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Abstract. Small Island Developing States (SIDS) depend fundamentally on the ocean for their societies,
economies and livelihoods, yet they are among the regions most exposed to ocean changes. Here we present
an ocean narrative that quantifies the environmental, economic and societal dimensions of this exposure using
a suite of integrated ocean indicators. Through their Exclusive Economic Zones (EEZs), SIDS cover approxi-
mately 8 % of the global ocean and 15 % of the tropical ocean (30° S-30° N), encompassing globally important
biodiversity hotspots, including coral reefs, mangroves and seagrasses. At the same time, 65 % of their EEZ area
is experiencing accelerated sea-level rise, widespread ocean warming, and 56 % of EEZs exhibit rapid (above-
global-average) increases in tropical cyclone heat potential since 1960, which represents the ocean heat available
to fuel cyclone intensification. Nearly one-third of the SIDS EEZ area contains coral reefs classified as vulner-
able, endangered or critically endangered, and one quarter of these reefs have experienced severe accumulated
marine heat stress. Coastal hazards are further illustrated by cumulative tropical cyclone damages exceeding
50 % of national GDP in approximately 40 % of assessed SIDS, while nearly 20 % of assessed SIDS have ex-
perienced storm surges exceeding 3 m. Nature-based coastal protection also emerges as a critical component of
climate resilience, with mangrove ecosystems for example providing annual avoided damages exceeding USD 1
million in 18 SIDS. This ocean narrative highlights the dual role of SIDS as custodians of globally important
marine ecosystems and sentinels of ocean and climate change, and demonstrates the need to integrate ocean data

and science, ecosystem health and resilience and climate risk assessment into ocean governance.

1 Introduction

Small Island Developing States (SIDS) in all ocean basins
share both commonalities in their exposure and vulnerability
to ocean changes. The SIDS were recognized as a distinct
group of developing countries facing specific social, eco-
nomic, and environmental vulnerabilities at the United Na-
tions Conference on Environment and Development (Earth
Summit, June 1992 in Rio de Janeiro, Brazil, https://www.un.
org/en/conferences/small-islands, last access: 16 June 2026).
This group of states comprises 40 UN Member States' and

IThe 40 SIDS that are signatories to the Paris Agreement in-
clude: Antigua and Barbuda, Bahamas, Bahrain, Barbados, Belize,
Cabo Verde, Comoros, Cook Islands, Cuba, Dominica, Dominican
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20 non-UN members/Associate Members of Regional Com-
missions?. Despite bearing little historical responsibility for

Republic, Fiji, Grenada, Guinea-Bissau, Guyana, Haiti, Jamaica,
Kiribati, Maldives, Marshall Islands, Federated States of Microne-
sia, Mauritius, Nauru, Niue, Palau, Papua New Guinea, Samoa,
Sdo Tomé and Principe, Singapore, St. Kitts and Nevis, St. Lucia,
St. Vincent and the Grenadines, Seychelles, Solomon Islands,
Suriname, Timor-Leste, Tonga, Trinidad and Tobago, Tuvalu, and
Vanuatu. Source: https://www.undp.org/publications/state-climate-
ambition-snapshots-least-developed-countries-ldcs-and-small-
island-developing-states-sids (last access: 17 June 2026).

ZNon UN members/associate members of regional comissions
(20): American Samoa, Anguilla, Aruba, Bermuda, British Virgin
Islands, Cayman Islands, Commonwealth of Northern Marianas,
Cook Islands, Curacao, French Polynesia, Guadeloupe, Guam,
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Table 1. Products used.

Product  Product ID and type Data access Documentation

ref. No.

1 Fish Stock Status, Environmental Performance Index =~ SEDAC (2020) Kleisner and Pauly (2015),

UNDP (2026)

2 Small Island Developing States (SIDS) UN OHRLLS (2026) UN (1992), UN DESA (2026)

3 ZEE regions Flanders Marine Institute (2023)  Claus et al. (2014)

4 Species richness in the Oceans ITUCN (2025a) TUCN (2026)

5 OMI_CLIMATE_SL_GLOBAL_regional_trends E.U. Copernicus Marine Service ~ QUID: Quet et al. (2025)
Satellite observations (2025) PUM: Pujol et al. (2025)

6 NOAA Optimum Interpolation Sea Surface Huang et al. (2020) Huang et al. (2021)
Temperature (OISST)
Satellite observations & in situ observations

7 IAP global ocean heat content 1° gridded analysis Cheng et al. (2024a) Cheng et al. (2024b)
product (IAPv4)
Objective analysis from in-situ observations

8 INSITU_GLO_PHY_TS_OA_MY_013_052 E.U. Copernicus Marine Service ~ QUID: Szekely (2026a)
Objective analysis from in-situ observations (2026) PUM: Szekely (2026b)

9 EN4 quality controlled subsurface ocean temperature ~ Good et al. (2013a) Good et al. (2013b)
Objective analyses from in-situ observations

10 NCEI ocean heat content from 1955 to present Levitus et al. (2017) Levitus et al. (2012)
calculated from in situ oceanographic subsurface
profile data
Objective analysis from in-situ observations

