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Abstract

In the context of urban centres exposed to climate change, spas represent a distinct and vulnerable cluster.
Their sensitivity stems both from the health profile of spa visitors—often more susceptible to adverse
weather—and from their reliance on local natural resources that justified their original therapeutic
designation. These vulnerabilities are increasingly exacerbated by climate-related risks such as sea level rise
(SLR), extreme weather, and environmental degradation. This article assesses the resilience of Polish Baltic
spa towns to climate threats and proposes recommendations for future adaptation policies. Addressing a
gap in the literature, the study integrates spatial, environmental, legal, and socio-economic dimensions into a
local-scale assessment of small and medium-sized coastal spas. These towns vary in their spatial position
within the settlement system, from metropolitan peripheries to isolated localities. A multi-criteria case study
approach is applied, using indicators related to development prospects, spatial identity, and exposure to
flooding and SLR. Spatial simulations (1-m and 5-m SLR scenarios) are used to identify risks to core spa
infrastructure and supporting assets. Existing climate adaptation policies are also reviewed to assess
institutional readiness and inform context-sensitive resilience strategies.
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1. Introduction

Health resorts gained popularity in Europe during the Enlightenment era (Dargacz, 2020), initially developing
inland around mineral springs, especially within the temperate climate zone (Kask & Raagmaa, 2010).
Coastal spa tourism, based on the therapeutic benefits of sea bathing and maritime climate, emerged later,
in 18th-century England, followed by Germany and the Prussian Baltic coast in the early 19th century
(Dargacz, 2020).
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This article assesses the resilience of Polish Baltic spa towns in the face of climate change and proposes
recommendations for future adaptation policies. The analysis focuses on small and medium-sized coastal
towns, each with distinct functional roles—ranging from metropolitan nodes to peripheral localities.
The following research questions guide this study: To what extent are Polish coastal spas vulnerable to
climate risks, particularly sea level rise (SLR) and extreme weather? And how might the spatial, functional,
and institutional characteristics of these resorts support or hinder their resilience?

Spa zoning regulations and environmental quality criteria are typically more attainable in less urbanised
settings. This creates opportunities to develop niche strategies in medical tourism, which is particularly
relevant considering Europe’s ageing population (GUS, 2024) and increasing health consciousness (Smith &
Puczkd, 2015). However, small-town camaraderie brings structural limitations: constrained public finances
and reduced flexibility in the face of economic shocks, compared to larger multifunctional centres.

In contrast to the collapse of British health resorts in the 1960s and 1970s (Kask & Raagmaa, 2010), Polish
spas remained viable due to state-funded health access and restrictions on foreign travel during the socialist
era. However, following the political transformation of the 1990s, outdated infrastructure and limited
competitiveness became pressing challenges (Bachvarov, 2006; Dryglas & Smith, 2023). Efforts to modernise
were undertaken through private investment, either via privatisation or public-private partnerships. In many
cases, public protests halted full privatisation, preserving key spa functions. The offer was supplemented by
private wellness facilities, yet serious gaps remain—particularly in upgrading ageing municipal infrastructures.

Present-day challenges include high costs of modernisation, excessive noise, air pollution (Gorczyca, 2024;
Wirszyc-Sitkowska & Medrzak, 2017), and inadequate healthcare service standards (Wirszyc-Sitkowska &
Krawczyk, 2019). These factors collectively threaten the formal spa designation of many towns.

Climate change exacerbates these pressures. Beyond affecting people and infrastructure, it directly threatens
the natural resources underpinning this spa’s status. Coastal spas are particularly vulnerable to SLR and coastal
erosion (IPCC, 2023; Meier et al., 2022). Spatial exposure to flooding and salinisation calls into question the
long-term viability of some spa zones. In this context, evaluating the continued relevance of the spa function—
and the implementation of effective preventive and corrective measures—becomes imperative.

2. Conceptual Framework
2.1. Socio-Ecological Resilience

In the context of the climate crisis, the concept of urban resilience has evolved significantly. Initially rooted
in ecosystem theory (Holling, 1973), it now extends to the resilience of complex urban systems (Meerow
et al., 2016). Unlike traditional risk management, resilience management addresses the uncertainties of large,
integrated systems and future climate-related threats (Linkov et al., 2014). Communities form interconnected
social-ecological systems, with resilience shaped by the ecosystems they inhabit (Adger, 2000; Chapin et al.,
2006; Walker & Salt, 2012).

Anthropogenic pressures generate feedback loops that can either destabilise (positive feedback) or stabilise
(negative feedback) such systems (Liu et al., 2007). These dynamics are particularly relevant in spa towns,
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where natural resources, cultural identity, and health functions intersect. As Goldstein et al. (2015) argue,
urban resilience research must also consider symbolic and social meanings attributed to places by local
communities. Adaptive capacity—the ability to mobilise resources for transformation—bridges ecological
resilience with social benefits (Nelson et al., 2007).

