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1. The Current State of Sea-Level Rise

Global-mean sea level is rising 
and accelerating as a direct 
consequence of human-induced 

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-2/
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
https://wmo.int/publication-series/state-of-global-climate-2023
https://doi.org/10.5067/SLREF-CDRV3


https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
https://climate.nasa.gov/vital-signs/ice-sheets/?intent=121
https://www.esa.int/Applications/Observing_the_Earth/FutureEO/CryoSat/Ice_loss_from_Greenland_and_Antarctica_hits_new_record
https://essd.copernicus.org/articles/12/2013/2020/
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
https://www.nature.com/articles/s41598-023-49353-1
https://wmo.int/publication-series/state-of-global-climate-2023
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
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The magnitude, timing, and rate of 
SLR within this century and over 
the next millennia will depend 
on the long-term temperature 
at which global warming will 
stabilize, as well as on the pathways 

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
https://www.nature.com/articles/s41558-023-01818-x
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
https://www.pnas.org/doi/full/10.1073/pnas.1219414110
https://essd.copernicus.org/articles/15/5301/2023/
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
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Table 1. Summary of projected SLR relative to 1995–2014 and rates 
of SLR for future time periods under different scenarios assessed in 
the IPCC AR6.21 Median values (and ‘likely’ ranges) are shown for all 
scenarios except for the ‘low-likehood, high-impact’ one, which shows 
the 17th-83rd percentile range. The end-of-century 2081–2100 warming 
shown in brackets for each scenario is estimated relative to 1850–
1900. Source: IPCC AR6 WGI, Chapter 9, Table 9.9.

Since the publication of the IPCC AR6 WGI in 2021, 
a growing number of scientific studies on ice-
sheet loss are raising alarm among scientists that 
future SLR could indeed be much larger and occur 
sooner (see Annex II for list of studies).22f/0T86
5.83 0w 8oner

https://www.cnn.com/2024/02/08/climate/west-antarctic-ice-sheet-melt-collapse-climate-intl/index.html
https://www.theguardian.com/world/2023/dec/31/red-alert-in-antarctica-the-year-rapid-dramatic-change-hit-climate-scientists-like-a-punch-in-the-guts
https://www.bbc.com/news/science-environment-66724246
https://www.science.org/doi/abs/10.1126/science.aaa4019
https://www.nature.com/articles/s41586-019-1543-2
https://www.nature.com/articles/s41586-021-03427-0
https://www.nature.com/articles/s41467-024-51205-z
https://www.nature.com/articles/d41586-019-03595-0
https://www.pnas.org/doi/abs/10.1073/pnas.2008478118
https://www.science.org/doi/full/10.1126/science.abn7950
https://www.nature.com/articles/s41467-024-49863-0
https://www.science.org/doi/10.1126/sciadv.adn1470
https://www.science.org/doi/10.1126/sciadv.ado7794
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3. Global Impacts and 
Implications of Sea-Level Rise

Accelerated SLR has the potential 
to redefine the coastlines of the 
21st century. It can pose major 
risks to the safety, security, 
and sustainability of many low-
lying islands, populous coastal 
megacities, large tropical 
agricultural deltas, and Arctic 
communities.27 

The low-elevation coastal zone (LECZ), which 
comprises continental and island areas connected 
to the sea no more than 10 meters above mean sea 
level, includes a wide diversity of systems, from 
small islands to megacities, from the Tropics to 
the Poles, in both the Global North and Global 
South

https://www.ipcc.ch/srocc/
https://www.ipcc.ch/report/ar6/wg2/chapter/ccp2/
https://iopscience.iop.org/article/10.1088/1748-9326/9/3/034001
https://www.nature.com/articles/s41893-023-01230-5
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/even-15degc-warming-small-island-developing-states-risk-flooding-sea-level-rise-2023-12-05_en
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/even-15degc-warming-small-island-developing-states-risk-flooding-sea-level-rise-2023-12-05_en
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
https://zenodo.org/records/8069320
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COUNTRY