11 IUCN endangered and vulnerable coral reefs IUCN (2020) IUCN (2025b)
Expert-derived species range maps

12 Dollar value of reef tourism Spalding et al. (2017) Spalding et al. (2017)

13 Economic Impact of Emergency Events Guha-Sapir (2020) CRED (2023b)
Compiled multi-source disaster impact database

14 Gros Domestic Products (GDP) by countries World Bank (2026) World Bank (2026)
Compiled official national statistics

15 Human Impact of Emergency Events Guha-Sapir (2020) CRED (2023a)
Compiled multi-source disaster impact database

16 Ocean Cyclone Track Gahtan et al. (2024) Knapp et al. (2010)
Observational best-track record

17 Global Peack Surge Map Needham and Keim (2015) Needham and Keim (2012)
Compiled historical observational database

18 Mangrove Coastal Protection Benefit The Nature Conservancy (2018) Menéndez et al. (2018)

Modeling

global warming, SIDS experience its consequences more
acutely than most other nations (Martyr-Koller et al., 2021;
Mimura et al., 2007; Vousdoukas et al., 2023). Sea-level rise

Martinique, Montserrat, New Caledonia, Niue, Puerto Rico, Sint
Maarten, Turks and Caicos Islands, U.S. Virgin Islands; Source:
https://www.un.org/en/conferences/small-islands.
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poses an existential threat for many low-lying islands, rais-
ing unresolved questions about population displacement, re-
sources rights, and sovereignty in case of territorial loss (Bro-
nen and Chapin, 2013; Green and Wewerinke-Singh, 2025;
Marino, 2018; Martyr-Koller et al., 2021; Mimura et al.,
2007).

https://doi.org/10.5194/sp-7-0sr10-3-2026
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For SIDS, the Exclusive Economic Zone (EEZ) is, on av-
erage, 28 times the country’s land mass (https://www.un.org/
ohrlls/content/about-small-island-developing-states, last ac-
cess: 16 June 2026). An illustrative example of this strik-
ing contrast is the Marshall Islands, whose land covers only
183 km?2, whereas its EEZ represents around 2 million km?
(Thorpe, 2005). Thus, for many SIDS, most of the natural re-
sources they have access to come from the ocean. Factors like
small population size, remoteness from international mar-
kets, high transportation costs, vulnerability to exogenous
economic shocks, and fragile land and marine ecosystems,
make SIDS particularly vulnerable to biodiversity loss and
changes in the ocean, because they lack economic alterna-
tives. Ocean changes already impact SIDS with cascading
and compounding risks, and disproportionately higher risks
are expected in the course of the 21st century, where vulner-
able human communities, especially those in coral reef envi-
ronments, may exceed adaptation limits well before the end
of this century (IPCC, 2019). This emphasizes the need to
report on ocean change not only through environmental ob-
servations, but also through an understanding of how these
changes translate into socioeconomic implications for com-
munities, livelihoods, food security, and sustainable develop-
ment. Ocean narratives can support this by linking ocean and
socioeconomic indicators with scientific evidence, thereby
providing a more integrated and societally relevant perspec-
tive on ocean change in the areas adjacent to the SIDS.

Here, we provide 3 themes for the ocean narrative with fo-
cus on the ocean areas relevant for the SIDS. The first topic
puts together information on ocean areas under the jurisdic-
tion, bringing together information on national waters, accel-
erating sea-level rise, marine species richness, and fisheries.
This theme highlights the unique relationship between SIDS
and the ocean, emphasizing both the ecological significance
of their marine environments and their dependence on ocean
resources such as food security, livelihoods, and economic
development. The second theme focuses on ocean warming
and marine heatwaves in the context of coral reef vulnera-
bility and tourism. Coral reefs provide essential ecosystem
services and underpin tourism economies across many SIDS.
By linking physical ocean changes with ecosystem impacts
and socioeconomic dependence on tourism, this theme ex-
plores how increasing thermal stress may affect both ma-
rine biodiversity and economic resilience. The third topic ex-
amines the role of ocean heat content for fuelling tropical
cyclones and discusses the implications for loss and dam-
age in SIDS. It further considers the protective function of
mangrove ecosystems, which can reduce coastal exposure
to storm surges and flooding. By connecting changes in the
ocean climate system with coastal vulnerability and nature-
based protection, this narrative highlights the growing im-
portance of adaptation and resilience-building in the face of
increasing climate risks.

https://doi.org/10.5194/sp-7-0sr10-3-2026

2 Method

Ocean change is increasingly monitored and reported on
through a growing range of physical, biological and chemi-
cal ocean indicators, including ocean warming, sea-level rise,
deoxygenation, and acidification. At the same time, socioe-
conomic datasets provide detailed information on, for exam-
ple, human vulnerability, economic dependence, protection
efforts, or governance capacity. However, albeit progress has
been achieved for some topics (Gussmann and Hinkel, 2021;
Hinkel et al., 2023), these two domains are often analysed
separately, making it difficult to understand how changes
in the ocean translate into societal impacts and opportuni-
ties. The concept of ocean narratives addresses this gap, as
they establish scientific linkages between ocean and socioe-
conomic indicators within a specific thematic context. By
combining these datasets and scientific knowledge, the ap-
proach helps identify where ocean changes may be having
the most impact on human well-being, economic develop-
ment, and environmental sustainability.

