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Abstract: A global database of coastal flooding impacts resulting from extreme sea levels is
developed for the present day and for the years 2050 and 2100. The database consists of
three sub-datasets: the extreme sea levels, the coastal areas flooded by these extreme sea
levels, and the resulting socioeconomic implications. The extreme sea levels consider the
processes of storm surge, tide levels, breaking wave setup and relative sea level rise. The
socioeconomic implications are expressed in terms of Expected Annual Population Affected
(EAPA) and Expected Annual Damage (EAD), and presented at the global, regional and
national scales. The EAPA and EAD are determined both for existing coastal defence levels
and assuming two plausible adaptation scenarios, along with socioeconomic development
narratives. All the sub-datasets can be visualized with a Digital Twin platform based on a
GIS-based mapping host. This publicly available database provides a first-pass assessment,
enabling users to extract and identify global and national coastal hotspots under different
projections of sea level rise and socioeconomic developments.

Dataset: https://doi.org/10.26188/25874179.v1

Dataset License: CC BY 4.0
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1. Summary
Sea level rise is a consequential impact of global climate change. Over the period

2006–2015, the global mean sea level (MSL) has increased at an average rate of 0.36 cm/year,
with acceleration observed [1]. It is anticipated that even if the Paris Agreement limit of
1.5 ◦C above pre-industrial levels is achieved, the rate of global MSL rise will increase over
the 21st century [2,3]. Projected climate change will enhance both the frequency and severity
of extreme sea levels (ESLs) [1,3–6] globally, which mainly result from storm surges and/or
extreme wave conditions coinciding with high tides. Over the 21st century, ESL combined
with relative sea level rise (RSLR), may result in increased flood areas with potentially
unprecedented societal and economic impacts. Effective and ambitious adaptation and
mitigation strategies are likely to be required to address such impacts [6]. Low-elevation
coastal zones (LECZs), which are defined as, ocean connected coastal areas below 10 m
above MSL, will be most impacted by such flooding, annually putting at risk more than
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34 million people and $US 307B worth of global wealth [7]. Future socioeconomic develop-
ments are likely to increase populations and infrastructure assets in LECZs, exacerbating
the potential impacts of coastal flooding.

To inform and guide policy directions for LECZs, it is essential that estimates of
the long-term extent of episodic coastal extremes and resulting socioeconomic impacts
in LECZs are available. Such analysis needs to be both at the local scale—to guide local
development, but also at the national and global scales—to inform geopolitical develop-
ments, including regional to international policy-making processes. In the last decade,
there has been an increased effort to estimate extreme sea levels at regional [8–10] and
global [4,5,11,12] scales, in terms of present and future conditions, under the projected
influence of climate change. Global coastal impact analyses [5,13–15] are essential first-pass
assessments to identify “hotspots” that are at greatest risk and more vulnerable to projected
sea level rise and ESLs. Such assessments improve the ability to predict present and future
ESL magnitudes and their implications at these locations and enable mitigation of potential
adverse impacts. To this end, it is crucial to identify the global present and projected ESL,
their corresponding coastal flood extents and resulting socioeconomic impacts.

Kirezci et al. [5,7] presented global estimations of ESLs, the coastal flood extent for a
variety of return period levels, and estimates of Expected Annual People Affected (EAPA)
and Expected Annual Damage (EAD) for the present day (i.e., 2015), and future times (i.e.,
2050 and 2100). Kirezci et al. [5] also identified global “hotspots” of coastal flooding for
100-year return period (RP) ESLs; however, they assumed no existing flood protection.
Kirezci et al. [7] extended this analysis by including estimated flood protection, both for
the present and future adaptation considerations.

