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Executive summary 
Coastal flooding is a real concern that affects millions of people across Europe. It not only poses a 

threat on humans but also on infrastructure and services. The EU-funded CoCliCo project aims to 

deliver an open web-platform that will help inform decision-making on coastal risk and adaptation with 

relation to coastal flooding. The platform will look into the main risk drivers and adjust visualization and 

analysis techniques to local decision contexts. It will further combine important and high-quality 

geospatial information layers. Users of the platform will be able to visualize, download and analyze 

multiple decision-oriented coastal risk scenarios. 

Even if climate change mitigation objectives agreed in Paris in 2015 are met with global surface 

warming limited to 1.5°C, sea level will rise at least by 0.3 to 0.6m in 2100 compared to 1995-2014 and 

then continue rising for centuries. The potential impacts for coastal flooding are a major source of 

concern for Europe because as more than 50 million people are living in low elevation coastal zones 

and many infrastructures and economical assets are located close to shorelines or in low-lying areas. 

Broad scale coastal climate services and platforms available today have successfully addressed the 

need to raise awareness on mitigation. However, an authoritative, consistent and decision-oriented 

platform is still missing to meet the needs of adaptation practitioners concerned with (1) the routine 

identification of coastal territories at risk from inundation, (2) coastal land use planning or (3) maintaining 

coastal infrastructure services. The Coastal Climate Core Service (CoCliCo) project aims at informing 

decision-making on coastal risk and adaptation, by delivering an open web-platform exploring dominant 

risk drivers, adjusting visualization and analysis techniques to local decision contexts, and combining 

relevant and high-quality geospatial information layers. Through the platform, users will be able to 

visualize, download and analyze multiple decision-oriented coastal risk scenarios relevant to the rich 

user-narratives of CoCliCo’s Demonstration Case Studies addressing the three needs raised above. 

To meet this challenge, CoCliCo brings together European organizations and scholars that have proven 

track records of delivering broad-scale coastal risk and adaptation assessment, as well as leading 

research and technologies in interoperable geospatial data management, decision sciences and risk 

communication.  

CoCliCo has 8 Work-packages (WPs) and this report is the deliverable 3.1 of WP3 of the project. 

It is dedicated for task 3.1, that reviews available past climate datasets and future projections under 

different greenhouse gas emission scenarios (SSPs), evaluates their suitability as coastal flood and 
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erosion drivers along the EU coast and identifies research gaps and potential improvements to be 

addressed in next tasks of WP3. 
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1.Introduction 

Coastal zones are expected to be significantly influenced by sea-level rise and changes that act at 

various timescales ranging from episodic extreme events to interannual-to-centennial changes as a 

result of climate change impacts (Melet et al., 2018). Such coastal impacts include coastal flooding, 

enhanced coastal erosion, changes in coastal ecosystems and salinization of soils, groundwater and 

surface water (Oppenheimer et al., 2019). Coastal flooding is defined as a temporary inundation of a 

terrestrial coastal area that is not normally submerged (Pollard et al., 2019). Moreover, coastal erosion 

can be defined as the net transport and removal of sediments from a coastal area to another location. 

Coastal flooding is caused by extreme total water levels (TWL). TWLs are the result of the combination 

of contributions from several marine dynamics, including the sea level rise (SLR), astronomical tides, 

storm surges and wave set-up and swash at the shoreline (Melet et al., 2018; Kirezci et al., 2020), see 

Fig.1.1. Storm surges are defined as changes in water levels due to surface atmospheric pressure and 

the displacement of surface waters by the wind (also known as wind setup). Additionally, astronomical 

tides result from Earth's rotation and gravitational effects of the Earth, Sun and Moon system without 

any atmospheric influences. In other words, they are caused by external forces independent on the 

earth climate system. Furthermore, sea level rise is caused by several processes including oceans 

thermal expansion due to a warming ocean, meltwater from glaciers and ice sheets of Antarctica and 

Greenland, changes in land-water storage, changes in ocean circulation, vertical land motions and 

glacial isostatic adjustment (GIA), (Fox-Kemper et al., 2021).  

Ocean waves are generated by marine wind fields due to the energy transmission from the surface 

winds to the ocean. Wave set-up is the time-mean sea-level elevation onshore the wave breaking point 

due to wave energy dissipation, and swash corresponds to the vertical fluctuation of the water line 

above the still water level induced by individual waves (e.g. Dodet et al. 2019; Melet et al., 2018, 2020). 