Ocean narratives are a new concept to connect ocean data
and indicators to human relevance. The concept has been in-
troduced by an international and multidisciplinary team of
scientists (Von Schuckmann et al., 2026), and implemented
for the first time in the 8th Copernicus Ocean State Report
(von Schuckmann et al., 2025a, b). Ocean narratives create a
bridge between ocean science, societal outcomes, and there-
fore contribute to evidence-based knowledge transfer. They
are based on the combination of ocean indicators such as
ocean warming, sea level rise, ocean acidification, or sea ice
change, together with socioeconomic data relevant to specific
themes or regions. Spatial and temporal patterns revealed by
indicators can highlight potential relationships and emerging
areas of concern, while peer-reviewed scientific literature is
used to validate and explain these connections. Therefore,
the narrative development follows a strict evidence-based ap-
proach: links between ocean change and socioeconomic data
are only integrated in the ocean narrative when peer-reviewed
literature shows scientifically validated relationships. This
ensures that narratives are both scientifically robust and ac-
cessible to decision-makers.

The approach offers several benefits. First, ocean narra-
tives translate complex ocean science into societally relevant
insights as they provide a transparent framework which con-
nects environmental and socioeconomic data (see Table 1)
and information. Second, the approach helps identifying re-
gions, sectors, and communities that may be particularly ex-
posed or resilient to ocean change. Third, ocean narratives
can support policy development as they link ocean conditions
to tangible societal outcomes. And fourth, they enable com-
munication of ocean knowledge and change through com-
pelling, evidence-based stories, designed to resonate with di-
verse audiences. In other words, ocean narratives can serve as
a bridge between observation and action, helping synthesize
large and often disconnected datasets into coherent knowl-
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edge that can inform sustainable ocean governance and in-
formed decision-making. By improving the accessibility and
relevance of scientific information, ocean narratives can con-
tribute to making data and science more actionable.

The narrative presented here is focussed on the ocean area
adjacent to the SIDS in the three ocean basins (Atlantic, Pa-
cific and Indican Ocean), as SIDS are directly positioned at
the interface between ocean change and human development:
their communities and economies are directly dependent on
marine and coastal systems. For SIDS, this approach can help
answer critical questions: Which islands may be most ex-
posed to sea-level rise? Where could ocean warming have
implications for tourism-dependent economies, for example
through impacts on coral reefs? How might changes in ma-
rine ecosystems affect food security and livelihoods in com-
munities that depend heavily on fisheries? What is the expo-
sure of SIDS to intense tropical storms, fuelled by the power
of the ocean? By connecting ocean conditions to develop-
ment realities, ocean narratives provide a more integrated
understanding of risk, vulnerability, and opportunity. They
can help policymakers, practitioners, and communities move
beyond isolated indicators toward a clearer picture of how
ocean change influences sustainable development pathways
in Small Island Developing States. All data used for the nar-
rative are documented in Product Table 1, together with in-
formation on data access and related references.

3 The Ocean Narrative

3.1 SIDS: Bound by the ocean, united by climate risk

The SIDS are located in the tropical ocean basins of the
world ocean between 30° S—30° N (Fig. 1). The SIDS EEZs
cover 8 % of the global ocean, and 15 % of the global tropical
ocean (30° S-30° N). For the different basins, the SIDS EEZs
cover 18 % of the tropical Pacific Ocean, 8 % of the tropi-
cal Atlantic Ocean, and 12 % of the tropical Indian Ocean
(Fig. 1). SIDS are widely recognized as stewards of the ocean
and leading advocates for ocean sustainability and environ-
mental governance (Hassanali et al., 2026; Keo and Yoona,
2022; Martyr-Koller et al., 2021; Vousdoukas et al., 2023).
SIDS have become influential voices in global negotiations
on marine conservation, fisheries, and ocean sustainability, as
they can shape outcomes through coalition-building, scien-
tific expertise, diplomacy, and normative leadership (Haas et
al., 2023; Saddington, 2023). Notably, they played an impor-
tant role in securing the 1.5 °C degree limit within the Paris
Agreement and championed an ambitious BBNJ Agreement
(Hassanali et al., 2026). SIDS have also been recognised as
Large Ocean States because their identities, economies, and
governance are defined more by ocean space than by land
(Hume et al., 2021), positioning them as key actors in ocean
governance. For example, SIDS are emerging as important
innovators in ocean governance, developing integrated ap-
proaches that link conservation and biodiversity, fisheries,
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tourism, and economic development, and hence they play
a growing role in shaping sustainable ocean management
practices at both national and international scales (Singh et
al., 2025). Particularly, SIDS are actively engaged in trans-
formative ocean governance involving key principles such
as biodiversity, inclusivity, equity, adaptability, and cross-
sectoral coordination, which are key for addressing the inter-
connected environmental, social, and economic challenges
(Lombard et al., 2023). Spalding et al. (2023) argued that
strengthening the role of SIDS is essential for more equi-
table and effective global ocean governance systems as they
are well positioned to activate evidence-based and context-
specific solutions to ocean-sustainability challenges.