To account for regional relative sea level rise (RSLR), projections from both Intergov-
ernmental Panel on Climate Change (IPCC)—Special Report on the Ocean and Cryosphere
in a Changing Climate (SROCC) [1] and IPCC AR5 (Assessment Report 5) [16] (see
“Datasets” and “Methods” Section) under Representative Concentration Pathways (RCPs)
of 2.6 (low-end), 4.5 (mid-level), and 8.5 (high-end) were used. Plausible future adaptation
strategies were defined using three possible adaptation scenarios; (i) no socioeconomic
change, (ii) adaptation matching ESL change, and (iii) no additional adaptation (as defined
in Kirezci et al. [7]; also see Section 3). The historical and future global inundation extents
were determined from the ESLs attributed to 9864 Dynamic Interactive Vulnerability As-
sessment Database (DIVA) coastal segments and computed using a bathtub approach for
the different adaptation scenarios. To account for future socioeconomic development (cases
ii and iii), Shared Socioeconomic Pathways (SSPs) were combined with Representative
Concentration Pathways (RCPs) (see Section 3). Finally, the estimated values of EAPA
and EAD were given at regional and national scales for each adaptation scenario and
aggregated to global values. As a result, three sub-datasets were produced, i.e., (i) ESLs,
(ii) corresponding inundation extent, and (iii) EAPA/EAD values per nation.

This Data Descriptor describes and makes available the datasets developed, validated
and described in detail by Kirezci et al. [5,7]. The subsequent sections provide an overview
of the data sources used, the methods applied to these sources to obtain the final datasets
and the limitations necessary for the construction of such a global dataset. In addition, a
data visualization platform is described. More extensive descriptions of the approaches
used, validation, and limitations can be found in Kirezci et al. [5,7]. The reader is encour-
aged to consult these source references in conjunction with this Data Descriptor. The dataset
is intended to provide a global-scale resource to assess the potential impacts of projected
sea level rise on coastal communities. These results are provided at more than 9000 coastal
locations. In addition to defining projected changes in ESLs, the data estimate the extent
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of resulting coastal flooding the number of people impacted annually and the expected
annual economic damage to coastal infrastructure.

2. Data Description
2.1. Description of the Datasets Used

Figure 1 shows the database in a diagrammatic form, indicating each of the public
domain datasets used to compile the final datasets and the sequential steps required to
produce the final products. The database is divided into three sub-datasets representing
extreme sea levels, coastal flooding extent, and socioeconomic impacts. The coloured boxes
in Figure 1 show the data products contained within the database. The extreme sea levels
represent the 1 in 100-year sea level for both the present day and for future periods under
a number of different climate change projections. The coastal flooding extent considers
coastal topography to estimate the regions flooded by the projected extreme sea levels.
This analysis includes estimates of coastal defences in place around the world. Finally, the
numbers of people potentially impacted and the Expected Annual Damage are estimated.
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2.1.1. Extreme Sea Level (ESL) Analysis

The extreme sea level analysis is based on a time series of tide, storm surge, and
wave setup (see Section 3; Equation (1)) together with relative sea level rise (see Section 3;
Equation (2)) [5,7].

Tide: The global tidal elevations were obtained from FES2014 [17], accessible
at https://www.aviso.altimetry.fr/en/data/products/auxiliary-products/global-tide-fes/
description-fes2014.html (accessed on 25 October 2024). FES2014 represents a finite element
hydrodynamic model designed to solve tidal barotropic equations while assimilating in
situ tide gauge and altimeter data. This dataset has a spatial resolution of 1/16◦.

Storm surge: The global storm surge levels were acquired from the Global Tide and
Surge Reanalysis (GTSR) dataset [11]. This dataset was produced using Delft3D FM [11],
featuring a spatial resolution ranging from 50 km in deep ocean regions to 5 km in coastal
areas. The model was forced with meteorological information from ERA-Interim [18]. The
surge time-series data from GTSR were downscaled at 10 min resolution over the 36-year
period 1979–2014.

Wave setup: The determination of wave contributions to the time-averaged sea level
used model data of significant wave height obtained from the GOW2 [19] dataset. Wave
setup was estimated using the SPM method [20] with a globally representative bed slope

https://www.aviso.altimetry.fr/en/data/products/auxiliary-products/global-tide-fes/description-fes2014.html
https://www.aviso.altimetry.fr/en/data/products/auxiliary-products/global-tide-fes/description-fes2014.html
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of 1/30. An in-depth examination, conducted by Kirezci et al. [5] explored the impact of
alternative bed slopes (1/15 and 1/100). To address uncertainty related to the adopted
wave setup methodologies, an alternative method proposed by Stockdon et al. [21] was also
considered. The study concluded that, on a global scale, there are only small differences
between the two methods for ESLH100 [5], where the superscript indicates a 1 in 100-year
return level for the historical period (see Section 3).

