majority (58%, N = 650) of
them focus on coastal studies disregarding the ecosystems
specification and that none of them follow all four phases
ofthe adaptation policy cycle (assessment, planning, imple-
mentation and monitoring). Zimmerman and Faris (2011)
provide examples of best practices in both mitigation and
adaptation for North American cities. The authors further
emphasize that the sea level rise has been a common chal-
lenge for the coastal cities for centuries and they stress
the need for close cooperation among various groups of
stakeholders in the process of protecting the coastal cities
from ocean threats.

The absence of clear mitigation and adaptation mea-
sures in the Gulf of Gdansk region is surprising given that
its cities are members of the Union of the Baltic Cities (UBC)
- an international network that prioritizes climate change
response and sustainable development through its Sustain-
ability Action Programme (UBC, 2021). In contrast, some
Baltic ports, such as HaminaKotka in Finland, demonstrate
commitment to sustainability by implementing certified
environmental management systems (ISO 14001:2015)
and aligning operations with the UN Sustainable Devel-

opment Goals (Port of HaminaKotka Ltd., n.d.). However,
publicly available information does not indicate specific
strategies addressing sea-level rise or other direct marine-
related climate threats at HaminaKotka, suggesting that
even leading ports may lack targeted adaptation measures
for coastal hazards.

The Swedish city of Gothenburg serves as another ex-
ample of a Baltic port city that recognizes climate change
threats. The city of Gothenburg is governed with the use
of several documents including the above mentioned strat-
egy and Environment and Climate Programme for the city
2021-2030. The Programme assumes the transformation
of the city to a sustainable one till 2030. One of the goals
of the programme is to increase biodiversity and improve
sea water quality (its goals are based on some of the SDGs).
Gothenburg recognizes the impact of climate change, par-
ticularly the rise in water levels due to the sea level rise,
and has planned measures to mitigate these risks. Among
the key initiatives to adapt to the change is the construction
of a barrier to prevent flooding by 2070 (Environment and
Climate Program for the City of Gothenburg 2021-2030)
(City of Gothenburg, 2023; PreventionWeb, 2019). This
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concept is inspired by the measures taken to protect simi-
lar structures such as the barrier on the Thames river in
London.

When discussing good practices in addressing the cli-
mate change, the Port of Rotterdam serves as a leading
example. Its strategy focuses on becoming a global fron-
trunner in the energy transition by implementing mea-
sures such as large-scale hydrogen infrastructure, CO, stor-
age projects (Porthos), and renewable energy integration.
These efforts are complemented by climate adaptation
initiatives, including flood risk management and nature-
based solutions (Port of Rotterdam Authority, n.d.; World
Economic Forum, 2019). A key component of this vision is
fostering circular development among businesses within
the port, while assessing climate impacts. Both the city
and the port actively respond to rising sea level through im-
plementing mitigation and adaptation measures. These in-
clude resilient infrastructures like barriers, dykes, or surge
barriers e.g. Maeslantkering (movable barrier closing off
the New Waterway in case of high tides).
Water management measures complement these efforts,
incorporating green roofs, water plazas as well as water
storage facilities that retain excess water and release it
gradually. Innovative urban design solutions, such as float-
ing buildings further enhance resilience to changes in
sea level. Research and collaboration between cities
and ports underpin these initiatives. Collectively, these
measures are embedded in strategic frameworks such as
Rotterdam Climate Proof, Port Vision 2030, and the Wa-
ter Plan (C40 Cities, 2016; Port of Rotterdam Authority,
2025).

This brief review suggests that the most sustainable
ports are those integrated with sustainably managed cities,
such as the Port of Rotterdam and the City Rotterdam, or
the port of Gothenburg. However, a more detailed analysis
of city strategies across all countries is required to confirm
this observation.

Nevertheless, evidence suggests that the best outcomes
occur when mitigations and adaptations measures are care-
fully planned and communicated to all stakeholders, in-
cluding city residents and public services, to ensure readi-
ness for climate change (Gargiulo et al., 2020).