2.2. Spatial Identity and Location Context

Spa towns typically exist either as standalone health destinations or as part of larger recreational
agglomerations. In the former, the spa defines the settlement’s core function; in the latter, it contributes to a
broader tourist or urban system (Pencakowska, 1978; Wectawowicz-Bilska, 2008). Due to the concentration
of development and attractiveness of the Baltic coast, all analysed coastal spas fall into the agglomeration or
conurbation category, making spatial identity relevant not only to the spa itself but to the entire urban belt.

Spas are characterised by distinct spatial structures, including public spaces that are rich in greenery—
particularly the historic “cure parks” (Langer, 2020). Many spas retain protected monumental trees (Meller &
Bernat, 2019) and other conservation areas near their central zones (CRFOP, 2024). In seaside towns, spatial
form is further shaped by the presence of the sea, with promenades and piers reflecting the therapeutic
appeal of marine air and bathing (Foley, 2016). Architectural elements and urban furnishings also express
regional identity, although these are increasingly threatened by poor spatial planning (Bal, 2009; Bal &
Czalczynska-Podolska, 2020).

2.3. Trends

Understanding resilience in coastal resorts requires recognising evolving in-demand trends. In the
19th century, spas served the elite (Dargacz, 2020), but after World War I, social security and welfare
policies made spa treatments broadly accessible (Diekmann et al., 2020). Today, there is increasing demand
for wellness infrastructure that goes beyond resource-based therapies (Boc¢kus et al., 2024).

Spa and wellness tourism is expanding in Eastern Europe, with Poland already positioned in this niche
(Yonov, 2024). Though the Covid-19 pandemic caused a temporary decline, by 2022, client numbers had
rebounded to 2019 levels. Spa hospitals now serve both insured and commercial clients, with the latter
group—particularly seniors—steadily growing (Urbas, 2023). A German study indicated a strong preference
among seniors for seaside spas (Diller et al., 2023), suggesting Polish coastal resorts may attract similar
interest. According to Dryglas and Rézycki (2016), both commercial and public clients value natural
resources, but non-commercial users especially appreciate contact with nature. Demand is increasingly
driven by a desire to restore mental wellbeing (cf. De Vries et al., 2013; Dzhambov et al., 2021; Wang et al.,
2019), a trend reinforced during the pandemic (Global Wellness Institute, 2021; Venter et al., 2021).

2.4. Impact of Climate Change

Climate change impacts on coastal regions can be assessed from two temporal perspectives: current
phenomena and future projections. Along the Polish Baltic coast, the observed effects are already significant.
Sea levels have been rising by 3-4 mm per year since 1995, with faster increases in the east (Tomczyk &
Bednorz, 2022). Although the frequency of storms has not changed markedly, storm surges have intensified
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due to higher sea levels, accelerating coastal retreat and threatening spa infrastructure (Soomere, 2024;
Styszynska et al., 2018).

Other hydrometeorological extremes affecting the region include high and low sea levels, windstorms, extreme
waves, heavy rainfall, ice ridging, drought, and sea-effect snow (Rutgersson et al., 2021). Air and sea surface
temperatures are also increasing, particularly in winter and spring. These trends contribute to harmful algal
(cyanobacteria) blooms, which can release toxins and degrade bathing water quality, posing health risks and
undermining spa attractiveness (Btaszczyk et al., 2021; Ibelings et al., 2016; Kownacka et al., 2021; Munkes
et al,, 2021).

Rising summer temperatures also increase heat stress, particularly for vulnerable groups such as the elderly
and people with cardiac conditions (Btazejczyk & Kunert, 2011; Matthies & Menne, 2009). However,
fluctuations in temperature, humidity, and wind limit the predictability of this risk (Kuchcik et al., 2021).
The sea breeze and surrounding greenery in coastal resorts help mitigate heat stress effects (Dailidé et al.,
2022; Wong et al., 2021).

Warming also affects snow cover duration and Baltic Sea ice extent (Styszynska et al., 2018), contributing to
hydrological drought and threatening ecosystems like peatlands and urban greenery (Choat et al., 2018; Minick
etal,, 2019). Although coastal medicinal water intakes are generally safe due to their depth (Davie, 2019; Polish
Geological Institute - National Research Institute, 2024), long-term protection remains necessary.

Looking ahead, SLR is one of the most certain consequences of climate change. Even under low-emission
scenarios, thermal inertia ensures a continued rise. In a high-emission SSP5-8.5 scenario, global sea levels
could rise by 0.63-1.01 m by 2100, with 2 m possible under a 1.5 °C warming and over 5 m under 2 °C
(IPCC, 2023). The regional SLR will likely reach about 87% of the global mean, though local factors—e.g.,
land subsidence, coastal morphology—create variation and uncertainty (Cazenave & Cozannet, 2014; Griggs
& Trenhaile, 1994; Meier et al., 2022).