Wave runup corresponds to the highest waterline elevation reached by individual waves and is of prime 

importance for overtopping of coastal defenses (e.g. Dodet et al. 2019; Almar et al. 2021).  

Coastal erosion, usually accompanied by shoreline retreat, is driven by the sea level rise, storm 

surges, changes in wave power and sediment loss (Ranasinghe, 2016). Thus, the common main marine 

dynamics and drivers of coastal hazards are mean sea level (MSL) variations, tides, storm surge and 

waves. Consequently, this report would focus on these drivers for the assessment and studies of coastal 

impacts along the European coastal margins. 
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Fig.1.1. Schematic of processes contributing to total water-level changes at the coast (Melet et al., 

2018). 

1.1 Project and report’s scope   

This report is the deliverable 3.1 (D3.1) of the CoCliCo project. It encompasses an advanced review 

and evaluation of climate datasets along the European coast to be used as coastal flood and erosion 

hazard drivers. CoCliCo is a project that aims at improving decision-making on coastal risk 

management and adaptation, by establishing an integrated core service dedicated to coastal adaptation 

to sea-level rise. To achieve this goal, CoCliCo is structured in 8 Work-packages (WPs), see Fig.1.2, 

and this document represents the deliverable 3.1 of WP3 of the project. The project’s implementation 

follows two iterations: the Fast-Track (after the first 12 months) and the Full-Track (by the end of the 

project). The Fast-Track combines existing geospatial data layers such as coastal mean and extreme 

sea levels and hazards (Oppenheimer et al., 2019) and infrastructures (Copernicus Land Service - 

CORINE Land Cover 2018 and coastal land cover dataset). However, the Full-Track incorporates 

contextualized and more accurate geospatial data layers based on the research actions conducted in 

WP3 to WP6, as well as other Copernicus services.  

The objective of WP3 is to improve the scientific knowledge and projections of coastal hazard 

drivers to provide more advanced marine dynamics datasets than available in the Fast-Track. To this 

end, WP3 addresses the collection and development of new high-resolution datasets of mean and 

extreme past and projected sea-level changes and delivers upgraded and authoritative datasets to be 

used as boundary conditions for the coastal flood and erosion models applied in WP4 of the project.  
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Fig.1.2. Methodology of CoCliCo, showing the phasing of the project, different working 

packages and its links to existing and future data products and requests. 

Deliverable 3.1 is the first of the six deliverables of Work Package 3 – Mean and extreme sea-level 

projections: 

 D3.1 Report on the state of the art.  

 D3.2 Pan-European relative regional mean sea-level hindcast and projections.  

 D3.3 High-resolution relative mean sea-level hindcast and projections.  

 D3.4 Pan-European storm surge and wave hindcast and projections.  

 D3.5 Pan-European mean and extreme total water levels and compound events, and 

assessment of the associated uncertainties.  

 D3.6 Geospatial layers to be implemented in the Full-Track web-platform.  

 

The current report D3.1 reviews the state of the art and the potential useful datasets of mean sea 

level, storm surge and waves, in order to evaluate the most appropriate databases to be used as coastal 

hazard drivers as well as their main limitations and gaps regarding climate characterization. To review 

the available past climate datasets and future projections under different greenhouse gas emission 

scenarios, the different partners of WP3 have provided information on databases generated by their 

institutions that could be utilized within the CoCliCo project. Additionally, available data information on 

web and open platforms are also collected and reviewed. Accordingly, an evaluation of the suitability of 



 

 

 

 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No. 101003598 
 

 

 

18 

several datasets, to be employed as coastal flooding and erosion drivers along the EU coast, has been 

accomplished identifying research gaps and potential improvements of the climate datasets. 

The present document is organized as follows: First, a general introduction of the aim and scope 

of D3.1 is presented. This is followed by a general description of the different sources of historical 

climate information and future projections, as well as characterizations and limitations of such sources 

are given in section (2). Extensive descriptions of some specific databases that have been selected as 

useful information for the project are delineated in sections (3) and (4) for historical databases and 

future projections, respectively. Finally, knowledge gaps and uncertainties of the climate datasets are 

presented in section (5). Annexes and tables synthetizing relevant existing datasets are provided at the 

end of the document. 
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2. Sources of Climate Information 

This section addresses the different sources of climate information from both observational and 

numerically simulated data. Observations from in-situ measurements and remote sensing data are 

described first. This is followed by descriptions of the numerically simulated data of waves, storm surges 

and the mean sea level. 