One major challenge to be faced is that mitigation and
adaptation measures cannot be uniformly applied across
different locations due to variations in natural conditions
and land use (Brunila et al., 2023; Cabana et al., 2023; Le,
2020). The lack of planning, as observed in the Gulf of
Gdansk case study, results in incomplete prevention and
adaptation to climate-related impacts. Most measures cur-
rently focus on land-based activities, such as expanding
bicycle routes, rather than addressing marine-related chal-
lenges, and very few, if any, consider the sea level rise.
Several factors may explain this situation. One possible
reason relates to findings by Dumata et al. (2021), who
examined programs within the Union of the Baltic Cities

and their contribution to sustainable development goals.
The analysis of the programs suggests that most initiatives
are of educational nature and are likely to be influenced by
EU funding requirements and the need to project a climate-
friendly image.

It is crucial to incorporate appropriate actions into re-
gional, municipal, and national strategic plans and rein-
force them through legislation to ensure their effective
implementation. Drawing on experiences from other coun-
tries, as discussed in this review, could significantly sup-
port this process.

5. Conclusions

The review of the currently used strategic documents of
the major cities around the Gulf of Gdansk demonstrates
while local authorities acknowledge climate change, their
primary focus remains on threats and the consequences
related to extreme atmospheric phenomena such as heavy
rainfall and windstorms, as well as rainwater retention
and biodiversity enhancement. Sea level rise and other
marine-related threats are rarely mentioned in the docu-
ments reviewed. Most identified consequences concern
tourism impacts rather than broader implications for an
agglomeration of over one million inhabitants.

Few concrete measures for climate change mitigation
and adaptation are proposed. While some strategies de-
scribe threats, they often rely on declarative statements
without detailed plans of action or timelines. The most
recent adaptation strategy for the Tricity area even ques-
tions the scientific consensus on climate change impacts
over the coming decades, implying a reactive approach.

These findings contrast sharply with proactive mea-
sures adopted by other coastal cities worldwide. This
paper highlights examples of well-designed adaptation
strategies from Baltic cities and beyond. We conclude that
authorities in the Gulf of Gdanisk region must urgently re-
vise their perception of climate impacts and recognize the
risks posed by sea level rise as well as more frequent storm
surges, which could have devastating consequences if adap-
tation measures are not implemented promptly.

Acknowledgments

The original data collection and analysis were funded by
the INTERREG Baltic Sea Region project Land-Sea-Act
(#R098) and by a grant from the Polish Ministry of Science
and Higher Education (5063 /INTERREG BSR/19/2020/2).
The extension and revision of the study were supported by
the INTERREG Baltic Sea Region project BalticSea2Land
(#C018) and co-financed by the Polish Ministry of Sci-
ence and Higher Education under the program Co-financed
International Projects (contract no. 5744 /Interreg BSR
2021-2027/2023/2024/2).

We wish to extend our sincere thanks to Paulina Pak-
szys and Katarzyna Romancewicz for help with data col-

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531



532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

Climate change mitigation and adaptation measures for the Gulf of Gdarisk region in relation to sea threats 10/11

lection process. Their contributions were essential to the
completion of this study.

Supplementary material

Supplementary material associated with this article can
be found here.

Conflict of interest

None declared.

References

Boero, F,, Cummins, V., Gault, ]., Huse, G., Philippart, C.J.M,,
Schneider, R., Treguier, A.M., Besiktepe, S., Boeuf, G.,
Garcia-Soto, C., Horsburgh, K., Kopp, H., Malfatti, F,
Mariani, P, Matz-Liick, N., Mees, ]., Menezes Pinheiro,
L., Lacroix, D., Le Tissier, M., Paterson, D.M., Scherne-
wski, G., Thebaud, 0., Vandegehuchte, M.B., Visbeck,
M., Weslawski, ].M., 2019. Navigating the Future V: Ma-
rine Science for a Sustainable Future. European Marine
Board. Position Paper 24, Ostend, 200 pp.
https://doi.org/10.5281/zenodo.2809392

Bossier, S., Nielsen, J.R., Almroth-Rosell, E., Héglund, A,
Bastardie, F,, Neuenfeldt, S., Christensen, A., 2021. In-
tegrated ecosystem impacts of climate change and eu-
trophication on main Baltic fishery resources. Ecol.
Model. 453, 109609.
https://doi.org/10.1016/j.ecolmodel.2021.109609

C40 Cities, 2016. Rotterdam Climate Change Adaptation
Strategy.
https://www.c40.org/case-studies/c40-good-practic
e-guides-rotterdam-climate-change-adaptation-strat
egy/, Last accessed 19.11.2025.

Cabana, D., Rofler, L., Evadzi, P, Celliers, L., 2023. Enabling
climate change adaptation in coastal systems: A system-
atic literature review: Earth’s Future 11 (8).
https://doi.org/10.1029/2023EF003713.