Marine ecosystems hold globally 43 biodiversity hotspots>
which cover 46 600 000 km?, representing 9 % of the global
ocean area (Costello et al., 2023, their Table CCP1.1; OI-
son and Dinerstein, 2002), and include coral reef ecosystems,
kelp forests, seagrass meadows, polar and upwelling zones.
Species in biodiversity hotspots already show changes in re-
sponse to climate change, and all biodiversity hotspots are
impacted, to differing degrees, by human activities (Moon-
sammy et al., 2024). SIDS are the stewards of a large share
of the world’s marine biodiversity, and major ecosystems in
their EEZ areas include coral reefs, mangrove forests, sea-
grass meadows, and coastal wetland systems (Brodie et al.,
2020; Costello et al., 2023). The tropical ocean, where most
of the SIDS are located, contains the highest marine biodi-
versity on Earth, where most (83 %) species occurred in shal-
low depths (0 to 500 m) (Saeedi et al., 2019). For example,
the tropical and subtropical areas of the west Pacific host the
highest number of marine species worldwide (Asaad et al.,
2018; Jablonski et al., 2006). The EEZs of all SIDS cover
very high species richness in the world ocean (Fig. 1). For ex-
ample, SIDS host highly valuable coral reefs and mangrove-
seagrass systems, which are among the most species-rich ma-
rine ecosystems and support biodiversity, underpin fisheries
productivity and provide economic resources (e.g., tourism),
and coastal protection (Vasileiadou et al., 2024; Costello et
al., 2023; Chales, 2023; Yuan et al., 2024). From this per-
spective, SIDS are not peripheral actors, they are custodi-
ans of a substantial share of the world’s ocean biodiversity.
Hence, effectively protecting SIDS biodiversity means pro-
tecting a large fraction of global marine life.

Transformations in the world’s ocean due to climate
change will disproportionately affect SIDS. Sea level rise,
ocean warming, ocean acidification, and declining warm-
water coral reefs will all have adverse impacts on SIDS, who
often also have the lowest adaptive capacity (IPCC, 2019).
Amongst those, sea-level rise constitutes one of the most

3Geographic areas that are exceptionally rich in species, ecolog-
ically distinct and/or show high endemism (species occurring in that
defined geographic area and nowhere else) are broadly recognised
as biodiversity hotspots and prioritised for conservation (Costello et
al., 2023).
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Figure 1. (a) Environmental Performance Index (EPI) scores for Fish Stock Status in 2021 of the 40 UN-member Small Island Developing
States (SIDS). These scores assess in percentage format the proportion of a country’s total catch that comes from overexploited or collapsed
stocks, considering all fish stocks within a country’s exclusive economic zone (EEZs). A score of 100 % (0 %) for a particular state indicates
that none (all) of its catch comes from overexploited or collapsed stocks. Data is based on product ref. no 1. (b) Map showing the location
of the island countries that make up the SIDS group (solid yellow areas, based on product ref. no. 2) and their corresponding EEZs (yellow
contours, based on product ref. no. 3). The richness of species, here provided as the count of the number of species potentially occurring in
each grid cell, is represented by the blue-green shaded background (based on product ref. no. 4), whereas the overlaying purple hatched areas
mark regions where the rise of sea level has been accelerating in the 19992025 period (based on product ref. 5).

significant challenges facing SIDS. Due to the concentra-
tion of populations, economic activities, and critical infras-
tructure within coastal zones, SIDS are disproportionately
exposed to the impacts of rising sea levels (Martyr-Koller
et al., 2021). Beyond its physical and socioeconomic con-
sequences, sea level rise also raises complex legal and po-
litical questions concerning statehood, sovereignty, and the
right to self-determination, particularly for low-lying island
nations whose territories may become increasingly uninhab-
itable or submerged (Green and Wewerinke-Singh, 2025;
Labh, 2025). Accounting for changes of sea level over the pe-
riod 1999-2025, 65 % of all SIDS EEZs are directly exposed
to sea level acceleration, and 50 % in the Atlantic Ocean,
76 % in the Pacific Ocean, and 33 % in the Indian Ocean
(Fig. 1). Adaptation to sea-level rise is therefore a critical
component of climate resilience strategies in SIDS.
However, the effectiveness of adaptation measures is con-
strained by a range of financial, institutional, technical,
and geographical barriers (Thomas and Theokritoff, 2024;
Robinson et al., 2023). Furthermore, evidence suggests that
adaptation limits are likely to be reached in many SIDS under
global warming scenarios exceeding 1.5 °C, thereby increas-
ing the risk of irreversible losses and damages (Martyr-Koller
et al., 2021). SIDS are hence sentinels for implications of