Regional relative sea level rise: To incorporate estimates of future regional relative sea
level rise, two global datasets, namely SROCC [1] and AR5 [16], were employed for RCPs
2.6, 4.5, and 8.5 by Kirezci et al. [5,7]. The use of AR5 was so as to facilitate comparisons
with previous studies. The AR5 computations are not provided in the present database.
A notable difference between the sea level rise (RSLR) projections from AR5 and SROCC
is the inclusion of more recent projections of the Antarctic Ice Sheet (AIS) contribution to
RSLR in the SROCC dataset [1]. By the year 2100, IPCC AR5 projects a global mean sea
level rise of 0.28 m/0.52 m to 0.61 m/0.98 m for RCP 2.6 and RCP 8.5, respectively, while
SROCC projects a range of 0.29 m/0.59 m to 0.61 m/1.10 m for the same RCPs.

Tide gauge data: A quasi-global dataset of tide gauge observations, GESLA2 [22], was
utilized to assess ESLH100 through the analysis of recorded time series. This functioned as a
method to validate the extreme value estimates derived from the combined model time
series (T+S+WS, see Section 3 Equation (1)). This validation can be found in Kirezci et al. [5].

2.1.2. Coastal Inundation Extent

Noting the estimated extreme sea levels described above, the coastal inundation
flooding extent was calculated using the following datasets.

MSL data: The reference datum for the historical time series of total sea level (TSL)
and, consequently, extreme sea level (ESL), are the mean sea level (MSL). To align the
land topography with ESL, the Mean Dynamic Ocean Topography (MDOT) [23] is applied.
MDOT represents the difference between the time-averaged sea surface and the geoid.

Land topography: Coastal land elevations were derived from the Digital Elevation
Model (DEM) entitled Multi-Error Removed Improved Terrain (MERIT) [24]. This DEM
covers land areas from 90◦N to 60◦S and was developed by refining existing spaceborne
DEMs (SRTM3 v2.1 and AW3D-30m v1 [25,26]) and eliminating significant error compo-
nents. The MERIT DEM uses a 3-arcsecond (~90 m) horizontal resolution and adheres to
the vertical datum of EGM96. Note that an alternative DEM, CoastalDEM v2.1 [27], was
also utilized by Kirezci et al. [5,7] for comparison purposes. The output from this DEM is
not included in the present database.

Coastline data: The Global Self-consistent Hierarchical High-resolution Geography
(GSHHG) [28] dataset was used to define the global coastline for calculations of coastal
flooding extent, and to bring a variety of global data layers to a consistent coastline position.

Coastal Defences: Estimates of present day global coastal defences were obtained from
the DIVA [15,29], where defence levels are defined in terms of return periods of extreme
sea levels (e.g., protection level for a 50-year return period) at each DIVA location. These
return periods were converted to protection levels (expressed in metres) by utilizing the
associated Generalized Pareto Distribution (GPD) probability distribution function at each
coastal location, as detailed in the Section 3.

2.1.3. Socioeconomic Impacts

Such coastal inundation will result in socioeconomic impacts on coastal communities.
These impacts are quantified in terms of the EAPA and EAD [15,30] evaluated using the
following datasets.
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Population: Two global gridded population datasets were employed to character-
ize current and projected future conditions. For the present day (2015), the population
count database was taken from the NASA Socioeconomic Data and Applications Center
(SEDAC) GPWv4 Rev. 11, utilizing census data from 2015 on a 30-arcsecond grid (~1 km
at the equator). To account for projected population variations in 2050 and 2100, the
gridded population data developed by Gao [31] for SSP narratives SSP1, SSP3, and SSP5
were utilized.