Argentina
Australia
Australia
Australia
Australia
Brazil
Brazil
Canada
Canada
Canada
China
China
Denmark
France
France
Germany
India
Japan
Japan
Republic of Korea
South Africa
South Africa
Türkiye
United Kingdom
United States of America
United States of America
United States of America
United States of America
United States of America
United States of America
United States of America

CITY

Buenos Aires
Melbourne
Sydney
Brisbane
Perth
Rio de Janeiro
Atafona
Richmond
Vancouver
Quebec
Shanghai
Guangzhou
Copenhagen
Nice
Marseille
Hamburg
Kolkata
Tokyo
Osaka
Incheon
Cape Town
Durban
Istanbul
London
New York City
Atlantic City
Boston
Miami
New Orleans
San Francisco
Long Beach

OBSERVED  SLR 
FROM 1990 TO 2020 (cm)

6
8
9

13
16
13
13
4
4
8

17
11
6
6
9
7

10
3

13
9

12
8
9

16
14
16
15
20
26
6
6

PROJECTED SLR 
FROM 2020 TO 2050 (cm) 

15 [12–19]
13 [11–17]
15 [12–20]
15 [12–21]
16 [15–19]
16 [12–21]
16 [12–21]

8 [7–12]
8 [7–12]

14 [12–17]
24 [20–29]
13 [9–19]

17 [13–23]
14 [9–19]

15 [11–21]
20 [16–26]
18 [15–23]
13 [10–18]
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Climate-driven coastal hazards and risks 
come not only from SLR itself but also from its 
amplification of storm surges, tides, and waves. 
Coastal-ɳood hazards and associated risks are 
also expected to increase as a result of local land 
sinking (subsidence) because of human activities 
such as building dams or groundwater and fossil 
fuel extraction.31 Their combined effects can lead 
to infrastructure damage due to coastal ɳooding, 
saltwater intrusion into groundwater and rivers, 
shoreline retreat, and change to or loss of coastal 
ecosystems and economic sectors. 

Such impacts are already or are likely to create 
risks to livelihoods, settlements, health and 
well-being, and food and water security.32 Impacts 
can also reach far beyond coastal communities. For 
example, climate-induced, involuntary displacement 
and migration from coastal areas may lead to 
population movements to inland areas, while loss of 
economic activities such as ɲsheries or agriculture 
and damage to ports can severely compromise global 
food systems, supply chains, and maritime trade, 
with local-to-global geopolitical, economic, and 
security ramiɲcations.33  

Small rises in relative sea-level can 
disproportionately increase coastal flood 
frequency.34 According to the United Nations 
Development Programme (UNDP) and the Climate 
Impact Lab (CIL), the extent of coastal flooding has 
increased over the past 20 years as a result of SLR, 
meaning 14 million more people worldwide now 
live in coastal communities with a 1-in-20-year 
chance of flooding.35

The frequency of present-day, extreme-but-
rare sea-level events is projected to increase 
substantially in most regions. For example, 
according to the IPCC AR6, in a globally-averaged 
sense, the 1-in-100-year extreme sea-level event 
(in terms of total water level) is projected to occur 
once every 30 years by 2050 and once every 5 years 
by 2100 under the ɄRepresentative Concentration 
PathwayɅ RCP4.5 (an emissions scenario leading 

31 IPCC AR6 WGI Chapter 9, 2021; Shirzaei et al., 2021; Tay et al., 2022.
32 Magnan et al., 2022.
33 IPCC AR6 WGII Cross-Chapter Paper 2: Cities and Settlements by the Sea, 2022.
34 Taherkhani et al., 2020.
35 UNDP, 2023.
36 IPCC AR6 WGI Chapter 12, 2021; Tebaldi et al., 2021; Kireczi et al., 2020.;
37 Hague et al., 2023.
38 Tiggeloven et al., 2020.