Additional projections include more frequent summer droughts in the southern Baltic basin and long-term
ecosystem restructuring driven by rising sea temperatures (Meier et al., 2022; Neumann, 2010).

2.5. Formal Conditions for Spa Resilience

The resilience of Polish spa towns is shaped by formal conditions grounded in national legislation and spatial
policy. According to the Act of 28 July 2005 on spa treatment, spa status requires the presence of natural
resources with proven therapeutic value—specifically mineral waters and a climate with documented health
benefits (Sejm of the Republic of Poland, 2005, Art. 34). While urban transformation is allowed, any changes
compromising the spa’s core functions or natural assets may lead to the loss of this official status.

A key spatial resilience tool is the system of spa protection zones, which integrates therapeutic, environmental,
and planning standards (Art. 38). The law defines three zones:

e Zone A: > 65% green space, including treatment facilities;
e Zone B: > 50% green space, allowing limited services and housing;
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e Zone C: > 45% biologically active space, focusing on landscape and climate protection.

These zones highlight areas of vulnerability while providing an institutional framework for adaptive capacity
through mandated green space preservation.

This legal framework is supported by national and regional climate adaptation strategies, including the
Strategic adaptation plan for sectors and areas vulnerable to climate change by 2020 with the prospects
until 2030 (Ministry of Environment, 2013), flood risk management plans, drought management plans,
retention and water management programmes, and the Maritime Spatial Plan (Council of Ministers, 2021).
Under the Water Framework Directive (Commission of the European Communities, 2000), Poland delineates
flood risk areas (ARFs) every six years, factoring in climate impacts (Sejm of the Republic of Poland, 2017).

Municipal responsibility for flood and climate risk management has evolved through the Crisis Management
Act (Sejm of the Republic of Poland, 2007) and more directly via the Water Law (Sejm of the Republic of
Poland, 2017). A major change came with the Act of 27 November 2024, which mandates climate adaptation
plans (CAPs) for all towns over 20,000 residents by 2028 (Sejm of the Republic of Poland, 2024, Art. 96a),
with updates every six years.

Among coastal spas, this requirement applies to Sopot, Swinoujécie, and Koszalin, though several smaller
towns have voluntarily begun developing a CAP with EU and national support.

Despite this framework, small and medium-sized coastal spas remain under-analysed in climate adaptation
literature. Their dual vulnerability—social (patient demographics) and environmental (SLR, eutrophication,
microclimate loss)—is rarely addressed through integrated, local-scale assessments that combine zoning,
spatial structure, and risk modelling.

3. Methodology and Scope of the Study

The study used a multi-criteria analysis approach combining spatial, environmental, and socio-economic
factors to assess the resilience of selected Baltic Sea resorts in the context of climate change. Following the
literature review and analysis of the legal conditions described above, case studies were conducted.
The research focuses on centres that currently have official spa status under Polish law: Swinoujscie, Kamien
Pomorski, Kotobrzeg, Dabki, Ustka, and Sopot. The factors considered can be divided into three groups:
development prospects, internal spatial specificity, and risk exposure.

Each case study is introduced with a description of its location within the region (based on scientific literature,
strategic documents, and the authors’ own research) and a presentation of the demographic situation showing
the population of the town in 2023 and its change over the decade—the data comes from the Local Data
Bank of the Central Statistical Office (GUS, 2024). The exception here is Dabki, for which, due to its lack of
municipality status, data were available for 2021, but the description was supplemented with a comparison
for the municipality analogous to other cases.

Next, based primarily on a monographic publication by Wectawowicz-Bilska (2021), the historical context of
the health resort is presented, supplemented with data on accommodation in tourist facilities and their
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seasonality, as well as changes in these figures over a decade (GUS, 2024). Against this background, the
number and change in the number of places in health resort facilities (GUS, 2024) are also shown.

The description is accompanied by information on the type of medicinal mineral and the ownership status of
the health resort complex (Ministry of Health, 2024).

The above information is supplemented with data on current threats to the status of the health resorts, which
come from health resort reports prepared for individual health resorts.

The case studies also include a spatial analysis showing the projected threats to the basic and key
complementary elements of the spatial structure of health resorts coming from the sea.

The group of basic components includes the locations of medicinal mineral deposits and health resort
protection zones (A, B, and C)—spatial data for both were obtained from the Polish Geological Institute -
National Research Institute (2024). Key complementary elements are phenomena whose occurrence is not
required by the status of a health resort, but other forms of protection confirm their special significance for
the identity of the health resort. These include:

e Areas covered by forms of nature protection—spatial data obtained from the Central Register of Forms
of Nature Protection maintained by the General Directorate for Environmental Protection (2024);

e Heritage conservation areas—spatial data obtained from the Zabytek.pl portal maintained by the
National Heritage Institute (NID, 2024).