Gross Domestic Product: The GDP data for the present day (2015) were extracted from
Kummu et al. [32]. This dataset includes GDP per capita (PPP) information on a 5-arc-
minute grid, downscaled to 30 arcseconds for consistency with other datasets. Projections
for future changes in global GDP were obtained from IIASA [33] (https://tntcat.iiasa.ac.at/
SspDb/, accessed on 25 October 2024).

2.2. Data Records

An overview of the structure of the data records is presented in Tables 1–3. As noted
previously, the data are arranged in three sub-datasets: (a) extreme sea levels (Table 1),
(b) coastal flooding extent (Table 2), and (c) socioeconomic impacts (Table 3). The ESL
data are arranged as a single NetCDF file (.nc) consisting of ESL for return values of
n = 1,10,100,1000 and 10,000 years for the present day (2015) and 2050 and 2100. For both
future periods, ESL values are provided for three Representative Concentration Pathways
(RCPs): RCP2.6, RCP4.5, and RCP8.5. This NetCDF file contains the data for all 9864 DIVA
points, and the latitude, and longitude information for each point. ESLs are referenced
to MSL.

Table 1. Summary Data record structure for the Global ESLs.

ESLdata.nc
(Extreme Sea Levels)

Year RCP/SSP Narratives Return Periods

Baseline - 1, 10, 100, 1000, 10,000

2050
2100

RCP 2.6
RCP 4.5
RCP 8.5

1, 10, 100, 1000, 10,000

Table 2. Summary Data record structure for the Global coastal flood extent.

Year Adaptation Scenario
Folder Path RCP/SSP Narratives Return Periods

CoastalFloodAreas
(shapefile directory

for the coastal
flooded areas)

Baseline

Baseline
(Coastal flood areas

for the Baseline
[Present] case)

- 1, 10, 100, 1000,
10,000

2050
2100

Without_Adaptation
(Coastal flood areas

under “No
Socioeconomic

Change” and “No
Additional

Adaptation” cases)

RCP 2.6
RCP 4.5
RCP 8.5

1, 10, 100, 1000,
10,000

With_Adaptation
(Coastal Flood areas
under “Adaptation

Matching ESL
Change” case)

https://tntcat.iiasa.ac.at/SspDb/
https://tntcat.iiasa.ac.at/SspDb/
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Table 3. Summary Data record structure for the Global EAPA/EAD.

Data List Year Adaptation Scenario RCP/SSP Narratives

EAPAandEAD_Tables
(Excel Spreadsheet

file directory for
EAPA and EAD

values at IPCC AR6
Regions and at
National Scales)

- National
- IPCC AR6

Regions

Baseline - -

2050
2100

No Socioeconomic
Change

RCP2.6
RCP4.5
RCP8.5

Adaptation
Matching ESL

Change
SSP1-2.6
SSP1-4.5
SSP3-8.5
SSP5-8.5No Additional

Adaptation

The inundated areas associated with each ESL are presented as shapefiles (.shp) for
the GIS software. Inundated areas are provided for: present day and future dates 2050
and 2100. For each of 2050 and 2100 flooding extent is defined for each RCP case (RCP2.6,
RCP4.5, and RCP8.5). As the flooding extent depends on the level of flood protection,
results for three adaptation scenarios are provided: no socioeconomic change, adaptation
matching ESL change, and no additional adaptation [7]. Again, data are provided for return
period values of n = 1, 10, 100, 1000, and 10,000 years.

The EAPA and EAD are provided in the form of Excel (.xlsx) spreadsheet tables for
each AR6 region and each nation. Note that global values are provided in Kirezci et al. [7].
As EAPA and EAD are obtained by integration over all return periods, no data by return
period are provided. However, the variables depend on the SSP pathway, which impacts
population and GDP. Therefore, data are provided for the present day, 2050 and 2100, for
each of the three adaptation scenarios considered and all RCP/SSP cases. Note that, the
EAPA and EAD values for all the adaptation scenarios (for 2050 and 2100) are provided as
relative to the present case (baseline).