https://doi.org/10.5194/sp-7-0sr10-3-2026

planetary warming, the processes destabilising their coasts
today such as from sea level rise are the same processes
that will affect low-lying and densely populated coastal ar-
eas worldwide. Also, sea-level rise in SIDS raises fundamen-
tal questions about adaptation limits, relocation, and even
sovereignty, making them key sites where the future of cli-
mate governance is already being negotiated in practice.
SIDS are highly dependent on food from aquatic environ-
ments (often also named “blue food”) for food security, em-
ployment, and state revenue, with fisheries forming a core
pillar of national economies and diets (Bell et al., 2021;
Teneva et al., 2023). For example, fishing for tuna plays
a vital role in the economic development and food secu-
rity of most of the 22 Pacific Island countries and territo-
ries (FFA, 2023; Bell et al., 2021), and more than 95 % of
all tuna caught from their EEZs comes from almost half
(10, from which 9 implemented cooperative management) of
the Pacific SIDS, where access fees paid by industrial fish-
ing fleets provide an average of 37 % (range =4 %—84 %)
of their government revenue (excluding grants) (Bell et al.,
2021). From 2020 to 2022, the annual value of the tuna
catch taken in Forum Fisheries Agency waters (17 mem-
bers; https://www.ffa.int/, last access: 17 June 2026) aver-
aged USD 2.6 billion (FFA, 2023). Hence, changes in marine
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biodiversity and fish stocks are not just ecological loss, but
become a direct precursor for inducing food system stress.
SIDS have currently overfished their waters to the extent
that their current catch is just under 50 % of the maximum
catch potential, which results in direct and indirect food secu-
rity impacts, including losses in healthy, varied and nutrient-
rich food, revenues, incomes and economic impacts in SIDS
(Sumaila et al., 2013). For the year 2021, 63 % of 30 SIDS*
obtain their catch from overexploited or collapsed fish stocks
(index < 50 %), and 37 % of SIDS obtain their catches from
healthy fish stocks (Fig. 1) (Sumaila et al., 2013; Teneva et
al., 2023). At global scale, EEZs account for the vast major-
ity (> 90 %) of global marine catch, which are making fish-
eries status within EEZs a direct reflection of how states exer-
cise marine sovereignty and manage natural capital. SIDS are
vulnerable to climate change and global food market price
volatility (Campling et al., 2024; Teneva et al., 2023; Eng-
lander, 2019). As a result, the fish stock status in SIDS is
not merely an ecological indicator, but also a measure of
how effectively countries can translate sovereign rights over
marine resources into food security, economic benefits, and
long-term sustainable ocean stewardship.

3.2 Ocean Warming and Coral Reef Impacts in SIDS

Ocean warming is driven by global warming and has reached
record values globally in 2025 (WMO, 2026). For coral reefs,
ocean warming disrupts the coral-algae symbiosis, leading
to coral bleaching and metabolic stress, which in turn re-
duce growth and reproduction, increase disease suscepti-
bility, and decrease calcification and reef-building capacity
(IPCC, 2023; Pfab et al., 2024; Hughes et al., 2020, 2017).
But ocean warming can induce also other implications such
as sea level rise, ocean circulation change, increased fre-
quency and intensity of marine heatwaves, reducing car-
bon uptake capacity, fuel tropical storms, changes in marine
ecosystem structure and species distributions, and impacts
on fisheries and coastal communities (Cheng et al., 2022).
Ocean warming is widespread in the tropical ocean (Pan et
al., 2026), and approximately 7 % of all SIDS EEZs are ex-
posed to rapid ocean warming as estimated over the period
1960-2025 (Fig. 2).

Globally, coral reef ecosystems are among the most bio-
logically diverse and economically important marine habitats
(Bohorquez et al., 2025). They support an estimated 25 % of
all marine species and provide hundreds of billions of dol-
lars annually in goods and services, including coastal pro-
tection, fisheries, tourism, and medicine, among other bene-
fits (Beck et al., 2018; Costanza et al., 1997; Spalding et al.,
2017; Teh et al., 2013). Beyond their economic value, coral
reefs also hold subsistence, cultural and spiritual significance

4No data available for Singapore, Niue, Cook Islands, Belize,
Saint Kitts and Nevis, Dominica, Saint Lucia, Saint Vincent and the
Grenadines, Grenada.
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for many islands communities (Cramer et al., 2022; Robles-
Zavala and Chang Reynoso, 2018). Climate change, together
with pollution and overexploitation, now represents an exis-
tential threat to coral reefs (Bhuyan et al., 2026; Bohorquez
et al., 2025; Pearce-Kelly et al., 2025), and repeated ther-
mal stress drives widespread bleaching, mortality, and long-
term loss of ecosystem function (IPCC, 2019; Hughes et al.,
2020). Reefs are currently undergoing rapid global-scale eco-
logical reorganisation, threatening their role as key marine
biodiversity reservoirs (Tebbett et al., 2023). Approximately
28 % of the EEZ area of SIDS contains coral reefs classi-
fied as vulnerable, endangered or critically endangered, and
which amounts to 27 % in the Pacific, 41 % in the Atlantic,
and 22 % in the Indian ocean SIDS EEZ areas (Fig. 2).

Between January 2023 and September 2025, 84.4 % of
the world’s coral reefs have experienced bleaching-level heat
stress, exceeding the previous mass bleaching of 68.2 % dur-
ing 2014-2017 (Lévy et al., 2026). Approximately 25 % of
vulnerable, endangered or critically endangered coral reefs’
in SIDS’ EEZs have been exposed to accumulated heat
stress conditions (Degree Heating Week (DHW) > 16°C
weeks) for at least one month during the period 1982-2025
(Fig. 2). Although sustained heat stress of this kind remained
episodic it affected already about 1/3 of already vulnerable
reef systems and the repeated occurrence over four decades
signals a growing and cumulative threat to coral reef sys-
tems at SIDS EEZ level. Given the diverse and essential
contributions provided by tropical reefs to people, degra-
dation at such a scale implies severe consequences for hu-
man livelihood and welfare, primarily in developing coun-
tries (Pereira et al., 2022; Seguin et al., 2022). Also, coral
reef loss is a risk multiplier for SIDS vulnerability, as this
amplifies coastal flooding risk, food insecurity, and economic
instability (IPCC, 2019). Consequently, SIDS are explicitly
highlighted as a priority region in coral reef policy work
as they build the natural infrastructure for low-lying island
states (https://www.unep.org/topics/ocean-seas-and-coasts/
ecosystem-based-approaches/small-grants-programme, last
access: 21 September 2026).