In general, there are two main types of instruments to measure marine dynamics. They may be 

classified as point-source (e.g., wave buoys for surface gravity waves and tide gauges for sea level), 

as well as wide-scope measurements using remote sensing techniques including satellite altimeters. 

Descriptions of climate information from in-situ measurements are given in sub-section 2.1, whereas 

those of remote sensing observations are delineated in sub-section 2.2. 

2.1 In-situ measurements 

2.1.1 Wave measurements (buoys) 

Waves have been measured using various observation platforms from point-source sites, such as 

surface moored buoys, bottom-mounted systems, acoustic profilers, etc. The majority of the existing in-

situ measurements of wind waves are derived from moored buoys in coastal margins. Buoys could be 

spherical, discus, spar or boat-shaped hull. The most widely used method measures buoy motion and 

converts it into wave motion based on its hydrodynamic characteristics (Ardhuin et al., 2019, Dodet et 

al., 2019). In other words, wave motion can be derived based on the buoy response function, and the 

motion of the buoy is measured using different sensor technologies.  

Wave buoys provide good integral wave parameters, such as the significant wave height, mean 

and peak periods. Furthermore, directional buoys provide more information about the wave directional 

spectra from which the mean direction and directional spreading could be derived. Such bulk sea state 

parameters are provided with high temporal resolution (usually as hourly sea state conditions). Time 

series from several historical years of these records are available. The main demerits of buoys are that 

they provide data focusing on a very limited area, i.e. the mooring locations. Additionally, the time series 

of measured sea state parameters may have some temporal gaps. These gaps in the records are 

usually due to gauge and station maintenance operations (usually during the summer) or to problems 

resulting from the impact of storms. Generally, buoy records are not long enough to characterize the 
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wave climate at their locations. However, such measured wave data is important and mandatory for 

wave modelers to calibrate and validate numerically simulated wave data (e.g. wave hindcasts).  

Buoy networks are coordinated by international programs including the Date Buoy Cooperation 

Panel (DBCP) as well as the Joint Commission for Oceanography and Marine Meteorology (JCOMM). 

The DBCP is an international program coordinating the use of autonomous data buoys to observe 

atmospheric and oceanographic conditions, over ocean areas where few other measurements are 

taken. It is a joint body of the World Meteorological Organization (WMO) and Intergovernmental 

Oceanographic Commission (IOC) of UNESCO. It aims at increasing the quantity, quality, global 

coverage and time lines of atmospheric and ocean data, see Fig. 2.1 for the available wave 

measurement sites from JCOMM.  

The Joint Technical Commission for Oceanography and Marine Meteorology (JCOMM) is an 

intergovernmental body for international coordination of oceanographic and marine meteorological 

observing, data management and services. It combines the expertise, technologies, capacity and 

development capabilities of the meteorological and oceanographic communities. Recognition that 

worldwide improvements in coordination and efficiency could be achieved by combining the expertise 

and technological capabilities of WMO and UNESCO Intergovernmental Oceanographic Commission 

(IOC) led to its creation. Additionally, it has established an Ocean Data Acquisition System (ODAS) 

metadata standard which is hosted at the China Meteorological Agency (ETMC, 2007).  

http://www.wmo.int/
http://ioc.unesco.org/
http://www.ioc-unesco.org/
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Fig. 2.1. Location of wave measurement sites (January, 2022), from JCOMM Data Buoy Cooperation 

Panel, http://www.jcommops.org/dbcp/network/maps.html 

Various buoy networks, provided by different European institutions, are listed and summarized in 

Tables A.1 and A.2 of annex (A). Such organizations include, for instance, the Spanish Port Authority, 

Italian national data buoy network (RON), Météo-France, etc.  

2.1.2 Sea level measurements (tide gauges) 

In-situ sea level measurements are derived from tide gauges, known also as sea level recorders 

or mareographs. These devices measure the changes in sea level relative to a vertical datum. They 

read the continuous rise and fall of the sea surface and tend to be located at ports for navigation 

purposes. Most of tide gauges provide hourly measurements of sea level and sometimes with higher 

frequency sampling. Measured sea level data is of a vital importance for several purposes including the 

validation of ocean and hydrodynamic models, measuring global weather patterns, navigation activities 

and the characterization of sea level trends and rise due to climate change effects (Marcos et al., 2019). 