The data for ESLs, flooded areas, and EAPA/EAD for each nation can be visualized
using the Digital Twin platform which can be accessed through the publicly open URL link
https://idigitaltwin.org/?view=coastalFloodViewer (accessed on 24 January 2025). The
Digital Twin platform renders the geospatial data as layers, allowing the layers to be stacked.
This enables users to identify and compare the differences between RCPs, adaptation
scenarios, years and return periods (see Section 4). The datasets can be downloaded from
(https://doi.org/10.26188/25874179.v1).

3. Methods
Kirezci et al. [5,7] describe in detail how the various datasets are combined and also

validate each of the intermediate steps in detail against a range of independent sources.
Below, these steps are briefly summarized to aid in the use and understanding of the data
provided. The reader is referred to Kirezci et al. [5,7] for a more detailed discussion.

3.1. Present and Future Projections of ESL

In most cases, ESLs occur when high tides coincide with climate extremes such as
storm surges and extreme waves. Therefore, each of the components of a total sea level
(TSL) needs to be evaluated simultaneously. Kirezci et al. [5] combined global datasets
of tide (T), storm surge (S) and wave setup (WS) to find the historical TSL at a total of
9864 locations defined by the Dynamic Interactive Vulnerability Assessment dataset (these
coastal locations are referred to as “DIVA points”) [29,34]. The sea level components were

https://idigitaltwin.org/?view=coastalFloodViewer
https://doi.org/10.26188/25874179.v1
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combined as a linear summation, as in Equation (1). The details of the datasets for the
individual components are described in the “Datasets” Section.

TSL = T + S + WS (1)

The probability of occurrence of ESLs can be represented in terms of the return period,
such as a 1-in-a-100-year event (i.e., RP100). Kirezci et al. [5,7] computed ESLs at various
probability levels by fitting a Generalized Pareto Distribution (GPD) to the TSL at each
DIVA location. Kirezci et al. [5] investigated various extreme value distributions and
concluded that the GPD fitted to peak over threshold data gave the best agreement with
tide gauge data from 681 sites [22]. The ESLs estimated in this manner have been termed
ESLH, with the superscript “H” indicating they refer to the historical period, here taken
as 2015. To determine the future estimations of ESLs, (i.e., ESLF), the regional relative sea
level rise projections (RSLRs) were added to ESLH (Equation (2)). RSLR was here estimated
globally from SROCC [1] and AR5 [16] in 2050 and 2100. Utilizing two datasets for RSLR
enables an analysis of the uncertainties associated with the RSLR projections, which Kirezci
et al. [7] discuss in detail.

ESLF = ESLH + RSLR (2)

The approach given in Equation (2) assumes that there is no change in the magnitude
of the components in Equation (1) from 2015 to the future dates when ESLF is estimated
(2050 or 2100). Kirezci et al. [5] showed that estimates of such changes are small compared
to RSLR and potential uncertainties in the Extreme Value Analysis.

The TSLs and ESLs were validated against tide gauge observations, showing a gen-
erally good agreement. A detailed discussion of this validation can be found in the
Supplementary Materials, Section S.1.1, Validation of Historical Sea Level Timeseries (TSL)
and ESL Against Tide Gauge Recordings. Additionally, a comparative analysis with previ-
ous global studies on ESLH was conducted, revealing consistent alignment between our
ESLH findings and those of earlier research (refer to Supplementary Materials Section S.1.3,
Comparison with Previous Studies: ESL).

In the database presented here, ESLs are evaluated at DIVA points for return periods
(RP) of 1, 10, 100, 1000, and 10,000 years, under present conditions (baseline) and projected
for 2050 and 2100.

3.2. Episodic Coastal Flooding

Estimates of the episodic coastal flooding extent were obtained for values of ESLH

and ESLF by assigning areal extent at each of the DIVA points using Thiessen polygons
and a bathtub assumption. The details of the approach and the resulting limitations are
discussed by Kirezci et al. [5]. For the present day, coastal defence levels were taken from
Hinkel et al. [15], estimated using a stylized model of protection based on local floodplain
population density and local GDP per capita [35], complemented with protection levels
for the largest 136 coastal cities of Hallegatte et al. [36]. The coastal defence dataset was
presented in the form of the return period of the protection levels (e.g., 50-year return period
protection level), which Kirezci et al. [7] converted into coastal defence heights by utilizing
the probability distribution function defined at each coastal location and previously used
to estimate ESLH. Kirezci et al. [7] assume an area is inundated when the ESL exceeds
the coastal defence level and the land topography elevation is lower than that ESL. Once
overtopped, the coastal flood depth is taken to be equal to ESL minus the land elevation.

