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Abstract. Understanding coastal flood protection is crucial for assessing risks from natural hazards and climate
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change. However, there is a significant lack of quantitative data on coastal flood protection and their standards, (Deleted: .
posing a major barrier to risk assessment. FLOPROS, currently the only global database of flood protection
standards, relies on limited coastal observations and simplified assumptions. While widely used, it cannot C])e]eted; Despite these limitations, it is
adequately constrain uncertainties inyisk estimates,that arc based on it. To address this gap, we call for aglobal, (Deleted: by the research community, leading to potential
community-driven effort o develop a more comprehensive dataset, As a first step, we present.a dataset compiling . (Deleted: impact
LOASTtal flood PROtection Standards within EUrope (COASTPROS-EU), elaborated from a survey distributed | ", CDeleted: - We propose
to flood practitioners from several European countries. This highlights the need for more extensive and * ik(Deleted: new
coordinated data collection efforts, using a_transdisciplinary community-based approach that ensures diverse \': ‘: CDeleted: is needed
societal representation. H ~‘;CDeleted: complete
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In Europe alone, damage from coastal flooding currently amounts to €1.4 billion annually, with around 100,000

[Deleted: Europe.
people exposed (Feyen et al., 2020). The rise in global temperatures caused by anthropogenic greenhouse gas . ‘[Delete d: offort further
emissions means that the frequency and severity of coastal flood events is projected to increase over the next [Delete d: urgent
decades, for example due to sea level rise (Taherkhani et al., 2020). Concurrently, the degradation of foreshore [Deleted: enhanced information. Establishing an accurate
vegetation and human-induced subsidence, due to land use and sediment retention by dams, contribute to dataset requires
heightened coastal flood hazards. This presents significant challenges for low-lying coastal communities and [&?::fndgzﬁmh bottom-up and top-down approaches and
ecosystems, which are home to a large portion of the world's population, land area and assets (Bevacqua et al., [Deleted: flood protection

2020; Reguero et al., 2015).

The latest IPCC Synthesis Report warns of significant, irreversible damage to coastal areas from climate-induced
flooding, with coastal flood hazard continuing to increase well beyond 2100 due to sea level rise (IPCC, 2023).
Additionally, exposure to coastal flood events is expected to increase in the future due to factors such as increasing

urbanisation in coastal areas (Darlington et al., 2023; Reimann et al. 2023; Neumann et al., 2015).
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Addressing coastal flood risk and understanding the potential future impacts requires a comprehensive
understanding of current coastal flood protection measures and standards, both in terms of infrastructure (e.g.,

levees) and nature-based solutions (e.g., mangroves) (Caretta et al. 2022; van Zelst et al., 2021; Toimil et al.,

existing flood defences provide hinder our understanding of flood protection on a global scale. For example,

challenges arise from the complex interactions between natural (e.g.. dunes) and artificial (e.g., dikes) barriers

(Hinkel et al., 2021). Enhanced and detailed data on coastal flood protection is necessary to better prepare for and

mitigate the risks associated with climate change and coastal flooding.

2. FLOPROS

In 2016, Scussolini et al. introduced the FLOPROS database, providing the first global collection of information
on flood protection standards across different spatial scales. It consolidates information on protection standards
(expressed as flood return periods) associated with protection measures and regulations. FLOPROS is structured
into three layers: the design layer, which details engineered protection levels of existing river and coastal flood
infrastructure derived from literature; the policy layer, which specifies legislative and normative standards for
protection from river and coastal floods, also derived from literature; and the model layer, which infers river flood
protection standards based on observed relationships with per capita wealth and flood risk.

The FLOPROS model layer assumes a maximum flood protection of a 1000-year return period and a minimum
of a 2-year return period (no protection). An algorithm interpolates these values based on GDP per capita for
different income regions. The model layer determines protection standards for sub-country administrative units

(second level of Nomenclature of territorial units for statistics, or NUTS2 according to Eurostat, 2018) by

calculating expected annual damage and interpolating additional units linearly. This approach overlooks the

complexities of the warious physical, socio-economic, and governance factors that influence flood protection

standards, both between and within regions,(Klijn et al., 2021).