The spatial analysis covered three areas: (a) the extent of ARF; (b) a scenario of a 1-m SLR (SLR 1 m); and
(c) a scenario of a 5-m SLR (SLR 5 m).

The ARF boundaries were derived from the National Defence Information System (ISOK) and were
determined according to the following criteria: hydrography; topography; land use; description of historical
floods; assessment of the potential negative effects of future floods; and forecast of long-term changes, in
particular the impact of climate change on the occurrence of floods—based on the percentage change in
Q90 flow intensity in the RCP 4.5 and RCP 8.5 scenarios for 2050 (Paristwowe Gospodarstwo Wodne Wody
Polskie, 2018).

Two further scenarios were based on the high-emission SSP5-8.5 scenario IPCC: SLR 1 until around 2100
and SLR 5 in the case of a 2 °C temperature increase.

Due to uncertainty about the progress of mitigation measures and the dynamics of the phenomenon, the
authors did not specify a specific time horizon; the scenarios illustrate the direction of the phenomenon'’s
development within the local area. The scope of the simulation covers a buffer zone of 500 m from the border
of the health resort area (i.e., outside the health resort).

The study also examined the presence and scope of the CAPs in each municipality, assessing their compatibility
with the resilience needs of the health resorts.

The results of the case studies, supplemented by the issues discussed horizontally in the introduction and
conceptual framework, were used to formulate conclusions.
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4. Case Studies

As mentioned, the following case studies cover all Polish coastal towns with spa status, which represent a
wide range of development conditions. To begin with, a summary of the basic data is provided (Table 1), along
with a presentation of their population size (Figure 1) and its changes (Figure 2) against the backdrop of the
settlement structure.

Table 1. Basic information about the spas that were surveyed.

Swinoujscie Kamien Kolobrzeg Dabki Ustka Sopot
Pomorski

Population (2023) 38,904 8,291 43,426 308 (2021) 13,722 31,903
Port + + + - + -
Number of places 1,237 614 6,692 1,311 374 647
in spas (2023) (Commune)
Number of peloid 1 1 1 1 0 0
deposits
Number of 3 1 5 0 1 1
medicinal (brine)
water deposits
Number of spa 10 11 5 6 7 6

faculties

\
Swi no'L‘ljs’cie

Kamien Pomorski

A

l__| metropolitan areas / urban functional areas
population in 2023
[] 469-2500
[ 2500-5000
[ 5000-10000
[] 10000-25000
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[ S— I 300000-400000

I 400000-487371

Figure 1. Seaside spa resorts against the backdrop of the settlement network of northern Poland (population
as of 2023). Source: Based on data from GUS (2024); OpenStreetMap.
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Figure 2. Seaside spas against the backdrop of the settlement network of northern Poland (population change
between 2013 and 2023). Source: Based on data from GUS (2024); OpenStreetMap.

Swinoujécie is a border city-archipelago on the Swina Strait and the Baltic Sea, encompassing 44 islands, with
most urban functions concentrated on three. It is part of the Szczecin Metropolitan Area and forms a segment
of a cross-border spa-resort conurbation including Kamien Pomorski, Dziwnéwek, Miedzywodzie, Ahlbeck,
and Heringsdorf (Wectawowicz-Bilska, 2021). The city had 38,904 residents in 2023—a decline of 5.96%
over the past decade (GUS, 2024). Its economy is driven by the Szczecin-Swinoujécie Port Complex, Poland’s
third-largest seaport (GUS, 2024).

Established as a resort in 1824 and a spa in 1895 following the discovery of brine and peloid resources,
Swinoujécie retains traces of its historical spa identity through the spatial layout and large historic parks,
despite extensive wartime destruction (Wectawowicz-Bilska, 2021).

Swinoujscie stands out among Polish coastal destinations for its year-round readiness. In 2023, 84.5% of
accommodation places were operational year-round—8,965 year-round spots (+30.8% since 2013) versus
2,589 seasonal (+8.1%). Spa infrastructure includes 1,237 spa beds (+41.7% over the decade). The city holds
three deposits of medicinal water and peloids. Zone A lies adjacent to the seashore. A 2010 privatisation
attempt of the spa hospital was blocked by union and government resistance, resulting in a regional takeover.

A 2023 spa report identifies several threats to spa status. Non-climate-related risks include traffic noise (not
in Zone A) and air pollution—e.g., benzo(a)pyrene from outdated heating systems and elevated ozone levels
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linked to weather, transport, and regional pollution influx. Water quality also poses a risk: The Szczecin Lagoon
is eutrophic, worsened by nutrient flows from the Oder River and local pollution sources (Municipality of
Swinoujscie, 2023).