City of Gothenburg, 2023. Climate City Contract 2030.
https://netzerocities.app/_content/files/knowledge
/4455/2030_ccc.gothenburg.pdf

Dumata, H., Luszczuk, M., Piwowarczyk, J., Zielinski, T,
2021. Transnational municipal networks as a mech-
anism for marine governance toward climate change
adaptation and mitigation: Between potential and prac-
tice. Front. Mar. Sci. 8, 644.
https://doi.org/10.3389/fmars.2021.626119

EEA, 2018. CICES Towards a common classification of ecosys-
tem services.
https://cices.eu/resources/,lastaccessed27thApril2
024

Evans, K., Zielinski, T, Chiba, S., Garcia-Soto, C., Ojaveer, H.,
Park, C., Ruva, R.,, Schmidyt, ].O., Simcock, A., Strati, A.,
Vu, C.T, 2021. Transferring complex scientific knowl-
edge to usable products for society: The role of the

Global Integrated Ocean Assessment. Front. Environ.
Sci. 9, 626532.
https://doi.org/10.3389/fenvs.2021.626532

Garcia-Soto, C., Cheng, L., Caesar, L., Schmidtko, S., Jewett,
E.B., Cheripka, A, Rigor, ., Caballero, A., Chiba, S., Bdez,
J.C., Zielinski, T.,, Abraham, ].P,, 2021b. An overview of
ocean climate-change indicators: Sea surface temper-
ature, ocean heat content, ocean pH, dissolved oxygen,
Arctic sea ice, sea level, and AMOC strength. Front. Mar.
Sci. 8, 642372.
https://doi.org/10.3389/fmars.2021.642372

Garcia-Soto, C., Seys, ].J.C., Zielinski, O,, Busch, ].A., Luna, S.I.,
Baez, ].C., Domegan, C., Dubsky, K., Kotynska-Zielinska,
L., Loubat, P, Malfatti, F, Mannaerts, G., McHugh, P,
Monestiez, P, van der Meeren, G.I., Gorsky, G., 2021a.
Marine citizen science: Current state in Europe and
new technological developments. Front. Mar. Sci. 8,
621472.
https://doi.org/10.3389 /fmars.2021.621472

Gargiulo, C., Battarra, R., Tremiterra, M.R., 2020. Coastal
areas and climate change: A decision-support tool for
implementing adaptation measures. Land Use Policy
91,104413.
https://doi.org/10.1016/j.Jlandusepol.2019.104413

HELCOM, 2021. Climate Change in the Baltic Sea: 2021
Fact Sheet. Baltic Sea Environ. Proc. No. 180. HEL-
COM/Baltic Earth, Helsinki, 37 pp.
https://helcom.fi/wp-content/uploads/2021/09/Bal
tic-Sea-Climate-Change-Fact-Sheet-2021.pdf

Interreg South Baltic Programme, 2021. Programme area
description: socio-economic context and cooperation
potential. Interreg South Baltic Programme 2021
-2027,1-50.
https://southbaltic.eu/wp-content/uploads/2024/
10/2021-09-08_Interreg-South-Baltic-Programme- 2
021-2027_draft_readers-friendly-version_accessibl
e-version.pdf

IPCC, 2022. Climate Change 2022: Impacts, Adaptation
and Vulnerability. Contribution of Working Group II to
the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge Univ. Press.
https://www.ipcc.ch/report/ar6/wg2/

Krippendorff, K., 2004. Content Analysis: An Introduction
to Its Methodology. 2nd edn., Sage Publ., Thousand
Oaks, CA, 413 pp.

Le, T.D.N,, 2020. Climate-change adaptation in coastal cities
of developing countries: Vulnerability types and adap-
tation options. Mitig. Adapt. Strat. Gl. 25, 739-761.
https://doi.org/10.1007/s11027-019-09888-z

Piwowarczyk, ]., Hansson, A., Hjerpe, M., Chubarenko, B,
Karmanov, K., 2012. Climate change in the Baltic Sea
region: A cross-country analysis of institutional stake-
holder perceptions. Ambio 41 (6), 645-655.
https://doi.org/10.1007/s13280-012-0327-9