To our knowledge, FLOPROS, with its coastal update by Tiggeloven et al. (2020), is the only global dataset

documenting existing structural flood protection measures at the sub-national level, making it a cornerstone in
contemporary research endeavours assessing flood risk. Consequently, the database is frequently used in coastal
flood assessments (e.g. Almar et al., 2021; Hermans et al., 2023; Vousdoukas et al., 2018; Yesudian & Dawson,
2021; Ward et al., 2017). FLOPROS was created to support research related to large-scale flood risk management
and has been utilised in several high-level policy documents, including PESETA IV (Feyen et al., 2020), PBL
(2023), and UNEP (2023a, b). Initiatives such as the Intersectoral Model Intercomparison Project (ISIMIP), which

integrates these findings into Integrated Assessment Models like REMIND (Sauer et al., 2021), and webtools such
as Aqueduct Floods also rely on FLOPROS. Additionally, many academic studies assessing current and future
flood risk in coastal areas depend on the FLOPROS database (e.g. Chen et al., 2023; Tiggeloven et al., 2020;
Mortensen et al., 2024; Vousdoukas et al., 2020; Hermans et al., 2023; Devitt et al., 2023; Haasnoot et al., 2021).
As a result, FLOPROS is fundamental to current flood protection assumptions for coastal flood risk and impact
assessments.

However, due to the limitations of FLOPROS, especially the limited number of observations for coastal flood

protection, (54 data points from 14 countries), we argue that caution should be exercised in utilising it in coastal
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contexts. Overreliance on the dataset may lead to an underestimation of future climate risks, implying protection

where it does not exist, or overestimating adaptation efforts, thus undermining the urgency of climate mitigation.

3. Current and Future Efforts -

Since the publication of FLOPROS, several initiatives have aimed to improve the representation of flood

protection for coastal regions, FLOPROS jnostly contains information on river flood protection in its “design”

and ;‘policy” layers, and exclusively on river flood protection in its “model” layer. Tiggeloven et al. (2020) Sy

extended this by calculating flood protection for, coastal yegions globally using a comparable, model-based

approach but did not include policy or design layers, which may lead, to uncertainty, Despite these advancements, %

there remains a lack of clear distinction between the use of the original FLOPROS by Scussolini et al. (2016) and \

its updated version by Tiggeloven et al. (2020). Frequently, both versions are cited without specifying whether ‘

coastal protection levels are used from the design, policy or model layer (Yesudian & Dawson, 2021). A notable
relevant advancement is openDELve, which compiles an open database referencing the extent and design
specifications of levees for 152 deltas, including levee height, crest width, and construction material, in a
harmonized format (Nienhuis et al., 2022). However, there is a clear contrast in data availability between regions
such as Africa, South-East Asia, and Southern and Central America in comparison to Australia, Europe, UK, and
USA (Nienhuis et al., 2022). Another significant research direction is the detection of flood defence infrastructure
from high-resolution elevation data. Wing et al. (2019) applied a detection algorithm to map levees in the
contiguous U.S., questioning the validity of the wealth-to-protection relationships used in FLOPROS. A similar
method was subsequently applied by Sasaki et al. (2023).

Knowledge of river flood protection standards has been enhanced by studies such as Boulange et al. (2021), which
reflect the protection provided downstream of global hydro dams. In China, river flood protection standards at
higher resolution and confidence levels are available thanks to Wang et al. (2021). Advanced statistical approaches
trained to infer flood protection standards from physical and socio-economic variables have been developed by
Zhao et al. (2023). An indirect approach to infer flood protection standards for Europe, using new data on impacts

and potential flood occurrences, was recently implemented by Paprotny et al. (2024).