Climate-related hazards include forest fires (due to extensive forest cover) and flooding, which affects parts
of the city—minimally in Zone A. The 1-m SLR scenario would not endanger Zone A aside from beach loss,
but parts of the harbour and southern Zone C (allotment gardens) would be inundated. A 5-m SLR would
devastate the city (Figure 3).

ARFs overlap with recreational areas along the coast (including Natura 2000 sites), parts of all spa zones, and
areas near medicinal water intakes (Figure 3). A CAP, adopted in 2023, focuses on thermal risk reduction
through urban greening but omits SLR scenarios.

D

i //// £

Legend : , , Loy
D Spa protection zone “A” 4 Medicinal waters 7/ Area at risk from flooding e Natural monuments

|:| Spa protection zone “B” [ Therapeutic muds Sea level rise 1 m Natura 2000

|:| Spa protection zone “C” Sea level rise 5 m

i "I Heritage conservation areas

Figure 3. Simulation for Swinoujscie.

Kamien Pomorski lies in the floodplain of the Dziwna Strait, which forms the Kamienski Lagoon. It is part of
a cross-border spa-resort corridor extending towards the German Basin (Wectawowicz-Bilska, 2021), but is
less connected to major urban centres than Swinoujscie. In 2023, the town had 8,291 residents—a decline of
8.59% over the decade. The surrounding rural area (population 5,140) also saw a decline of 5.41% (GUS, 2024).

Although the town dates to the 12th century (Stepinski, 1975), its spa function emerged in the late
19th century. Following a 60% wartime destruction (Kwilecki, 1979), it retains average cultural value
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(Wectawowicz-Bilska, 2021), with the Old Town—coinciding with Zone A—being its most historically
significant area.

Kamien Pomorski's tourism offer is oriented towards year-round visitors. In 2023, 91.2% of accommodations
were available year-round (685 places, +11.9% over the decade), while seasonal places reached 66 (+66.7%).
The town had 614 spa beds in 2023—a 41% increase since 2013 (GUS, 2024).

Within the town limits are an exploited mud deposit and a medicinal water deposit, now mostly under private
ownership since 2021.

Key threats to spa continuity include dispersed urban development and anthropopressure on ecologically
sensitive areas. Fragmentation of ecological corridors and unchecked tourism in protected zones contribute
to environmental degradation. Intensive agriculture also threatens groundwater quality through nutrient
runoff. Much of Zone A lies in a flood risk area, where reduced river catchment capacity—due to
urbanisation—exacerbates flooding (Municipality of Kamiern Pomorski, 2018).

The spatial analysis confirms that both Zone A and large portions of the town fall within the ARF, including

peatlands in Zone C. A January 2025 storm surge cut off Chrzaszczewska Island in Zone C (Krasnicki, 2025).
A 1-m SLR closely matches current ARFs, while a 5-m SLR would likely destroy the town (Figure 4).
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g ;//// ‘ 7,
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i"I Heritage conservation areas

Figure 4. Simulation for Kamiert Pomorski.
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Kamien Pomorski lacks a citywide climate adaptation plan but began a pilot project in 2024—the Adaptation
of the Urbanised Areas of the Municipality of Kamien Pomorski to Climate Change project—focussed on
improving microclimates in key public spaces via blue-green infrastructure.

Kotobrzeg is part of the central southern Baltic spa and resort agglomeration and is functionally linked to
nearby Koszalin. In 2023, it had 38,904 residents, a decline of 5.96% over the past decade (GUS, 2024).

While Kotobrzeg dates back to the Middle Ages, spa development began in the early 19th century. Due to
wartime destruction, it is considered to have medium cultural value (Wectawowicz-Bilska, 2021). The city
includes Natura 2000 sites, a protected landscape area, and monumental trees.

Kotobrzeg's tourism offer is strong year-round. In 2023, 84.5% of its accommodation was year-round
(8,965 places, +30.8% over the decade), while its seasonal beds fell by 40.5% to 2,589. Spa capacity reached
6,692 beds in 2023—a 13% increase since 2013. The spa includes one peloid intake and five medicinal water
deposits. Attempts to privatise the health resort were blocked, and it remains publicly managed (GUS, 2024).

Challenges to spa continuity include urbanisation pressure, air pollution during the heating season, and traffic
noise in Zone A. Additionally, nutrient loads from the Parseta River contribute to eutrophication (Municipality
of Kotobrzeg, 2023).

The ARFs are concentrated near the Parseta River and touch the eastern edge of Zone A, which includes
valuable peatlands and marshes. These areas are relatively undeveloped and distant from key public spaces.
A 1-m SLR would result in substantial flooding, particularly in eastern Zone A and along the river. A 5-m SLR
scenario would nearly destroy the city, sparing only a small enclave in the historic centre (Figure 5).

Although Kotobrzeg lacks a CAP, the Smart City strategy adopted in 2021 includes plans for such a document
and a retention scheme, though neither has yet been implemented (Municipality of Kotobrzeg, 2021).