Tide gauges have existed for more than a century, installed by various institutions all over the 

world. Accordingly, efforts have been carried out to acquire the available sea level data from theses 

gauges in international networks. To this end, five international programs are currently available for 

http://www.jcommops.org/dbcp/network/maps.html
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integrating global and regional sea level networks for different purposes including climate studies and 

coastal research. The programs included in this deliverable are the Global Sea Level Observing System 

(GLOSS), Permanent Service for Mean Sea Level (PSMSL), University of Hawaii Sea Level Center 

(UHSLC), the Global Extreme Sea Level Analysis (GESLA), versions 2 and 3, and the Minute Sea-

Level Analysis (MISELA) dataset. Fig. 2.2 shows the locations of stations with sea level information of 

the of GESLA-3 dataset. 

The PSMSL, established in 1933, has been responsible for the collection, publication, analysis and 

interpretation of sea level data from the global network of tide gauges. It is based in Liverpool at 

the National Oceanography Centre (NOC). It is funded by the British Natural Environment Research 

Council (NERC). PSMSL has many applications within oceanography, climate change studies, geology, 

geodesy and surveying. The most familiar application is global and regional sea level rise and variability. 

The PSMSL data set is the main source of information on long term changes in global sea level during 

the last two centuries. The data have been employed intensively in studies such as those assessed in 

reports of the Intergovernmental Panel on Climate Change (IPCC) (e.g. Oppenheimer et al. 2019; Fox-

Kemper et al. 2021). 

 

Fig. 2.2. Locations of the sea-level records in GESLA-3 (Haigh et al., 2022). 

http://noc.ac.uk/
http://www.ipcc.ch/index.htm


 

 

 

 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No. 101003598 
 

 

 

23 

The Global Sea Level Observing System (GLOSS) was established by the Intergovernmental 

Oceanographic Commission (IOC) of UNESCO in 1985 to establish a well-designed, high-quality in situ 

sea level observing network to support a broad research and operational user base. GLOSS provides 

oversight and coordination for global and regional sea level networks in support of, and with direction 

from, the oceanographic and climate research communities. GLOSS remains under the auspices of the 

IOC and is one of the observing components under the World Meteorological Organization (WMO) / 

IOC Joint Technical Commission for Oceanography and Marine Meteorology (JCOMM). GLOSS relies 

on the participation of tide gauge operators to maintain tide gauges’ stations to a research quality 

standard. At present about 80 nations participate in the GLOSS program. GLOSS contributes to the 

Global Ocean Observing System (GOOS), particularly its climate, coastal and operational service 

modules, through the progressive development of the sea level measurement network, data exchange 

and collection systems, and preparation of sea level products for various user groups. 

The UHSLC operates the GLOSS Fast-Delivery Center, which is responsible for assembling and 

distributing a version of GLOSS sea level data that has undergone preliminary quality control by 

Member Nations and includes supporting metadata information. “Fast-Delivery” implies posting of the 

data within 1-2 months. The UHSLC provides Fast-Delivery quality control services for Member States 

that do not have that capability. The Joint Archive for Sea Level (JASL) hosted by the UHSLC acquires 

hourly datasets from GLOSS and non-GLOSS tide gauges from around the world that have received a 

final quality assessment from the data originators. JASL provides an independent check of the data, 

primarily to identify any remaining outliers, timing issues, or datum shifts. Any quality issues with the 

data are brought to the attention of the data originators for reconciliation. JASL then assembles a single 

hourly time series for each station, or a series of sub-records if datum changes occur over time. The 

JASL dataset therefore represents a “data product”, as problematic data points are not simply flagged 

and left in the records as they are by BODC for the GLOSS Delayed Mode Dataset, but changes to the 

data actually are implemented by JASL analysts (e.g., level adjustments, timing shifts, outlier removal).  

The GESLA (Global Extreme Sea Level Analysis) project grew out of the interests of several people 

in learning more about the changes in the frequency and magnitude of extreme sea levels. The original 

aim of the project was to assemble as many higher-frequency (i.e. hourly or more frequent) sea-level 

records as were readily available into a common format with consistent quality control flags to make it 

easier for researchers to maximize geographic density of data capturing tides, storm surges, extreme 

sea levels and other related processes on a global scale. GESLA-1 contained 21,197 years of higher-

frequency measurements from 675 records from tide gauges around the world. After some years it 

http://www.gloss-sealevel.org/
http://www.wmo.int/
http://www.jcomm.info/
http://www.goosocean.org/
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became apparent that GESLA-1 needed updating to include additional data and to extend its coverage 

in under-represented areas. Thus GESLA-2 was assembled in 2015 and 2016. This second version 

contained almost double the amount of data compared to the first. GESLA-2 contained 39,151 years of 

higher-frequency measurements of sea level from 1,355 records (Woodworth et al. 2017). It has been 

used in several publications including the Intergovernmental Panel on Climate Change’s Sixth 

Assessment Report (AR6). GESLA-3 was compiled in 2020 and 2021, to extend the dataset further in 

time and space. It contains 90,713 years of data from 5,119 records (Haigh et al. 2022). It is worth 

noting that the majority of the tide gauges around the European coasts are included in the GESLA-2 

and 3 datasets. 