4. COASTPROS-EU: a Coastal Flood Protection Standards Database for Europe

Despite various advancements in recent years, a dataset with comprehensive global representation of coastal flood

protection measures and their standards is still lacking. We present here, COASTPROS-EU, a new database on
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policy standards and defence structures along the European coast (Table S1). The database builds upon the gfforts (Deleted: approach followed by
of FLOPROS, and its subsequent improvement by Tiggeloven et al., (2020). However, it differs from FLOPROS (Deleted: . As such

by compiling specifically information on European coastal defences for each NUTS2 region, Furthermore, it - ) (Deleted: compiles

references three gypologies of layers, namely geolocated coastal defences, regional coastal defence policies, and (Deleted: , referencing
ynodelled defences based on Tiggeloven et al. (2020). Where applicable, flood protection standards are expressed ‘CDeleted: topologies

in return periods. The “Summary Return Period” summarise the most accurate information layer type regarding (Deleted: modeled

flood protection collected. This column prioritizes the layers type in the following order: (a) geolocated coastal

defences, (b) policy standards, and lastly, (c)ynodelled defence if no other information is applicable. The overview (Deleted: modeled

of the data availability summary is mapped in Figure 1. The database was produced through two key initiatives.
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First, an online survey was distributed within the network of the CoCliCo project (European Union’s Horizon .

2020 research and innovation programme Coastal Climate Core Services under grant agreement No 101003598)

and the Institute for Environmental Studies (IVM) of Vrije Universiteit Amsterdam. Second, a data workshop was

held at Vrije Universiteit Amsterdam in November 2023, where flood experts collected information on flood

defence and protection standards in their respective language using academic and grey literature (policy reports .-

and governmental data portals) (Koks and De Plaen, 2023).

JThe survey consists of an online form targeting flood experts. It collects information related to the scale of the .-

protection measure, the area protected, the flood protection level expressed in return period and the year of

implementation. In case of a lack of information on physical defences, indication of policy standards applicable

to the area could be filled in with the associated policy measure. Finally, additional data such as geospatial layer

or other relevant information could be uploaded. The information collected were then manually summarised into

the geospatial and policy layers of the database. The survey answers were then archived in the excel file referenced

in the Zenodo repository (De Plaen et al., 2024).
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Figure 1: Data availability overview of COASTPROS-EU, repr ting the best available coastal, protection

standards in Europe per NUTS2 region for three typol of layers: geolocated tal def policy standards,
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Through these combined efforts, we aim to provide a more accurate and comprehensive understanding of coastal

flood protection measures. By incorporating diverse data sources and methodologies, this new database addresses
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the critical need for detailed, reliable information to better prepare for and mitigate the risks associated with

climate change and coastal flooding.

While this dataset marks an initial first step, certain limitations must be acknowledged. Firstly, our new datasetjs

restricted to Europe and therefore does notyneet the need for a global assessment. Moreover, the way protection =

levels are quantified and evaluated is critical. Current approaches mainly rely on return periods, providing a

standardized framework suitable for large-scale or regional analyses, with the flexibility to convert between return

periods and defense heights. Yet, incorporating defense heights remains essential, as their significance varies

depending on the specific context and research questions.

5. Way Forward: Embracing a Transdisciplinary Community-Based Approach

A global effort isjpeeded to improve data on coastal flood protection, ensuring representation across,diverse social

groups, languages, and data-scarce regions. This requires a structured, transdisciplinary approach that integrates

institutional support, community-driven data collection, and multiple sources of information to enhance flood risk

assessments and policy alignment.

Our dataset provides a starting point, but a broader, more structured effort beyond academia is necessary.

Institutional support is key to ensuring sustained data collection and standardized national-level reporting. Cultural

differences in flood protection - such as variations in design standards and their local implementation - must be

captured. While FLOPROS and COASTPROS remain relevant, future efforts must expand coverage, improve

accessibility, and establish globally consistent methodologies.

Earth Observation data remains essential for large-scale assessments of coastal flood protection, offering

standardized insights into infrastructure and nature-based solutions. However, satellite data alone is insufficient.
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A, multi-method approach, integrating satellite-derived information with local expertise, participatory mapping,

and national policy assessments is critical. OpenStreetMap (OSM) provides an opportunity for community-driven

mapping, particularly in regions lacking official records. Aligning these efforts with structured policy reviews and

national reporting frameworks will bridge the gap between local knowledge and institutional decision-making.