To account for future adaptation scenarios, Kirezci et al. [7] assumed three plausible
adaptation pathways: (i) the no-socioeconomic-change case, where population, GDP and
adaptation levels remain constant at values for the baseline year (here taken as 2015) and
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only the ESL varies for each of Representative Concentration Pathways considered: RCP2.6,
4.5 and 8.5; (ii) the case of adaptation matching ESL changes, where it is assumed that
society responds to future sea level rise by introducing adaptation in the form of raising
existing and building new defences, such that the height of enhanced coastal protection
matches the increase in ESL; and (iii) the no-additional-adaptation case, where current
defences are maintained but not upgraded and no new defences are constructed, whilst
population and GDP change.

3.3. Expected Annual People Affected (EAPA) and Expected Annual Damage (EAD)

Kirezci et al. [5,7] evaluated the populations and infrastructure impacted by a given
probability of exceedance event. In order to estimate the damage associated with this event,
however, it is necessary to assume a depth-damage function, a commonly assumed form is
given in Equation (3) [7,15].

V = d/d + 1 (3)

Here, V is the proportion of the value of the assets damaged, due to flood depth,
d, computed from ESLH

n or ESLF
n values, where n is the return period, related to the

probability of exceedance, P, by P = 1/n. The appropriateness of this function is considered
in detail by Kirezci et al. [7].

To assess Expected Annual Damage (EAD) and Expected Annual Population Affected
(EAPA), the computational process involves calculating flooded areas, determining flood
depths, and applying the depth–damage function (Equation (3)) for the return periods
given in “Methods”—Section 1. The relationship between asset exposure and population,
along with Gross Domestic Product per capita, is utilized to estimate the value of exposed
assets [7,15,37–39] for each computational grid cell. This approach is implemented with
discrete gridded data and involves summing over all probability of exceedance levels. This
computational approach allows for global-scale application by aggregating values utilizing
many gridded datasets. A detailed step-by-step methodology is given by Kirezci et al. [7].

The EAPA and EAD outputs in this analysis were compared with previous studies,
specifically focusing on the “No Additional Adaptation” scenario, as it is the most widely
assessed and commonly overlapping adaptation scenario. The EAPA values for this
scenario in the present dataset show consistency with findings from earlier studies (see
Supplementary Materials Section S.1.4, Comparison with Previous Studies: EAPA and
EAD).

To illustrate how different coastal topography datasets (Digital Elevation Model—
DEM) affect inundation extents and the resulting socioeconomic impacts, a similar analysis
to presented here was conducted using the CoastalDEM topographic dataset, in contrast
to the MERIT DEM dataset employed in this analysis (see Section 2). The results of this
comparison are discussed in detail in Supplementary Materials Section S.1.2, Comparison
of Inundation and Socioeconomic Impact Analyses with Different DEM Datasets.

3.4. Limitations

Due to the global scale of the studies which generated the present dataset, it should be
regarded as a first-pass assessment of the global implications of ESL and coastal flooding
over the next century. There are a number of factors which limit the global and regional
outputs. A number of these limitations are summarized below, with a more extensive
discussion by Kirezci et al. [5,7].

The ESL values were computed by fitting time-series data to EVA distributions (see
Section 3), which results in stochastic uncertainty. A bootstrapping approach was used by
Kirezci et al. [5] to estimate the resulting confidence limits.
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Future estimates of sea level rise are associated with projection uncertainty. To address
the sensitivities to possible errors, two global projections of RSLR (SROCC and AR5) were
used for the present analysis. The implications of the two datasets are discussed in detail
by Kirezci et al. [7]. Although both sources demonstrate relatively similar global mean
projections [1], there are some regional differences, with SROCC end-century projections
tending to be slightly higher than in AR5. To determine potential uncertainties associated
with the full analysis used to generate the present dataset, the analysis was repeated with
the 5th, 50th, and 95th percentile limits given by SROCC and AR5. Note that the data
related to the 5th and 95th percentile limits are not provided within this dataset; however,
the resulting confidence bands are discussed by Kirezci et al. [7].