to 2.5°C end-of-century warming, see Annex I for 
details). Such events are projected to occur more 
than once a year by 2100 under RCP8.5 (4.4°C of 
warming).36 Additionally, a recent study projects that 
minor ɳooding events that currently occur annually 
will occur most days per year worldwide under 0.7m 
of SLR.37 

According to one study,38 the global annual damage 
from coastal ɳooding totalled around USD2005 20 
billion/year in 2010. Assuming no further protection 
measures are implemented, this value could increase 
by a factor of 150 between 2010 and 2080 under 
RCP4.5. However, structural adaptation investments 
show high potential to reduce future coastal ɳood 
risk and the beneɲts would exceed the investments 
and maintenance costs globally and in most regions.
In addition, SLR can hamper the ability of coastal 

The frequency 
of present-day, 
extreme-but-rare 
sea-level events 
is projected 
to increase 
substantially in 
most regions.

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
https://www.nature.com/articles/s43017-020-00115-x
https://www.nature.com/articles/s41893-022-00947-z
https://www.nature.com/articles/s41598-022-14303-w
https://www.ipcc.ch/report/ar6/wg2/chapter/ccp2/
https://www.nature.com/articles/s41598-020-62188-4
https://hdr.undp.org/content/climate-changes-impact-coastal-flooding-increase-five-times-over-century
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter12.pdf
https://www.nature.com/articles/s41558-021-01127-1
https://www.nature.com/articles/s41598-020-67736-6
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023EF003784
https://nhess.copernicus.org/articles/20/1025/2020
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communities to adapt to climate impacts through 
its destruction of natural coastal defenses and 
ecosystems. Mangroves, corals, saltmarshes, and 
seagrass meadows currently protect hundreds of 
millions of people worldwide against storm surges 
and waves. Under RCP8.5, a 1m loss in coral reef 
height is projected to more than double the global 
area ɳooded during a 100-year event in 2100.39

The IPCC AR6 has also highlighted that as sea 
levels rise and extreme events intensify, “coastal 
communities face limits due to ɲnancial, 
institutional, and socioeconomic constraints and 

39 Magnan et al., 2022.
40 IPCC AR6 WGII Technical Summary, 2022, pp. 84–85.
41 IPCC SROCC SPM, 2019.

a short timeline for adaptation implementation, 
reducing the eʖcacy of coastal protection and 
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https://www.nature.com/articles/s41598-022-14303-w
https://www.ipcc.ch/report/ar6/wg2/chapter/technical-summary/
https://www.ipcc.ch/srocc/chapter/summary-for-policymakers/
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The Pacific SIDS are on the 
frontline of the climate crisis, 
facing severe and disproportionate 
impacts from SLR. 

Local and regional sea level changes can be larger 
or smaller than the global average due to many 
factors.42 While the change in global-mean sea 
level from 1993 to 2023 was 9.4cm [+/- 1cm], sea 
level change in the South-West Pacific over the 
same period was greater than 15cm [+/- 3cm] in 
some locations.43 According to one recent study, 
under RCP4.5, most of the Pacific SIDS are located 
in a region where relative SLR is projected to be 
10–30% higher than the global-mean SLR arising 
from Antarctic melt in 2100 relative to 2000.44

42 Higher sea level in the western tropical Pacific region is driven by a combination of ocean warming, dynamic ocean changes, and ice melt. In a 
given region, local SLR may be more or less due to many factors such as land subsidence and erosion.

43 Fournier et al., 2022.
44 Sadai et al., 2022.
45 See Footnote #30.
46 It is important to note that these IPCC AR6 projections do not adequately represent the high rates of subsidence that are observed in Tonga and 

Samoa. These rates are expected to persist until mid-century. The projections for these islands should thus be used with caution and should be 
treated as conservative or low.