Standardized national-level reporting is crucial for improving flood risk assessments and ensuring cross-country

comparability. Systematic reviews of national policies, including flood design standards and their local

application, will enhance data consistency and policy impact. Rather than relying solely on, surveys, goncrete

recommendations should guide reporting frameworks and promote best practices. By integrating institutional

expertise, satellite observations, and community-driven contributions, we can build a more comprehensive and

equitable approach to flood risk assessment - one that strengthens resilience worldwide,

Data availability

The excel file and GIS shapefile of COASTPROS-EU are available on the following repository: De Plaen, J. J.-
F. G., Colmenares, M., Koks, E., Scussolini, P., Lena, R., Lincke, D., Kiesel, J., Wolff, C., Tiggeloven, T.,
Peregrina Gonzalez, E. D., & Le Cozannet, G. (2024). COASTPROS-EU (v0.1) [Data set]. Zenodo.
https://doi.org/10.5281/zenodo.12784278
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Deleted: Further, it has emerged that hybrid approaches to
‘| flood protection, that integrate structural and nature-based

measures, may offer the most effective and economically
viable solutions (Du et al., 2020). As colleagues are gradually
investigating and assessing the effectiveness and resilience of
nature-based solutions, such as mangroves and salt marshes,
for coastal flood protection (Inacio et al., 2022; Luo et al.,
2023; Mortensen et al., 2024; Tiggeloven et al. 2022), we
argue that it is also crucial to incorporate the flood protection
standards provided by these measures. |

To achieve this, there is a pressing need to ascertain where
coastal flood protection is presently available and effective,
and where it is not. We call on the flood protection
community to join these efforts, working together to build a
comprehensive, global understanding of coastal flood
protection measures. Only through such a comprehensive
approach can a reliable resource be established, enabling the
analysis of both current and future coastal flood risk. Until
then, we recommend using FLOPROS in applications that are
commensurate with the nature of the data and with its
methodology, emphasizing and clearly communicating the
limitations of the dataset accordingly.{



https://doi.org/10.5281/zenodo.12784278

258

259

260

261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294

Competing interests

At least one of the (co-)authors is a member of the editorial board of Natural Hazards and Earth System Sciences.

References

Almar, R., Ranasinghe, R., Bergsma, E. W. J., Diaz, H., Melet, A., Papa, F., Vousdoukas, M., Athanasiou, P.,
Dada, O., Almeida, L. P., & Kestenare, E. (2021). 4 global analysis of extreme coastal water levels with
implications ~ for  potential — coastal overtopping. Nature Communications, 12(1), Article 1.
https://doi.org/10.1038/s41467-021-24008-9

Bevacqua, E. et al. 2020. “More Meteorological Events That Drive Compound Coastal Flooding Are Projected

under Climate Change.” Communications Earth & Environment 1(1): 47.

Boulange, J., Hanasaki, N., Yamazaki, D. et al. Role of dams in reducing global flood exposure under climate
change. Nat Commun 12, 417 (2021). https://doi.org/10.1038/s41467-020-20704-0

Caretta, M.A. et al. 2022. “Water.” In Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution
of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Cambridge, UK and New York, NY: Cambridge University Press, 551-712. doi:10.1017/9781009325844.006.
Chen, Jie et al. 2023. “Impacts of Climate Warming on Global Floods and Their Implication to Current Flood
Defense Standards.” Journal of Hydrology 618: 129236.