As noted above, topography data are possibly the greatest source of uncertainty in
coastal flooding studies. Both MERIT and CoastDEM terrain models were used in this
study and the potential uncertainties are considered in Figure S2. The CoastDEM results
are not included in the present database.

To determine the flood extent, we applied a bathtub approach, where the ESL exceeds
the coastal defence structure and flood depth. In this approach, the storm duration and
potential sea level attenuation are neglected. In reality, storm duration, the height of the
coastal defence structure, and the geographical conditions of the shore (e.g., whether it
is mangrove, etc.) will impact the flood depth behind any coastal defence. Although
the bathtub approach is usually assumed to overpredict the inundation extent [30] by
potentially underestimating impacts like overland flood attenuation [40], this approach is
the only practical approach for global-scale analysis.

Land subsidence due to anthropogenic groundwater or gas extraction is not included
in the present ESL dataset, which may result in an underestimation of the flood extent and
potential impacts [14,41,42].

Despite these limitations [5,7], the present dataset compares well against tide gauge
data and is consistent with a broad range of previous studies. As such, the dataset represents
a plausible first-pass projection of the impacts of coastal flooding in the coming century.

3.5. Technical Background to the Data Visualization in the Digital Twin Platform

In addition to the data records described below, a data visualization system has also
been developed for potential users. Figure 2 illustrates the communication between the
coastal flood data housed in the Digital Twin servers and the client. The process comprises
three elements: the database (or raw data file), web map services and web map client.
On the backend-server side, the coastal flood datasets are hosted either on GeoDatabases
or as Shapefiles. Both formats are directly linked to the GeoServer as a data store and
published through OGC (Open Geospatial Consortium) standards such as the Web Map
Service (WMS) and Web Map Tile Service (WMTS). The Digital Twin client is web browser-
based and serves a map client integrated with a 3D globe visualization engine Cesium
(www.cesium.com), which provides capabilities for spatial data visualization and spatial
data query in a true 3D environment. To host and visualize global coverage data, like
coastal flood data, the Digital Twin client has been optimized using the following methods.
Firstly, all the web map tiles are pre-rendered and cached on the server side and delivered
through WMTS to reduce the rendering pressure on the client side. Secondly, map tiles
are loaded on the client side based on zoom level and bounding box to boost the loading
performance and reduce the network traffic. Thirdly, map feature information, including
geometry and attributes, has been designed to be displayed on demand for spatial data
queries through GetFeatureInfo operations of WMTS to enable interactive data query and
visualization.

www.cesium.com
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4. User Notes
This section describes how to use the online interactive flood visualization tool,

CoastalFloodPlatform.
The tool can be accessed at: https://idigitaltwin.org/?view=coastalFloodViewer (ac-

cessed on 24 January 2025)
Users are advised to exercise caution in the use of the present datasets. This global

coastal flooding data and the visualization tool and maps are provided for a macroscopic
portrayal of coastal flood risk and are unsuitable for localized assessments due to their
inherent low resolution. Please note that the coarse resolution of the data and the ap-
proximations used for a global representation of coastal protection levels are unsuitable
for finer-scale investigations. It is crucial to acknowledge that this dataset and its cor-
responding maps are not designed for localized applications, and users are encouraged
to exercise caution, particularly when interpreting the data at regional or smaller scales.
The developers make no expressed or implied warranties with respect to the accuracy,
completeness, character, function or capabilities of the online tool or the data. Appropriate
use and conclusions drawn from the data and images are the responsibility of the user.

The Coastal Flooding Platform comprises 3 main layers:

• Extreme sea levels at point locations (under the “Extreme Sea Levels” tab);
• Flood areas for different adaptation scenarios (under “Flood Areas—Baseline”, “Flood
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