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635


https://oceanologia.eu/library/68_1/PDF/strategiesKOR.pdf
https://doi.org/10.5281/zenodo.2809392
https://doi.org/10.1016/j.ecolmodel.2021.109609
https://www.c40.org/case-studies/c40-good-practice-guides-rotterdam-climate-change-adaptation-strategy/
https://www.c40.org/case-studies/c40-good-practice-guides-rotterdam-climate-change-adaptation-strategy/
https://www.c40.org/case-studies/c40-good-practice-guides-rotterdam-climate-change-adaptation-strategy/
https://www.c40.org/case-studies/c40-good-practice-guides-rotterdam-climate-change-adaptation-strategy/
https://www.c40.org/case-studies/c40-good-practice-guides-rotterdam-climate-change-adaptation-strategy/
https://doi.org/10.1029/2023EF003713.
https://netzerocities.app/_content/files/knowledge/4455/2030_ccc_gothenburg.pdf
https://netzerocities.app/_content/files/knowledge/4455/2030_ccc_gothenburg.pdf
https://netzerocities.app/_content/files/knowledge/4455/2030_ccc_gothenburg.pdf
https://doi.org/10.3389/fmars.2021.626119
https://cices.eu/resources/, last accessed 27th April 2024 
https://cices.eu/resources/, last accessed 27th April 2024 
https://cices.eu/resources/, last accessed 27th April 2024 
https://doi.org/10.3389/fenvs.2021.626532
https://doi.org/10.3389/fmars.2021.642372
 https://doi.org/10.3389/fmars.2021.621472
https://doi.org/10.1016/j.landusepol.2019.104413
https://helcom.fi/wp-content/uploads/2021/09/Baltic-Sea-Climate-Change-Fact-Sheet-2021.pdf
https://helcom.fi/wp-content/uploads/2021/09/Baltic-Sea-Climate-Change-Fact-Sheet-2021.pdf
https://helcom.fi/wp-content/uploads/2021/09/Baltic-Sea-Climate-Change-Fact-Sheet-2021.pdf
https://southbaltic.eu/wp-content/uploads/2024/10/2021-09-08_Interreg-South-Baltic-Programme-2021-2027_draft_readers-friendly-version_accessible-version.pdf
https://southbaltic.eu/wp-content/uploads/2024/10/2021-09-08_Interreg-South-Baltic-Programme-2021-2027_draft_readers-friendly-version_accessible-version.pdf
https://southbaltic.eu/wp-content/uploads/2024/10/2021-09-08_Interreg-South-Baltic-Programme-2021-2027_draft_readers-friendly-version_accessible-version.pdf
https://southbaltic.eu/wp-content/uploads/2024/10/2021-09-08_Interreg-South-Baltic-Programme-2021-2027_draft_readers-friendly-version_accessible-version.pdf
https://southbaltic.eu/wp-content/uploads/2024/10/2021-09-08_Interreg-South-Baltic-Programme-2021-2027_draft_readers-friendly-version_accessible-version.pdf
https://southbaltic.eu/wp-content/uploads/2024/10/2021-09-08_Interreg-South-Baltic-Programme-2021-2027_draft_readers-friendly-version_accessible-version.pdf
https://southbaltic.eu/wp-content/uploads/2024/10/2021-09-08_Interreg-South-Baltic-Programme-2021-2027_draft_readers-friendly-version_accessible-version.pdf
https://www.ipcc.ch/report/ar6/wg2/
https://doi.org/10.1007/s11027-019-09888-z
https://doi.org/10.1007/s13280-012-0327-9

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

Climate change mitigation and adaptation measures for the Gulf of Gdarisk region in relation to sea threats 11/11

Port of HaminaKotka Ltd., n.d. Environment.
https://www.haminakotka.com/about-port/enviro
nment

Port of Rotterdam Authority, 2025. Climate Change Adap-
tation.
https://www.portofrotterdam.com/en/building-por
t/sustainable-port/climate-adaptation

Port of Rotterdam Authority, n.d. Energy transition strat-
egy: Towards a CO,-neutral port.
https://www.portofrotterdam.com/en/energy-trans
ition-strategy

PreventionWeb, 2019. Sweden: Gothenburg foresees im-
pact of climate change-plans to build a barrier by 2070
to prevent flooding.
https://www.preventionweb.net/news/sweden-got
henburg-foresees-impact-climate-change-plans-bui
ld-barrier-2070-prevent-flooding

Reimann, L., Vafeidis, A.T, Honsel, L.E., 2023. Population
development as a driver of coastal risk: Current trends
and future pathways. Cambridge Prisms: Coastal Fu-
tures 1.
https://doi.org/10.1017 /cft.2023.3

Sanders, F, Sanders, H., Jonkers, K., 2021. Cross-over analy-
sis of the climate-change delta situation of Gdarisk and
Rotterdam. Open Res. Europe 1 (9), 9.
https://doi.org/10.12688/openreseurope.13125.2

Sharifi, A., 2021. Co-benefits and synergies between urban
climate change mitigation and adaptation measures:
A literature review. Sci. Total Environ. 750, 141642.
https://doi.org/10.1016/j.scitotenv.2020.141642.