The MISELA (Minute Sea-Level Analysis) contains delayed-mode 1 min quality-checked and high-

pass-filtered (2 h cut-off period) sea-level records from a large number of tide gauges worldwide for a 

period from 2004 to 2019 (Zemunik et al., 2021). The main source for constructing the MISELA dataset 

is the Intergovernmental Oceanographic Commission Sea Level Station Monitoring Facility and 

Intergovernmental Oceanographic Commission (IOC). The MISELA dataset contains 331 data files in 

the NetCDF format, each corresponding to high-frequency sea-level time series from one tide gauge. 

In total, the dataset contains 2303 station-years of data spanning between 2004 and 2019, with an 

overall average record length of nearly 7 years, although this varies from only 1.5 years at some stations 

to 12 years at others. Longer records (>10 years) are primarily located in the Baltic region and Australia, 

whereas shorter records (< 4 years) are grouped in Chile, Central America and Indonesia. See Zemunik 

et al. (2021) for more details about the dataset. 

Regarding the pros and cons of tide gauges, they have the merits of providing accurate local sea 

level changes with long time series with records going back several decades, or even more than a 

century in particular locations. This is very demanding to understand the mean sea level rise and 

extreme sea level phenomena, such as storm surges and tsunamis. Such data is very interesting for 

quality assessment of large scale ocean models. Moreover, tide gauges represent prime sources for 

the estimation of vertical land motion (VLM) that is relevant to compute the relative sea level rise, see 

annex (E) for more information about VLM. On the other hand, as point-source instruments, tide gauges 

provide data that is limited to its location. Because many tide gauges are located in harbour basins, the 

recorded sea height values can be affected by level wave disturbances in shallow areas with complex 

coastal boundaries. In addition, some of these coastal sites are highly affected by freshwater inputs 

(e.g. river runoff and groundwater). The different datasets of tide gauges networks are listed and 

summarized in Tables A.1 and A.3 of annex (A). 
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2.2 Remote-sensing observations 

Satellite altimetry is a nadir looking active microwave instrument that emits pulses and measures 

the characteristics of the returned signal reflected from the ocean surface. Then the travel time, that 

gives the distance between the altimeter and the wavy sea surface, the power and shape of the 

returning pulse are utilized to estimate several geophysical parameters including the marine surface 

wind speed, significant wave height and the sea level. Typically, an altimeter provides one 

measurement each 1/20th of a second (20 Hz). This means that about 20 individual 20-Hz values are 

averaged to provide the typical one measurement each second (1 Hz). Depending on the altitude of the 

satellite, the distance covered will be typically (6-7) km along the satellite track. Satellite altimeters 

provide measurements with global coverage and a revisit time (repeat cycle) of several days, typically 

(10-35) days (Cavaleri et al., 2018, Abdalla et al., 2021). However, data suffers from discontinuities in 

time. Moreover, conventional satellite altimetry methods perform more poorly at distances up to 20 km 

from the coast (Passaro et al., 2015). The poorer performances of satellite altimetry in the last 

kilometers (~20 km) off the coasts are due to land contamination in the radar footprint that modifies in 

a complex way the radar waveform, and to less accurate geophysical corrections (e.g., Birol et al. 2016; 

Cipollini et al. 2017; Benveniste et al. 2019).  This means that conventional altimetry data is not reliable 

in high resolution coastal areas. However, its global coverage has revolutionized measurements in open 

oceans as well as semi-enclosed seas. Over the last years, coastal altimetry has substantially 

progressed thanks to specific waveform retracking (e.g., Passaro et al. 2014, 2018), improved 

geophysical corrections and data editing (Birol et al. 2016), or altimetry missions with smaller footprint 