Darlington, C., Raikes, J., Henstra, D., Thistlethwaite, J., & Raven, E. K. (2024). Mapping current and future
flood exposure using a S&thinsp;m flood model and climate change projections. Natural Hazards and Earth
System Sciences, 24(2), 699-714. https://doi.org/10.5194/nhess-24-699-2024

Devitt, L., Neal, J., Coxon, G. et al. Flood hazard potential reveals global floodplain settlement patterns. Nat
Commun 14, 2801 (2023). https://doi.org/10.1038/s41467-023-38297-9

Du, S., Scussolini, P., Ward, P. J., Zhang, M., Wen, J., Wang, L., Koks, E., Diaz-Loaiza, A., Gao, J., Ke, Q., &
Aerts, J. C. J. H. (2020). Hard or soft flood adaptation? Advantages of a hybrid strategy for Shanghai. Global
Environmental Change, 61, 102037. https://doi.org/10.1016/j.gloenvcha.2020.102037

Eurostat European Commission. (2018). Regions in the European Union-Nomenclature of territorial units for

statistics NUTS 2016. Eurostat Methodologies & Working papers. Publications offices of the European Union.
Retrieved from https://ec. europa. eu/eurostat/documents/3859598/9397402/KS-GQ-18-007-EN-N.
pdf/68c4a909-30b0-4a90-8851-eddc400a5faf.

Feyen, L., Ciscar Martinez, J., Gosling, S., Ibarreta Ruiz, D., Soria Ramirez, A., Dosio, A., Naumann, G., Russo,

S., Formetta, G., Forzieri, G., Girardello, M., Spinoni, J., Mentaschi, L., Bisselink, B., Bernhard, J., Gelati, E.,
Adamovic, M., Guenther, S., De Roo, A., Cammalleri, C., Dottori, F., Bianchi, A., Alfieri, L., Vousdoukas, M.,
Mongelli, I., Hinkel, J., Ward, P., Gomes Da Costa, H., De Rigo, D., Liberta’, G., Durrant, T., San-Miguel-Ayanz,
J., Barredo Cano, J., Mauri, A., Caudullo, G., Ceccherini, G., Beck, P., Cescatti, A., Hristov, J., Toreti, A., Perez
Dominguez, I., Dentener, F., Fellmann, T., Elleby, C., Ceglar, A., Fumagalli, D., Niemeyer, S., Cerrani, 1.,
Panarello, L., Bratu, M., Després, J., Szewczyk, W., Matei, N., Mulholland, E. and Olariaga-Guardiola, M.,
Climate change impacts and adaptation in Europe, EUR 30180 EN, Publications Office of the European Union,
Luxembourg, 2020, ISBN 978-92-76-18123-1, doi:10.2760/171121, JRC119178.

CDeleted: Emanuele )

( Deleted: https://doi.org/10.1016/j.gloenvcha.2020.102037 )

CFormatted: French )



https://doi.org/10.1038/s41467-023-38297-9
https://doi.org/10.1016/j.gloenvcha.2020.102037

297 Haasnoot, M., Winter, G., Brown, S., Dawson, R. J., Ward, P. J., & Eilander, D. (2021). Long-term sea-level rise
298 necessitates a commitment to adaptation: A first order assessment. Climate Risk Management, 34, 100355.
299  https://doi.org/10.1016/j.crm.2021.100355

300 Hermans, T.H.J., Malagon-Santos, V., Katsman, C.A. et al. The timing of decreasing coastal flood protection due
301 to sea-level rise. Nat. Clim. Chang. 13, 359-366 (2023). https://doi.org/10.1038/s41558-023-01616-5

302 Hill, Kristina. 2015. “Coastal Infrastructure: A Typology for the next Century of Adaptation to Sea-level Rise.”
303 Frontiers in Ecology and the Environment 13(9): 468-76.

304 Inacio, M., Karnauskaité, D., MikSa, K., Gomes, E., Kalinauskas, M., & Pereira, P. (2022). Nature-Based
305 Solutions to Mitigate Coastal Floods and Associated Socioecological Impacts. In C. S. S. Ferreira, Z. Kalantari,

306  T. Hartmann, & P. Pereira (Eds.), Nature-Based Solutions for Flood Mitigation: Environmental and Socio-

307 Economic Aspects (pp. 35-58). Springer International Publishing. https://doi.org/10.1007/698 2020 675, (Deleted; https://doi.org/10.1007/698 2020 675

308 Koks, E.E., and De Plaen, J.-F. G. (2023, November 3"). Coastal Defense Workshop [Workshop]. Amsterdam, (Formatted: English (US)

NI AN

309 Noord Holland, The Netherlands.

310 Kreibich, Heidi et al. 2017. “Adaptation to Flood Risk: Results of International Paired Flood Event Studies:
311 ADAPTATION TO FLOOD RISK.” Earth’s Future 5(10): 953-65.