Dabki is a village in the Dartowo commune, with a population of 308 in 2021. The wider municipality had
7,596 residents in 2023, down 5.4% over the decade (GUS, 2024). Located far from major cities, Dabki is part
of a string of coastal spa and resort towns.

It is the youngest of the Polish seaside spas, having developed only in the late 20th and early 21st centuries
(Wectawowicz-Bilska, 2021). Traces of local history remain in four preserved fishing huts. The town’s defining
feature is the narrow strip of land between the Baltic Sea and Lake Bukowo, where most of Zone C lies.
The area includes Natura 2000 sites, a protected landscape area (covering Zones A and B), and a group of
natural monuments near the spa.

Tourism in the Darfowo commune remains highly seasonal. In 2023, seasonal accommodation reached
4,532 beds (a 30.2% decrease over a decade), while year-round beds increased by 81.2% to 1,066. Spa
capacity grew by 145%, reaching 1,311 beds (GUS, 2024).

The resort is publicly owned, with confirmed peloid therapeutic properties and recent investments from local
and state budgets.
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Figure 5. Simulation for Kotobrzeg.

The 2017 spa report highlights traffic noise in Zone A and air quality concerns. Dabki is also highly vulnerable
to flooding (Commune of Dartowo, 2017). Due to its low elevation between the sea and the lake, the ARF
includes all of Zone A, most of Zone B, and large parts of Zone C—encompassing public spaces, spa facilities,
and the mud deposit. Even with a 1-m SLR, much of the area would be submerged (Figure 6).

As of 2025, the Dartowo commune lacks a CAP.

In 2023, Ustka had 13,722 residents, a 15.6% decline over the decade. The surrounding rural municipality
recorded a population of 8,026, with minimal growth (+0.12%; GUS, 2024). Ustka is part of the Stupsk
Urban Functional Area, which had 160,588 residents in 2020, reflecting a 1.3% population decline since
2011 (Strategy 2022-2030). In addition to its spa, Ustka's economy is supported by a seaport and
associated industries.

Spa development began in the early 20th century and accelerated post-1950s. The town is considered to have
average cultural value (Wectawowicz-Bilska, 2021). Tourism remains highly seasonal: in 2023, seasonal places
reached 5,327 (+8% over a decade), while year-round places rose by 34% to 2,933. In 2023, Ustka offered
374 spa beds—a 45% decline from 2013, with a 55% drop between 2019 and 2021.
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Figure 6. Simulation for Dabki.

The primary spa resource is medicinal water. After partial privatisation in 2010, the spa has operated as a
private entity with ongoing infrastructure investment.

Key threats include investment pressure and traffic noise, both affecting Zone A (Municipality of Ustka, 2008).
ARF is concentrated along the coast, covering parts of all zones, including the promenade (Zone A) and harbour
quays (Zone C). While a 1-m SLR affects only a narrow coastal strip (largely overlapping with ARF), widening
the Stupia River estuary could flood ecologically valuable areas in Zone C. A 5-m SLR would inundate much
of Zone C, reaching areas near the spa’s water intake at the Zone A boundary (Figure 7).

Ustka adopted a CAP in 2020 (horizon: 2030), aimed at increasing the resilience to heavy rainfall, flooding, and
drought. Measures include a monitoring system, emergency service planning, reconstruction of the harbour
entrance, and the construction of open reservoirs.

Sopot lies within a major spa and resort corridor (Wectawowicz-Bilska, 2021) and, despite its small size, plays
an outsized role due to its position in the Tri-City metropolitan area (Lorens & Goledzinowska, 2022). The spa
established in the early 19th century was the catalyst for the city’s development (Stankiewicz & Szermer,
1959) and holds high cultural value (NID, 2024; Wectawowicz-Bilska, 2021). Almost all of Zone A is protected
as an area monument. Natural assets are extensive, including monumental trees (all zones), a nature reserve
(Zone C), and part of the Tri-City Landscape Park (Zones A2 and C).
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Figure 7. Simulation for Ustka.

In 2023, Sopot had 31,903 residents—a 15.8% population decline over the decade (GUS, 2024). In contrast,
the broader metropolitan area, including Gdansk (pop. >1.6 million), is growing (Obszar Metropolitalny
Gdansk-Gdynia-Sopot, 2024).

The city's tourism figures are difficult to assess directly due to the proximity of Gdansk and Gdynia. In 2023,
75% of tourist beds were available year-round (4,837, +47.4% since 2013), while seasonal beds rose
dramatically to 1,657 (a 1,690% increase from zero). The number of spa beds rose slightly to 647 (+2%;
GUS, 2024).

The city has one medicinal water intake, located in Zone A1l by the coast, while Zone A2 lies in forested
uplands. The health resort remains city-owned. Between 1997 and 2009, major upgrades were completed via
a public-private partnership.