(SARAL/AltiKa Ka-Band altimeter) or higher along-track resolution (CryoSat-2 and Sentinel-3A and B 

delay- Doppler Altimeters), see Melet et al. (2020). Efforts were undertaken to combine specific 

waveform retracking, improved data editing and corrections to study sea level changes as close to the 

coast as possible (e.g., Marti et al. 2019), including sea level trends (Climate Change Initiative Coastal 

Sea Level Team, 2020). These recent developments have made it possible to retrieve sea level trends 

from altimetry closer to the coast (less than 5 km offshore in many cases). Importantly, these results 

also show that for most places, no significant difference (within +/−1 mm/yr) is noticed between the 

open ocean (assumed ~15 km away from the coast) and the coastal zone (the first few km from the 

coast), although this is not true everywhere (Climate Change Initiative Coastal Sea Level Team, 2020). 

In any cases, altimeter information is very practical and commonly used in the calibration and validation 

of simulated wave and ocean data, and are often assimilated in wave (significant wave height) and 

ocean re-analyses (sea level anomaly). 
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Satellite measurements of waves and sea level started with GEOSAT in 1985 with almost no 

interruption until today, except a gap of no measurements around 1990. Lots of missions have been 

launched starting from 1991 until now, with an increase of observations as new missions start working 

on-board. Table 2.1 list the characteristics of different satellite missions with reliable altimeter data, see 

Cavaleri et al. (2018), Ribal and Young (2019) and Abdalla et al., (2021). Additionally, Fig. 2.3 shows 

the timeline of altimetry satellites including modern missions (Abdalla et al., 2021).  

Altimetry data are frequently produced with three levels of products (Dodet et al., 2020), namely: 

 L2P (level 2 preprocessed) data: Along-track products separated per satellite, including all 

measurements with flags, corrections and extra parameters from other sources (Piollé et al., 

2020a). Normally, it has a spatial resolution of 7 km along the satellite track. 

 L3 (level 3) data: Edited mono-mission, inter-calibrated, along-track products, derived from the 

L2P data and retaining only quality checked measurements from all altimeters over 1 day, with 

simplified content (only a few key parameters). This is close to what is delivered in near real 

time and as reprocessed past time series by, for example, the Copernicus Marine Environment 

Monitoring Service (CMEMS) (Piollé et al., 2020b). L3 products have the same spatial 

resolution of the L2P products. 

 L4 (level 4) data: Statistical gridded products, also derived from L2P data and averaging valid 

and good measurements from all available altimeters over a fixed resolution grid for statistics 

(Piollé et al., 2020c). 

Table. 2.1 Satellite missions with reliable altimeter measurements 

Satellite Starting year End year Altitude (km) Repeat cycle 
(days) 

Geosat 1985 1990 800 17 

ERS-1 1991 1996 785 35 

TOPEX/Poseidon 1992 2005 1336 10 

ERS-2 1995 2011 785 35 

GFO 2000 2008 800 17 

Envisat 2002 2012 800 35 

Jason-1 2002 2013 1336 10 

Jason-2 2008 Ongoing 1336 10 

Cryosat-2 2010 Ongoing 720 369 

HY-2 2011 Ongoing 963 14 

SARAL 2013 Ongoing 800 35 

Sentinel-3A 2016 Ongoing 815 27 

Jason-3 2016 Ongoing 1336 10 

Sentinel-3 B 2018 Ongoing 815 27 

Sentinel-6 A 2019 Ongoing 1336 10 
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Fig. 2.3. Altimetry satellites timeline (Abdalla et al., 2021). 

2.2.1 Significant wave height from altimeters 

Altimeter significant wave height (SWH) records have shown a valuable source for wave climate 

characterization. They have been validating by comparing quite well with in-situ observations. As 

previously mentioned in section (2.2), echoes reflected back from a wavy sea surface are registered in 

time and assembled as radar power signals called waveforms. These waveforms then mimic the 

cumulative distribution function of the wave amplitude statistics (Ardhuin et al., 2019). Broad waveforms 

correspond to high energetic sea state conditions, whereas narrower ones correspond to low sea 

states. In general, it is known that SWH retrieval at low sea states, and particularly below 0.75 m, is 

less accurate and not reliable due to inadequate sampling of the signal (Smith and Scharroo, 2015).  

Recently, the Synthetic Aperture Radars (SARs altimeters) are providing information of the 2D 

wave spectra in order to derive other wave parameters, e.g. mean wave period and mean direction. 