312 Lim, W. H., Yamazaki, D., Koirala, S., Hirabayashi, Y., Kanae, S., Dadson, S. J., Hall, J. W., & Sun, F. (2018).

313 Long-Term Changes in Global Socioeconomic Benefits of Flood Defenses and Residual Risk Based on CMIP5
314 Climate Models. Earth’s Future, 6(7), Article 7. https://doi.org/10.1002/2017EF000671

315 Luo, Z., Tian, J., Zeng, J., & Pilla, F. (2023). Resilient landscape pattern for reducing coastal flood susceptibility.
316 Science of The Total Environment, 856, 159087. https://doi.org/10.1016/j.scitotenv.2022.159087

317 Mortensen, E., Tiggeloven, T., Haer, T., van Bemmel, B., Le Bars, D., Muis, S., Eilander, D., Sperna Weiland,
318 F., Bouwman, A., Ligtvoet, W., and Ward, P. J.: The potential of global coastal flood risk reduction using various
319 DRR measures, Nat. Hazards Earth Syst. Sci., 24, 1381-1400, https://doi.org/10.5194/nhess-24-1381-2024, 2024.
320 Neumann, B., Vafeidis, A. T., Zimmermann, J., & Nicholls, R. J. (2015). Future Coastal Population Growth and
321 Exposure to Sea-Level Rise and Coastal Flooding—A Global Assessment. PLOS ONE, 10(3), e0118571.
322 https://doi.org/10.1371/journal.pone.0118571

323 Nienhuis, J. H., J. R. Cox, J. O'Dell, D. A. Edmonds and P. Scussolini (2022). "A global open-source database of
324 flood-protection levees on river deltas (openDELVE)." Nat. Hazards Earth Syst. Sci. 22(12): 4087-4101.

325 O’Dell, J., Nienhuis, J. H., Cox, J. R., Edmonds, D. A., & Scussolini, P. (2021). A global open-source database
326  of flood-protection levees on river deltas (openDELVE). https://doi.org/10.5194/nhess-2021-291

327 Paprotny, D., Hart, C. M. P. ’t, & Napoles, O. M. (2024). Evolution of flood protection levels and flood

328  wvulnerability in Europe since 1950 estimated with vine-copula models. https://doi.org/10.21203/rs.3.rs-

329 4213746/v1PBL, 2023. The Geography of Future Water Challenges: Bending the Trend. PBL, The Hague. {Deleted: vl
PBL

330 Reimann, Lena & Vafeidis, Athanasios & Honsel, Lars. (2023). Population development as a driver of coastal

331 risk: Current trends and future pathways. Cambridge Prisms: Coastal Futures. 1. 1-23. 10.1017/cft.2023.3.

332 Reguero, Borja G. et al. 2015. “Effects of Climate Change on Exposure to Coastal Flooding in Latin America and
333 the Caribbean” ed. Juan A. Afiel. PLOS ONE 10(7): ¢0133409.

334 Sauer, Inga J. et al. 2021. “Climate Signals in River Flood Damages Emerge under Sound Regional
335 Disaggregation.” Nature Communications 12(1): 2128.


https://doi.org/10.1007/698_2020_675
https://doi.org/10.1002/2017EF000671
https://doi.org/10.5194/nhess-2021-291

339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

Orie Sasaki, Yugo Tsumura, Masafumi Yamada, & Yukiko Hirabayashi. (2023). Automatic levee detection using
a high-resolution DEM — Case study in Kinu river basin, Japan.
https://www.jstage.jst.go.jp/article/hrl/17/1/17_9/ _article/-char/ja/

Scussolini, Paolo et al. 2016. “FLOPROS: An Evolving Global Database of Flood Protection Standards.” Natural
Hazards and Earth System Sciences 16(5): 1049—61.