Coral reef tourism is a critical ecosystem service, and very
high-value reefs in monetary and visitor terms are found in
most coral reef jurisdictions, which provides an important
incentive for sustainable reef management (Spalding et al.,
2017). For 30 % of the world’s reefs that are of value in the
tourism sector, a total value of nearly USD 36 billion per
year has been estimated related to on-reef (e.g., indirect ben-
efits such as the provision of sandy beaches, sheltered wa-
ter, food and attractive views) and reef adjacent value (in-
water activities such as diving and snorkelling) (Spalding et

51n the IUCN Red List framework, Vulnerable, Endangered and
Critically Endangered represent increasing levels of extinction risk,
from high to very high and extremely high risk of extinction in the
wild, respectively. Source: https://www.iucnredlist.org/ (last access:
17 July 2026).
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Figure 2. Map displaying combined data about Small Island Developing States’ exclusive economic zones (SIDS EEZ, black contours,
based on product ref. no. 3), ocean warming trends and coral reefs in order to estimate the potential ecological and socioeconomic impacts
on SIDS of coral reefs’ bleaching due to extreme temperatures. The yellow-red shading indicates the number of days at each location over
the period 1982-2025 in which the Degree Heating Week (DHW) value was over 16 °C weeks (based on product ref. no. 6); beyond this
threshold, corals are at risk of severe bleaching and multi-species mortality (> 50 % of corals) (Eakin et al., 2026). The DHW index measures
the accumulated heat stress of corals due to positive anomalies in sea surface temperature sustained over periods of several weeks or months
(Whitaker and DeCarlo, 2024). Overlaying purple hatched areas highlight regions where at least 95 % of the local Ocean Heat Content
(OHC) trend range surpass the global mean OHC trend over period 1960-2025 (trend ranges and averages are computed from an ensemble
of product refs. no. 7, 8, 9 and 10). Green shaded areas mark the location of critically endangered, endangered or vulnerable coral reefs
(based on product ref. no. 11). The blue dots indicate the estimated monetary values of coral reefs to the local tourism sector, expressed in
US dollar revenue per square kilometer and per year. For clarity, the value distribution (based on product ref. no. 12) has been split in deciles,
which are differentiated on the map by means of a color gradient; for a full description of the modeling process followed to obtain these
estimates, see Spalding et al. (2017).

al., 2017). Globally, SIDS are the most economically depen- 3.3 Tropical storms, damages and coastal protection
dent states on coral reefs for tourism and fisheries (Bartelet
et al., 2024; Teelucksingh et al., 2013). Coral reefs also rep-
resent favourable locations for luxury resorts, which play a

significant role in the economic development of SIDS (de-

SIDS are faced with a multitude of disasters, including
high vulnerability to cyclones, floods, droughts, earthquakes,
tsunamis, and sea-level rise. The disaster mortality rate

Miguel-Molina et al., 2014).

In terms of tourism, coral reefs can account for over 20 %
of GDP in some SIDS (OECD, 2020). For the Maldives,
Palau, the Turks and Caicos Islands, and the British Virgin Is-
lands in particular, they underpin more than one third of total
tourism value (Spalding et al., 2017). In many cases, tourism
represents one of the few income sources given the lim-
ited availability of alternative livelihoods (Chaijaroen, 2023).
Coral reefs also provide coastal protection of tourism infras-
tructure as they act as natural breakwaters, reducing wave en-
ergy and protecting beaches, hotels, resorts, and other coastal
infrastructure from erosion and storm damage, which is par-
ticularly important for low-lying island nations vulnerable to
sea-level rise and extreme weather (Vousdoukas et al., 2023;
Ferrario et al., 2014).

https://doi.org/10.5194/sp-7-0sr10-3-2026

across SIDS is more than double the global average (IPCC,
2023) associated with high hazard frequency, high concen-
trations of population in low elevation coastal zones, geo-
graphical isolation and lack of economic scale. At the same
time, and as of 2023, only 38 % of SIDS reported hav-
ing multi-hazard early warning systems in place (UNDRR,
2025). According to the Emergency Events Database (EM-
DAT), a total of 393 natural hazard-related disasters had been
recorded in 2024, which caused 16753 fatalities, and af-
fected 167.2 million people (CRED, 2025). Regarding tropi-
cal cyclones, Hurricane Beryl in 2024, the earliest Category
5 hurricane on record, caused over USD 1 billion in dam-
ages across Grenada and Jamaica (Bevan et al., 2025). In
the South-West Indian Ocean, Cyclone Belal and Cyclone
Hidaya severely affected island nations, such as Réunion,
Mauritius and Madagascar, resulting in fatalities, large-scale
displacement, and substantial infrastructure damage (CRED,
2025). In 2025, 358 natural hazard-related disasters have
been recorded by EM-DAT, which resulted in 16 607 fatal-
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ities, affected 110.2 million people, and caused USD 170
billion in economic losses (Delforge et al., 2026). During
this year, Hurricane Melissa, for example, affected approx-
imately 7.6 million people across Jamaica Haiti, Cuba, and
the Dominican Republic. Jamaica alone, where Hurricane
Melissa made landfall as a category 5 hurricane, experienced
an estimated USD 10 billion in losses, one of the highest
recorded in 2025 (Delforge et al., 2026). Based on available
records, cumulative tropical cyclone damage exceeded 50 %
of national GDP in approximately 40 % of SIDS with avail-
able data, although data availability and record length vary
among countries (1903-2026) (Fig. 3).