Moreover, the usage of altimeters that use short electromagnetic waves, known as Ka-band altimeters, 
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such as SARAL/Altika, is reducing the size of the ground footprint. Consequently, this enables 

measuring waves closer to the coast (Abdalla, 2015). 

Several datasets of wave measurement from satellite altimeters are listed and summarized in Table 

B.1 of annex (B), including data provided from different institutions, e.g. the European Space Agency 

(ESA), Aviso+, CMEMS and the GlobWave products. 

2.2.2 Sea level data from altimeters 

Satellite altimeters provide also measurements of the sea level climate parameter, usually referred 

as sea surface height (SSH) or sea level anomaly (SLA). Errors affecting altimeter-derived sea level 

data require a series of corrections that fall into two main categories, namely: (1) range corrections and 

(2) geophysical corrections. The former considers the alteration of the radar speed and the actual 

scattering surface of the radar pulse. Such corrections include dry troposphere refraction, i.e. the effect 

of dry gases on the radar pulse; wet troposphere refraction, i.e. refraction due to the presence of water 

vapor in the troposphere; ionosphere refraction, i.e. wave refraction in the ionosphere and sea-state 

bias correction, i.e. the bias of the range measurement due to the ocean wave troughs (Birol et al. 2016; 

Cipollini et al. 2017; Abdalla et al., 2021). 

Since the return signal includes the tidal and atmospheric effects prevailing at the time of 

measurements, geophysical corrections should be considered as well. They include dynamic 

atmosphere correction (DAC, e.g. Carrère and Lyard 2003), i.e. the effect of pressure and wind, tide 

correction, i.e. the tide component of sea level and the geoid correction, i.e. the difference between the 

reference surface and the geoid (Lobeto et al., 2018). Taking both correction categories into 

consideration, the sea surface height (SSH) or the sea level anomaly (SLA) are obtained from satellite 

altimeter measurements. Table B.2 of annex (B) encompasses several datasets of altimeter derived 

sea level information provided by various institutions. 

2.3 Numerically simulated climate sources 

2.3.1 Simulation of mean sea level variations 

Sea level rise is one of the most well-known consequences of climate change, affecting coastal 

areas and communities, worldwide. On a global scale, there are several processes that contribute to 

the long-term variations of the sea level including oceans thermal expansion due to a warming ocean, 
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meltwater from glaciers and ice sheets of Antarctica and Greenland and changes in land-water storage 

through groundwater extraction and depletion (Fox-Kemper et al., 2021). Additional processes lead to 

variations in sea level on regional scales, including changes in ocean circulation (e.g. due to wind 

stress), glacial isostatic adjustment (GIA), changes in Earth’s gravitational field, rotation and solid earth 

deformation (known as GRD effects) due to the redistribution of mass between land and the ocean 

(Slangen et al., 2017). Other processes have to be included in coastal zones ( Woodworth et al. 2019). 

It is worth noting that GIA contributes to global mean sea level (GMSL) changes, due to changes in 

ocean basin’s geometry. This leads to a correction of 0.3 mm/yr in the GMSL rise based on altimetry. 

Moreover, GIA causes vertical land motion (VLM) that is crucial for estimating the relative sea level rise 

and thus the total water level as a driver of coastal flooding and erosion models. More details regarding 

vertical land motion are given in annex (E) of this deliverable.  

Sea level past and projected variations are frequently modeled and analyzed using data from 

atmosphere-ocean general circulation models (AOGCMs) from the World Climate Research Program 

(WCRP) Coupled Model Intercomparison Project (CMIP). The AOGCMs respond to specified time-

varying concentration of various atmospheric constituents (e.g. greenhouse gases) and include an 

interactive representation of atmosphere, ocean, land and ice (Taylor et al., 2012). They provide a 

framework of coordinated climate change experimentation for the next years and decades, i.e. yielding 

insights about the climate system and the processes responsible for climate change and variability. The 

most recent phase of such climate models is the CMIP6, serving as an updated and improved version 

of CMIP5. Outputs of these climate models are commonly utilized to force ocean and hydrodynamic 

models for modeling mean sea level projections, at global and regional scales, under different future 

climate change scenarios, i.e. the Shared Socioeconomic Pathways (SSPs). Global climate model 

ocean components normally have coarse spatial resolutions (≥ 1°) that could be used for global scales. 