Stoll-Kleemann, S., 2019. Feasible options for behavior
change toward more effective ocean literacy: A system-
atic review. Front. Mar. Sci. 6, 273.
https://doi.org/10.3389 /fmars.2019.00273

Tittensor, D. P, Beger, M., Boerder; K., Boyce, D. G., Cavanagh,
R. D., Cosandey-Godin, A., Crespo, G. O., Dunn, D. C,,
Ghiffary, W,, Grant, S. M., Hannah, L., Halpin, P. N., Har-
foot, M., Heaslip, S. G., Jeffery, N. W,, Kingston, N., Lotze,
H. K., McGowan, J., McLeod, E., McOwen C.]J.,O’Leary
B.C,, Schiller L., Ryan R.E.Stanley, Westhead M., Wilson
K.L., Worm, B., 2019. Integrating climate adaptation
and biodiversity conservation in the global ocean. Sci.
Advanc. 5(11), eaay9969.
https://doi.org/10.1126/sciadv.aay9969

Terorotua, H., Duvat, V.K,, Maspataud, A., Ouriqua, J., 2020.
Assessing perception of climate change by public author-
ities and designing coastal climate services: Lessons
from French Polynesia. Front. Mar. Sci. 7, 160.
https://doi.org/10.3389/fmars.2020.00160.

UBC, 2021. UBC Sustainability Action Programme 2020
-2030.
https://ubc.net/commissions/sustainable-cities/

UNEP (United Nations Environment Programme), 2017.
Adaptation Gap Report 2017. Nairobi, UNEP.
https://wedocs.unep.org/handle/20.500.11822/27

114

UNEP (United Nations Environment Programme), 2019.
Climate Change Adaptation: UNEP’s Approach. UNEP.
https://www.unep.org/resources/factsheet/climate
-change-adaptation-unep-approach

UNEP (United Nations Environment Programme), 2022.
UNEP and Climate Adaptation: What We Do. UNEP.
https://wedocs.unep.org/20.500.11822 /40977

UNEP (United Nations Environment Programme), 2023.
Ecosystem-based adaptation.
https://www.unep.org/topics/climate-action/adapta
tion/ecosystem-based-adaptation.

Vye, S.R,, Dickens, S., Adams, L., Bohn, K., Chenery, ., Dob-
son, N,, et al,, 2020. Patterns of abundance across ge-
ographical ranges as predictors for climate-change re-
sponses: Evidence from UK rocky shores. Div. Dist. 26,
1357-1365.
https://doi.org/10.1111/ddi.13118

Weisse, R., Dailidiené, I., Hiinicke, B., Kahma, K., Madsen, K.,
Omstedt, A., Parnell, K, Schone, T,, Soomere, T, Zhang,
W, Zorita, E., 2021. Sea-level dynamics and coastal
erosion in the Baltic Sea region. Earth Sys. Dynam. 12
(3),871-898.
https://doi.org/10.5194 /esd-12-871-2021

Wisz, M.S,, Satterthwaite, E.V,, Fudge, M., Fischer, M., Pole-
jack, A., St John, M., Fletcher, S., Rudd, M.A., 2020. 100
opportunities for more inclusive ocean research: Cross-
disciplinary research questions. Front. Mar. Sci. 7, 576.
https://doi.org/10.3389/fmars.2020.00576

World Economic Forum, 2019. The world’s coastal cities
are going under-here is how some are fighting back.
https://www.weforum.org/agenda/2019/01/the-w
orld-s-coastal-cities-are-going-under-here-is-how-s
ome-are-fighting-back/