Taherkhani, M., Vitousek, S., Barnard, P.L. et al. Sea-level rise exponentially increases coastal flood frequency.
Sci Rep 10, 6466 (2020). https://doi.org/10.1038/s41598-020-62188-4

Tiggeloven, T., de Moel, H., Winsemius, H. C., Eilander, D., Erkens, G., Gebremedhin, E., Diaz Loaiza, A.,
Kuzma, S., Luo, T., Iceland, C., Bouwman, A., van Huijstee, J., Ligtvoet, W., & Ward, P. J. (2020). Global-scale
benefit—cost analysis of coastal flood adaptation to different flood risk drivers using structural measures. Natural
Hazards and Earth System Sciences, 20(4), Article 4. https://doi.org/10.5194/nhess-20-1025-2020

Tiggeloven, T., de Moel, H., van Zelst, V. T., van Wesenbeeck, B. K., Winsemius, H. C., Eilander, D., & Ward,

P. J. (2022). The benefits of coastal adaptation through conservation of foreshore vegetation. Journal of Flood
Risk Management, 15(3), €12790.

Toimil, Alexandra et al. 2020. “Addressing the Challenges of Climate Change Risks and Adaptation in Coastal
Areas: A Review.” Coastal Engineering 156: 103611.

UNEP, 2023. Adaptation Gap Report 2023. UNEP, Nairobi, https://www.unep.org/adaptation-gap-report-2023
UNEP, 2023. Adaptation Gap Report 2023: Underfinanced. Underprepared. Inadequate investment and planning
on climate adaptation leaves world exposed. The Adaptation Finance Gap Update 2023. Nairobi,

Vousdoukas, M. 1., Mentaschi, L., Voukouvalas, E., Bianchi, A., Dottori, F., & Feyen, L. (2018). Climatic and
socioeconomic controls of future coastal flood risk in Europe. Nature Climate Change, 8(9), Article 9.

https://doi.org/10.1038/s41558-018-0260-4

Vousdoukas, M.I., Mentaschi, L., Hinkel, J. et al. Economic motivation for raising coastal flood defenses in
Europe. Nat Commun 11, 2119 (2020). https://doi.org/10.1038/s41467-020-15665-3
Ward, P., Jongman, B., Aerts, J. et al. A global framework for future costs and benefits of river-flood protection

in urban areas. Nature Clim Change 7, 642-646 (2017). https://doi.org/10.1038/nclimate3350

Wang, D., Scussolini, P., and Du, S.: Assessing Chinese flood protection and its social divergence, Nat. Hazards
Earth Syst. Sci., 21, 743-755, https://doi.org/10.5194/nhess-21-743-2021, 2021.

Wing, O. E. J., Bates, P. D., Neal, J. C., Sampson, C. C., Smith, A. M., Quinn, N., Shustikova, I., Domeneghetti,
A., Gilles, D. W., Goska, R., & Krajewski, W. F. (2019). A New Automated Method for Improved Flood Defense
Representation in Large-Scale Hydraulic Models. Water Resources Research, 55(12), 11007-11034.
https://doi.org/10.1029/2019WR025957

Yesudian, A. N., & Dawson, R. J. (2021a). Global analysis of sea level rise risk to airports. Climate Risk
Management, 31, 100266. https://doi.org/10.1016/1.crm.2020.100266

van Zelst, V.T.M., Dijkstra, J.T., van Wesenbeeck, B.K. et al. Cutting the costs of coastal protection by integrating
vegetation in flood defenses. Nat Commun 12, 6533 (2021). https://doi.org/10.1038/s41467-021-26887-4

CDeleted: https://doi.org/10.1038/s41558-018-0260-4



https://doi.org/10.5194/nhess-20-1025-2020
https://doi.org/10.1038/s41558-018-0260-4
https://doi.org/10.1038/nclimate3350
https://doi.org/10.1016/j.crm.2020.100266