Key drivers of tropical cyclone intensification include
ocean temperature, vertical wind shear and dry air entrain-
ment, with the intensification potential dictated by complex
causal chains (Emanuel et al., 2004). These constraints can
influence the way the critical thermodynamic interface for
ocean-storm interaction evolves, and thus modifies storm in-
tensity (Dzwonkowski et al., 2020). Tropical cyclones inten-
sify by extracting energy from the warm ocean surface with
the upper ocean thermal structure critical for their develop-
ment, and ocean temperature over 26 °C generally regarded a
necessary condition (e.g. Gray, 1968). Warm ocean tempera-
tures increase the potential intensity of a tropical cyclone and
lead to its intensification (e.g., Dzwonkowski et al., 2020;
Jaimes et al., 2015, 2016; Hallam et al., 2019). Tropical Cy-
clone Heat Potential (TCHP) quantifies the integrated heat
content of the upper ocean above the 26 °C isotherm and
is widely used as an indicator of the oceanic energy avail-
able to support tropical cyclone intensification, as it refers to
the subsurface thermal structure as a measure of the poten-
tial for cyclone intensification (Momin et al., 2021; Sasaki
and Motoi, 2022). Rising ocean temperatures are leading to
increases in tropical cyclone intensity (Hallam et al., 2021)
and marine heatwaves have shown to increase tropical cy-
clone intensity, and precipitation richer cyclone conditions
(Choi et al., 2024). IPCC (2021) has assessed that the global
proportion of Category 3-5 tropical cyclones (TC) has in-
creased over the past four decades, and some studies have
linked this increase to an increase in THCP (Liu and Chan,
2022; Song et al., 2021; Wada and Chan, 2021), together
with other potential drivers (Wada and Yanase, 2024). Over
the period 1960 to 2025, approximately 56 % of the SIDS
EEZ areas have experienced above global average increases
in tropical cyclone heat potential (Fig. 3), indicating increase
in upper-ocean heat availability for tropical cyclone intensifi-
cation. For the EEZ SIDS areas in the Pacific Ocean, 73 % are
exposed to rapid increase in tropical cyclone heat potential,
and 32 % in the Atlantic, while EEZs of SIDS in the Indian
Ocean are less exposed to this change (1 %) (Fig. 3). There
is an increasing number of Category 4 tropical cyclones ob-
served in recent years (Fig. 3), together with high cumulative
damages relative to national GDP. Based on available coun-
try records, 10 SIDS (Jamaica, St Kitts and Nevis, Grenada,
Dominica, Belize, Samoa, Bahamas, Antigua and Barbuda,

State Planet, 7-osr10, 3, 2026

Vanuatu, and Tonga) have experienced cumulative damages
exceeding 50 % of Gross Domestic Product (GDP), although
the length of the historical record varies among countries.

As discussed above, increasing tropical cyclone heat po-
tential can intensify tropical cyclones, which in turn en-
hances storm surge potential through stronger winds and
lower atmospheric pressure (Balaguru et al., 2024; Guo and
Tan, 2026). For SIDS, storm surge represents one of the most
destructive impacts of tropical cyclones, as intensified storms
can generate extreme coastal water levels that rapidly inun-
date densely populated low-lying coastal zones (IPCC, 2023;
Irish et al., 2011; Vousdoukas et al., 2023). In addition, ris-
ing ocean heat content not only increases tropical cyclone
intensity but also contributes to higher baseline sea levels
through thermal expansion, amplifying storm surge impacts
when cyclones make landfall (Vousdoukas et al., 2023). In
SIDS, storm surge impacts are increasingly compounded by
heavy rainfall and rising mean sea level, leading to more
frequent and severe coastal flooding events during tropical
cyclones (Grimley et al., 2024; IPCC, 2023). Nearly 20 %
of assessed SIDS (7 out of 40) have experienced tropical
cyclone—induced storm surges exceeding 3 m based on his-
torical records spanning 1961-2012 (Fig. 3).

Mangroves provide a critical form of natural coastal pro-
tection as they reduce waves and storm surges, and serve as
a first line of defence against flooding and erosion (Gedan et
al., 2011; Sandi et al., 2018; Thampanya et al., 2006; Krauss
et al., 2014). Globally, mangroves provide flood protection
benefits exceeding USD 65 billion per year, and if mangroves
were lost, 15 million more people would be flooded annually
across the world (Menéndez et al., 2020). This demonstrates
that the essential value of mangroves as natural coastal de-
fences at global, national, and local scales and can provide in-
centives for mangrove conservation and restoration in devel-
opment, climate adaptation, disaster risk reduction, and in-
surance (Menéndez et al., 2020). Yet, mangroves have expe-
rienced significant losses over the last decades with a global
loss of 11.8 % since 1970 (Lévy et al., 2026; RAMSAR et
al., 2025). The mangrove coastal protection annual expected
benefit exceeds USD 1 million in 18 SIDS.