Key risks include traffic noise in Zone A1 (LEMITOR Ochrona Srodowiska, 2022) and cyanobacterial blooms,
exacerbated by summer warming and nutrient inflows (Btaszczyk et al., 2021; Municipality of Sopot, 2020).
Although the storm risk is low, Sopot faces future SLR. A 1-m SLR would impact only the beach area, but
a 5-m SLR would submerge Zone Al and much of Zone B, including historic areas. Zone A2 would remain
unaffected due to its elevation (Figure 8).
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Figure 8. Simulation for Sopot.

Sopot’s CAP (horizon: 2030) includes both organisational and infrastructural measures: dune reinforcement,
climate monitoring, service coordination, and planning document updates. Notably, it is the only spa to
consider decommissioning infrastructure in future risk zones.

In summary, certain characteristics, such as population loss, are horizontal for all the studied centres, even
though there is significant variation in several other factors, including development prospects, internal
specificity, and identified threat areas. The following table lists the most important features for each centre
(Table 2).
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Table 2. Summary of the case studies.

Spa locality Key conditions Exposure risk CAP
(ARF/SLR)
Development Internal spatial
prospects specificity
Swinoujécie strong port economy historic spa parks, moderate ARF risk adopted (2023), lacks
. multiple brine/mud . L SLR response
metropolitan area deposits minor flooding in
P Zone A (SLR 1m)
poor air quality catastrophic SLR 5m
moderate cultural scenario
and natural values
Kamien small town; some Old Town overlaps extensive ARF and partial, via
Pomorski private investment with Zone A SLR 1m exposure blue-green
moderate tourism moderate cultural (esp. Zones A & C) infrastructure project
growth and natural values high risk of
ecosystem
fragmentation
catastrophic SLR 5m
scenario
Kotobrzeg high year-round extensive spa AREF risk near the Smart City strategy
tourism infrastructure Parseta River (2022), no CAP yet
functional urban area  poor air quality mud deposit at risk
with SLR 1m
moderate cultural
and high natural catastrophic SLR 5m
values scenario
Dabki peripheral; high unique spit-land Zone A almost fully no CAP; high priority
seasonal fluctuation setting between sea within ARF for protection
significant increase in and lake heavy flood risk even
spa beds poor air quality with SLR 1m
low cultural but high  catastrophic SLR 5m
natural values scenario
Ustka moderate spa facility under ARF overlaps key spa  adopted (2020) with
development of private ownership zZones a long-term focus
tOUFIS‘t and spa noise SLR 1m threatens
function eee
coastal facilities
functional urban area moderate cultural
and natural values severe SLR 5m
scenario
Sopot highly valued spaand dual Zone A ARF minimal comprehensive CAP
wellness tourism structure to 2030

SLR 1m minor effect

metropolitan area includes resilient on beach includes SLR and

forested areas decommissionin
severe SLR 5m . g

(Zone A2) . scenarios
scenario (A2 stays

noise intact)

high cultural and

natural values
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5. Discussion

The results of the analyses contribute to a broader body of research on the resilience of local communities
and urban systems under pressure from climate change and other anthropogenic factors. In this context,
coastal spas demonstrate a degree of infrastructural and functional resilience, particularly in their ability to
maintain both core and ancillary spa services (Konecka-Szydtowska, 2018). This discussion critically reflects
on these findings, especially regarding the specific climate-related challenges faced by spas and their
potential adaptation strategies.

Although the scientific consensus on climate change is strong, projections regarding localised long-term
impacts remain uncertain due to the complexity of climatic interactions (Meier et al., 2022; Styszynska et al.,
2018; Zscheischler et al., 2018). Some studies suggest that certain regions of Europe may experience fewer
adverse weather days, potentially enhancing tourism and lengthening the spa season (Djordjevic et al., 2016;
Rossell6-Nadal, 2014). However, given the vulnerability of natural spa assets and infrastructure, this
scenario requires cautious interpretation.

Importantly, the study confirms that environmental quality issues—independent of climate change—already
threaten the status of health resorts. This underscores the importance of proactive adaptation, which can
be framed through the lens of a triple dividend of resilience approach (Heubaum et al., 2022). This
model highlights:

e First dividend: avoided climate-related losses;

e Second dividend: induced economic and development benefits;

e Third dividend: social and environmental gains from resilience-building—including the resolution of
existing structural or environmental issues.

Notably, the second and third dividends occur regardless of whether projected climate impacts materialise,
reinforcing the value of investing in adaptation.

To guide implementation, adaptation measures can be structured across three planning horizons (see
Supplementary File):

e Up to 2034 (short-term);
e Up to 2050 (mid-term);
e Up to 2150 (long-term), with flexibility to extend the timeline as new information emerges.