Zielinski, T,, Bolzacchini, E., Evans, K., Ferrero, L., Gregor-
czyk, K., Kijewski, T., Kotynska-Zielinska, 1., Mrowiec,
P, Oleszczuk, B., Pakszys, P, Piechowska, E., Piwowar-
czyKk, J., Sobieszczanski, ]., Wichorowski, M., 2021. Abun-
dance of environmental data vs. low public interest in
ocean and climate issues. Front. Mar. Sci. 8, 51.
https://doi.org/10.3389 /fmars.2021.619638

Zielinski, T.,, Kotynska-Zielinska, 1., Garcia-Soto, C., 2022.
A blueprint for ocean literacy: EU4. Ocean. Sustainabil-
ity 14, 926.
https://doi.org/10.3390/su14020926

Zimmerman, R,, Faris, C., 2011. Climate change mitigation
and adaptation in North American cities. Curr. Opin.
Environ. Sust. 3 (3), 181-187.
https://doi.org/10.1016/j.cosust.2010.12.004

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

77

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739


https://www.haminakotka.com/about-port/environment
https://www.haminakotka.com/about-port/environment
https://www.haminakotka.com/about-port/environment
https://www.portofrotterdam.com/en/building-port/sustainable-port/climate-adaptation
https://www.portofrotterdam.com/en/building-port/sustainable-port/climate-adaptation
https://www.portofrotterdam.com/en/building-port/sustainable-port/climate-adaptation
https://www.portofrotterdam.com/en/energy-transition-strategy
https://www.portofrotterdam.com/en/energy-transition-strategy
https://www.portofrotterdam.com/en/energy-transition-strategy
https://www.preventionweb.net/news/sweden-gothenburg-foresees-impact-climate-change-plans-build-barrier-2070-prevent-flooding
https://www.preventionweb.net/news/sweden-gothenburg-foresees-impact-climate-change-plans-build-barrier-2070-prevent-flooding
https://www.preventionweb.net/news/sweden-gothenburg-foresees-impact-climate-change-plans-build-barrier-2070-prevent-flooding
https://www.preventionweb.net/news/sweden-gothenburg-foresees-impact-climate-change-plans-build-barrier-2070-prevent-flooding
https://www.preventionweb.net/news/sweden-gothenburg-foresees-impact-climate-change-plans-build-barrier-2070-prevent-flooding
https://doi.org/10.1017/cft.2023.3
https://doi.org/10.12688/openreseurope.13125.2
https://doi.org/10.1016/j.scitotenv.2020.141642.
https://doi.org/10.3389/fmars.2019.00273
https://doi.org/10.1126/sciadv.aay9969
https://doi.org/10.3389/fmars.2020.00160.
https://ubc.net/commissions/sustainable-cities/
https://wedocs.unep.org/handle/20.500.11822/27114
https://wedocs.unep.org/handle/20.500.11822/27114
https://wedocs.unep.org/handle/20.500.11822/27114
https://www.unep.org/resources/factsheet/climate-change-adaptation-unep-approach
https://www.unep.org/resources/factsheet/climate-change-adaptation-unep-approach
https://www.unep.org/resources/factsheet/climate-change-adaptation-unep-approach
https://wedocs.unep.org/20.500.11822/40977
https://www.unep.org/topics/climate-action/adaptation/ecosystem-based-adaptation.
https://www.unep.org/topics/climate-action/adaptation/ecosystem-based-adaptation.
https://www.unep.org/topics/climate-action/adaptation/ecosystem-based-adaptation.
https://doi.org/10.1111/ddi.13118
https://doi.org/10.5194/esd-12-871-2021
https://doi.org/10.3389/fmars.2020.00576
https://www.weforum.org/agenda/2019/01/the-world-s-coastal-cities-are-going-under-here-is-how-some-are-fighting-back/
https://www.weforum.org/agenda/2019/01/the-world-s-coastal-cities-are-going-under-here-is-how-some-are-fighting-back/
https://www.weforum.org/agenda/2019/01/the-world-s-coastal-cities-are-going-under-here-is-how-some-are-fighting-back/
https://www.weforum.org/agenda/2019/01/the-world-s-coastal-cities-are-going-under-here-is-how-some-are-fighting-back/
https://www.weforum.org/agenda/2019/01/the-world-s-coastal-cities-are-going-under-here-is-how-some-are-fighting-back/
https://doi.org/10.3389/fmars.2021.619638
https://doi.org/10.3390/su14020926
https://doi.org/10.1016/j.cosust.2010.12.004

	Introduction
	Material and methods
	Study area
	Methodology and analytical approach

	Results
	Discussion
	Conclusions