4 Conclusion

Here, we provide an ocean narrative across three themes rel-
evant for SIDS. The first topic highlights the unique relation-
ship between SIDS and the ocean, emphasizing both the eco-
logical significance of their marine environments and their
dependence on ocean resources for food security, livelihoods,
and economic development. The second theme is linking
physical ocean changes with ecosystem impacts and socioe-
conomic dependence on tourism. The third topic is connect-
ing changes in the ocean climate system with coastal vulner-
ability and nature-based protection, highlighting the growing
importance of adaptation and resilience-building in the face
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Figure 3. Tropical storms, damages and coastal protection. (a) Bar plot summarizing the economic impact and the toll in human lives of
cyclones in Small Island Developing States (SIDS). Purple bars represent the percentage of total economic damage (in US dollars) relative
to the national Gross Domestic Product (GDP) (based on product refs. no. 13 and 14), whereas black bars indicate the total number of deaths
caused by cyclones in each state (product ref. no. 15). Both metrics have been calculated considering all data available since records began.
(b) Map showing the location of SIDS (black areas, product ref. no. 2) together with different data on tropical storms and coastal protection:
local trends in Tropical Cyclone Heat Potential (TCHP) computed over period 1960-2025 (purple shading; based on an average of product
refs. no. 7, 8, 9 and 10), with areas dotted in grey indicating a confidence level inferior to 95 % for the trend value (based on product refs.
no. 7, 8, 9 and 10); tracks for ocean cyclones of category 4 and above (wind 2 113 kn) coloured according to their year of occurrence (green-
yellow-red dotted lines, based on product ref no. 16; Saffir-Simpson Hurricane Scale information based on the wind speed provided by the
US agency); global peak storm surges registered in situ (blue crosses, based on product ref. no. 17), and annual expected economic benefit
from the coastal protection provided by mangroves at marked locations (pink dots, based on product ref. no. 18).

of increasing climate risks. The outcomes can by synthesized pressures from climate change, globalization, and com-
as: peting claims on ocean resources.

— The SIDS EEZs c.over 8 % of the global ocean, and 15 % — SIDS are sentinels for climate change, with 65 % of the
of the global tropical ocean (30° S-30° N), and SIDS are EEZ areas of all SIDS directly exposed to sea level ac-
actors in transformative ocean governance. SIDS govern celeration. SIDS are some of the most vulnerable re-
vast marine territories through their EEZs, which place gions to climate change due to high concentration of
them at the centre of ocean governance debates, where populations, critical infrastructure within coastal zones,
they actively shape and advance discussions on marine compounded by economic, technological, social, and
conservation, fisheries management, the blue economy, ecological barriers to adaptation.

and climate—ocean policy.
— Ocean warming is widespread in the tropical ocean,

— SIDS are custodians of a substantial share of the ocean with approximately 7 % of EEZs of all SIDS exposed
biodiversity as the EEZs of all SIDS cover very high to rapid ocean warming over the period 1960-2025.
species richness in the world ocean. SIDS steward Ocean warming increases the frequency and intensity
a large share of global marine biodiversity through of marine heatwaves, which adversely impacts coral
their EEZs, which overlap major tropical biodiversity reef ecosystems. Ocean warming also has many other
hotspots including coral reefs, mangroves, seagrass, and implications such as sea level rise, ocean circulation
coastal wetlands, meaning that protecting SIDS biodi- change, reduced carbon uptake capacity, increased fre-
versity is critical to safeguarding a large fraction of the quency and strength of tropical storms, changes in ma-
world’s ocean life. SIDS provide important insights into rine ecosystem structure and species distributions, and
the challenges of balancing marine conservation, food impacts on fisheries and coastal communities.

security, and economic development under increasing
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— Nearly one-third (28 %) of the EEZ area of SIDS con-
tains coral reefs classified as vulnerable, endangered or
critically endangered. Coral reef ecosystems are among
the most biologically diverse and economically impor-
tant marine habitats holding unique economic, social
and cultural value for SIDS, but climate change, to-
gether with pollution and overexploitation, now repre-
sents an existential threat to coral reefs.

— Approximately 25 % of vulnerable, endangered or crit-
ically endangered coral reefs in SIDS’ EEZs have
been exposed to accumulated heat stress conditions
(DHW > 16 °C weeks) for at least one month during
the period 1982-2025. This indicates that while extreme
heat stress was episodic in time, it repeatedly impacted
a large fraction of coral reef systems already vulnerable
at SIDS’s EEZ level.

— Based on available records, cumulative tropical cyclone
damage exceeded 50 % of national GDP in approx-
imately 40% of SIDS with available data, although
data availability and record length vary among countries
(1903-2026). SIDS are faced to a multitude of disas-
ters such as tropical cyclones, but only 38 % of SIDS
reported having multi-hazard early warning systems in
place.

— Over the period 1960 to 2025, around 56 % of the SIDS
EEZ areas have experienced rapid (above global aver-
age) increases in tropical cyclone heat potential, indicat-
ing increase in upper-ocean heat availability for tropical
cyclone intensification.

— Nearly 20 % of assessed SIDS (7 out of 40) have experi-
enced tropical cyclone—induced storm surges exceeding
3m based on historical records spanning 1961-2012.
Storm surge represents one of the most destructive im-
pacts of tropical cyclones, as intensified storms can gen-
erate extreme coastal water levels that rapidly inundate
densely populated low-lying coastal zones.

— The mangrove coastal protection annual expected ben-
efit exceeds USD | million in 18 SIDS. The value of
mangroves as natural coastal defences at global, na-
tional and local scales is essential and can provide in-
centives for mangrove conservation and restoration in
development, climate adaptation, disaster risk reduction
and insurance.
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