According to analysis by the NASA SLCT,45 under a 
scenario of 3°C warming, which is roughly consistent 
with a current-policies pathway, all locations 
across the Pacific region can expect to see at 
least another 15cm of additional SLR between 
2020 and 2050 (Table 3). Between 2005 and 2100, 
the median SLR for the Pacific region ranges 
from 50–97cm across the five warming scenarios 
assessed, ranging from 1.5°C to 5°C. Under a 5°C 
Ʉlow-likelihood, high-impactɅ storyline accounting 

https://doi.org/10.5067/SLREF-CDRV3
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022EF002940
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Country

Cook Islands

Cook Islands

Fiji

Fiji

Micronesia

Micronesia

Micronesia

Kiribati

Kiribati

Kiribati

Marshall Islands

Marshall Islands

Nauru

Palau

Samoa

Tonga

Tuvalu

Tide Gauge 
Name

Penrhyn

Rarotonga

Suva-B

Lautoka

Kapingamarangi

Pohnpei

Yap-B

Betio, Tarawa

Kanton

Kiritimati

Kwajalein

Majuro

Nauru-B

Malakal-B

Apia

Nuku’alofa

Funafuti

Observed 
SLR from 

N佢獥牶敤ⁱ攲⁄嬨䑡⤰㉆㤠⡹猯天㝊ਨ敡爬ⴶ条⥝告੶敤ⁱ攲⁄㸲〰㑳桹渀

https://purl.org/spc/digilib/doc/r8ase
https://doi.org/10.1029/2023EF003924
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As also shown in Table 3, future SLR is projected 
to cause a large increase in the frequency 
and severity of episodic flooding in almost 
all locations in the Pacific SIDS in the coming 
decades. Across all future scenarios and under the 
assumption of no additional protections, all islands 
may see an order-of-magnitude increase in potential 
Ɉɳoodingɉ days per year by mid-century, relative to 
what has been seen in the past decade.48

In the 1980s, all Paciɲc SIDS had fewer than 5 
ɳooding days per year on average. It is projected 
that for Nuku’alofa and Apia, the capital cities 
of Tonga and Samoa respectively, the number 
of flooding days will increase to 35 days per 
year during the 2050s for an average year. 
For a projected “worst year” of flooding, the 
estimates increase to 70 and 90 days per year 
for Nuku’alofa and Apia, respectively. Under 
the Ɉworst-yearɉ projections, some locations in 
the Pacific SIDS could experience floodings 
for almost half of the entire year; for instance, 
KiribatiɅs Kiritimati atoll could see up to 165 
ɳooding days per year in the 2050s. 

The Pacific SIDS, especially those in the western 
tropical Pacific (e.g., Kiribati, Tuvalu, and 
the Republic of the Marshall Islands), are 
particularly vulnerable to SLR because of: (i) 
high exposure to tropical cyclones and other 
tropical storms; (ii) high shoreline-to-land area 
ratios; (iii) high sensitivity to changes in sea 
level, waves, and currents; and (iv) its many 
low-lying coral atolls or volcanically-composed 
islands. Many Paciɲc islands are atolls fringed with 
coral reefs and have maximum elevations of 3ɀ5m 
above sea level, with mean elevations of 1ɀ2m 
above sea level.49

Many Pacific and other SIDS — home to 70 
million people combined — are already 
experiencing loss of human life and significant 
economic damages, particularly from tropical 
cyclones and increases in SLR.50 In the Solomon 
Islands, 50% of homes have already been lost, 
along with individual islands, to SLR and coastal 
erosion.51 Tropical cyclones (TCs) account for 

48 See Table 3 notes for definitions and Thompson et al., 2021 for detailed methodology of the NASA Flooding Analysis Tool.
49 USGS, https://cmgds.marine.usgs.gov/data/walrus/atolls/overview.html, accessed 19 Aug 2024.
50 Vousdoukas et al., 2023; IPCC SROCC, 2019, Cross-C܀��

50 50 50 IPCC SROCC, 2019, Cross-C܀��v钐Җ50 ܄倅� �䀌态䀁倁퀀; 㔱  .Nʕ     

https://www.nature.com/articles/s41558-021-01077-8
https://cmgds.marine.usgs.gov/data/walrus/atolls/overview.html
https://www.nature.com/articles/s41893-023-01230-5
https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/11_SROCC_CCB9-LLIC_FINAL.pdf
https://www.sciencedirect.com/science/article/pii/S1877343521000713
https://www.adb.org/sites/default/files/publication/808926/sea-level-change-pacific-islands-region.pdf
https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/11_SROCC_CCB9-LLIC_FINAL.pdf
https://www.gfdrr.org/sites/default/files/publication/tonga-pdna-tc-gita-2018.pdf
https://www.ncei.noaa.gov/news/january-15-2022-tonga-volcanic-eruption-and-tsunami


https://www.ipcc.ch/report/sixth-assessment-report-cycle/
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-15/
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-15/
https://onlinelibrary.wiley.com/doi/abs/10.1111/reel.12516
https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/11_SROCC_CCB9-LLIC_FINAL.pdf
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5. Surging Seas in a Warming 
World: The Urgency of Action

Projecting future SLR and quantifying 
the associated impacts and damages 
remain a complex challenge involving 
many geophysical and socioeconomic 
uncertainties, as our understanding of 
ice-sheet dynamics and coastal ɳood 
risks, and changes in urban coastal 
development and protection measures, 
continues to evolve. Nevertheless, 
one certainty that can be taken away 
from the latest research is that the 
climate crisis and SLR are no longer 
distant threats, especially for the 
Pacific SIDS. 

Deep, rapid, and sustained cuts in global 
greenhouse gas emissions are needed NOW to stay 
within a 1.5°C long-term warming trajectory. At 
the same time, effective coastal adaptation and 
investment in resilience and implementation must 
be scaled up worldwide, especially in the SIDS, 
to minimize growing SLR impacts and risks. For 
example, from 2005 to 2100, the Paciɲc SIDS could see 
around 18cm higher SLR on average under a current-
policies (3°C) pathway instead of a 1.5°C-aligned 
pathway, with consequential impacts and risks. 

Countries’ next nationally determined 
contributions (NDCs) under the Paris Agreement, 
due in 2025, present an unprecedented 
opportunity for countries to rally cross-
government and non-state actors to take 
immediate action to cut emissions, chart out 
1.5°C-aligned decarbonization pathways, and 
build resilience to climate impacts. Similarly, 

59 Para 39, Decision 1/CMA.5 Outcome of the First Global Stocktake FCCC/PA/CMA/2023/16/Add.1.
60 IEA Net-Zero by 2050 Roadmap, 2023; UNEP Production Gap Report, 2023; Achakulwisut et al., 2023.

the national adaptation plan (NAP) process 
presents an opportunity for whole-of-economy 
comprehensive risk management, including 
actions to prepare for and manage the impacts of 
sea-level rise.

The outcome of the first global stocktake (GST) 
under the Paris Agreement Ɂ adopted by Parties at 

https://www.iea.org/reports/net-zero-by-2050
https://doi.org/10.51414/sei2023.050
https://www.nature.com/articles/s41467-023-41105-z


https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fearlywarningsforall.org%2F&data=05%7C02%7Cpattanun.achakulwisut%40un.org%7C1495c31bd2234bb0289c08dcc1235b2b%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638597604811523060%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=PUFK9CjeCTrPW8yLEEgxX2WmWQT1BRZdMpORFwMRuu4%3D&reserved=0
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
https://essd.copernicus.org/articles/16/2625/2024/
https://essd.copernicus.org/articles/15/5301/2023/
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Annex I: Emissions and socioeconomic scenarios assessed in the IPCC reports

This brieɲng draws on several IPCC reports which assessed two different sets of future greenhouse-gas emissions 
and socioeconomic scenarios. The tables below show the different scenarios and associated long-term global 
warming outcomes assessed in the Sixth Assessment Report and in the Fifth Assessment Report.

Table A.1.
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