Despite negative demographic trends—most pronounced in Sopot—the spa towns analysed retain a strong,
well-established resort image that continues to attract both visitors and investors. In some cases, economic
resilience is bolstered by structural advantages, such as large-scale port operations (e.g., Swinoujécie) or
proximity to metropolitan cores (Swinoujscie, Sopot), which help buffer fluctuations in the tourism sector
(Szymanska & Wisniewska, 2022).

Importantly, local and regional actors have, in several instances, successfully resisted the privatisation of spa
infrastructure. As a result, four of the six spas remain publicly owned, reinforcing community influence over

Urban Planning ¢ 2025 ¢ Volume 10 o Article 10277 17


https://www.cogitatiopress.com

S cogitatio

strategic assets. In all cases, the local tourism economy continues to benefit from cultural and natural values
linked to spa specialisation. Strengthening resilience, therefore, requires not only protecting these assets but
also empowering local authorities to lead coordinated adaptation efforts that include private stakeholders.

The CAPs currently in place prioritise issues such as flood control, stormwater retention, monitoring, and
microclimate regulation, which is consistent with national guidelines and their shared 2030 time horizon
(Ministry of Environment, 2017). Among them, Sopot’s CAP stands out for adopting long-term, strategic
goals: protecting and restoring coastal dunes, revising spatial plans, and prohibiting development in high-risk
flood zones. Research suggests that coastal protection strategies aimed solely at land preservation often
prove ineffective in the long term (tabuz, 2013).

Despite their limitations, the current CAPs place appropriate emphasis on blue-green infrastructure, which
is critical in spa towns where high proportions of green space contribute to microclimatic stability. However,
many spa zones also contain extensive sealed surfaces (e.g., roads, harbour areas), reducing adaptive capacity.
Increased urbanisation and rising temperatures may undermine the natural heat balance mechanism provided
by sea breezes—once a major locational advantage (Xie et al., 2023).

Although the current 1-m SLR scenarios do not critically affect the core spa functions in most towns, they do
pose risks to essential public infrastructure—promenades, waterfronts, and harbour basins. In contrast, a 5-m
SLR would result in the wholesale transformation of water systems and ecosystems (IPCC, 2023; Meier et al.,
2022), moving the issue beyond resilience and into the realm of transformability—the capacity to build a new
system when the existing one becomes unsustainable (Walker et al., 2004).

6. Conclusions

When analysing the socio-economic determinants of spa resilience, it is important to emphasise that spa
accommodation constitutes only a portion of the overall tourism base, with its significance varying by
location. In four of the six cases studied, strong local and regional opposition successfully halted
privatisation, ensuring continued public ownership of key spa assets. These centres benefit not only from
cultural and natural heritage but also from their distinct spa specialisation. Local authorities thus have a dual
responsibility: implementing adaptation strategies and coordinating broader resilience-building processes in
collaboration with private actors.

This study confirms that all Polish Baltic spa towns are already experiencing environmental quality issues
and face a range of climate-related risks. However, the scale and nature of these threats vary based on the
location, degree of urbanisation, and local governance structures. While demand for spa services is rising,
delays in infrastructure modernisation and environmental pressures necessitate corrective actions, many of
which can double as climate adaptation measures.

The spa protection zone framework (Zones A, B, and C) offers a spatial basis for adaptation. Yet,
enforcement and flexible management remain inconsistent or outdated. Future CAPs should prioritise
preserving and enhancing spa and health-promoting functions—assets closely tied to local identity and less
dependent on seasonal tourism. These also enable more efficient infrastructure use throughout the year.
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The immediate planning priority is to ensure that local spatial development plans comprehensively cover spa
areas and (a) prohibit development in flood-prone areas, (b) control chaotic urbanisation that erodes cultural
identity and adaptive capacity, and (c) reserve land for alternative public uses and spa infrastructure.

This is particularly urgent for Dabki; in the long term, all centres should establish spatial reserves—except for
Sopot, which already benefits from the elevated and resilient A2 zone surrounded by protected forest.

In terms of organisational measures, efforts must target the reduction of eutrophication, both regionally and
locally, to mitigate annual cyanobacteria blooms, while improving air quality and noise reduction should also
be prioritised in Swinoujscie, Kotobrzeg, Dabki, Ustka, and Sopot.

This study provides an outline of the problem. Further research is needed at different scales. The first is the
in-depth modelling of local phenomena for the development of specific centre policies. This group includes
issues such as changes in the healing properties of the climate, changes in the microclimate, the vulnerability
of green areas to hydrological drought, and the projected impact of storm surges on specific parts of a locality
after SLR. Another scale involves analysing and forecasting phenomena at a regional level, e.g., the potential
development of spa and health tourism over time, and analysing climate change trends. Finally, a further
research issue is how to build the resilience of Baltic spas within the framework of national policies or the
European Union cohesion policy, and to what extent.
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