However, such coarse resolution is not appropriate for studying regional sea level variations in semi-

enclosed basins (e.g. the Mediterranean Sea). Accordingly, regional climate models (RCMs), with 

higher spatial resolutions, are much suitable for modeling local and small-scale features and processes 

(Adloff et al., 2018; Chaigneau et al. 2022; Hermans et al. 2020; Sannino et al. 2022), e.g. the 

coordinated regional downscaled experiment (CORDEX) regional models.  

Sea level re-analyses are performed using ocean models, e.g. the Nucleus European Modelling of 

the Ocean (NEMO) (Madec et al., 2016), being forced with atmospheric re-analyses or historical data 

from CMIP climate models to simulate sea level variations. Re-analyses are constrained by the 

assimilation of observational data, e.g. satellite altimetry or in-situ measurements (e.g. Storto et al. 
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2019; Lellouche et al. 2021), producing temporally long datasets of sea level as well as other oceanic 

parameters (e.g. salinity, currents, etc.). Accordingly, an assessment of sea level trends and variations 

could be investigated as sea level changes. Ocean re-analyses can provide hourly sea level change 

data covering the past decades, usually since the early 1990s and the advent of satellite altimetry. Note 

that regional ocean re-analyses are moving towards the incorporation of explicit tides and surface 

atmospheric pressure forcing which is beneficial for surge and water level representation. 

2.3.2 Simulation of storm surges from numerical models 

Hydrodynamic and ocean models are frequently used to model water level changes due to 

meteorological conditions. These models solve the Navier Stokes equations for an incompressible fluid, 

under the shallow water and the Boussinesq assumptions. They may run in 2D (depth-averaged) of 

fully 3D modes. In case of modeling storm surges, depth-averaged models are often employed, where 

the vertical accelerations are neglected in the vertical momentum equation, which leads to the 

hydrostatic pressure equation. These ocean models are widely utilized for producing storm surge 

hindcasts, i.e hindcasts of the meteorological sea level component. Such numerical models include, as 

examples, the Regional Ocean Model System (Shchepetkin and Mcwilliams, 2005), the  SCHISM 

circulation model (Semi-implicit Cross-scale Hydroscience Integrated System Model) based on the 

original SELFE code v3.1dc (Zhang and Baptista, 2008) and the Flow module of Delft3D (Lesser et al., 

2004) that runs using structured and curvilinear grids. Recently, Delft3D Flexible Mesh model 

(Kernkamp et al., 2011) has been used for storm surge modeling with high resolution in coastal areas 

(1.25-5 km) together with low coarse resolution (25-50 km) in open oceans (Muis et. al., 2016; 2020) to 

produce long storm surge dataset (typically longer than 30 years) with hourly temporal resolution.  

Hydrodynamic models are forced with surface wind fields and atmospheric pressures obtained 

from atmospheric re-analyses and calibrated using measurements from tide gauges and/or altimeter 

data. In-situ measurements and remote sensing data are also employed for model validation, assessing 

the quality of the produced datasets. Moreover, these models are forced with outputs of GCMs and 

RCMs for storm surge projections under future climate change scenarios. 

Long temporal coverage storm surge hindcasts provide abundant information of seal level changes 

due to atmospheric conditions that facilitates the characterization of the sea level variations. Moreover, 

the high spatial resolution of modeled data enables using water level data as drivers of flood models 

utilized for coastal impact studies. Furthermore, they are utilized for bias correction of future projections 

of storm surge due to climate change effects. Table C.1 of annex (C) includes a list of the most recent 
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sea level datasets available along the European coastal margins, provided by different institutions, with 

more information about their spatial and temporal resolutions, wind forcing as well as the geographical 

and temporal coverage.  

2.3.3 Simulation of waves from numerical models 

Waves have been widely modeled using third-generation wave models that numerically solve the 

Wave Action balance Equation (WAE). These models represent the state-of-the-art phase averaged 

models usually used for producing wave hindcasts and forecasts (Dodet et al., 2019). Such numerical 

wave models include the WAVEWATCHIII (WW3DG, 2019), WAM model (WAMDI group, 1988; Komen 

et al., 1994) and SWAN (Booij et al., 1999) models. They integrate the (WAE) in time and space 

explicitly (WAVEWATCH III and WAM) or implicitly (SWAN) without any presumption of the shape of 

the wave spectrum. Various source and sink terms formulations are available in these spectral models 

for numerically simulating wind wave generation, propagation, nonlinear wave-wave interactions and 

energy dissipation due to white-capping, bottom friction and depth-induced breaking.  

Wave hindcasts are generated to improve our understanding of wind generated wave dynamics 

and also for the generation of homogeneous long databases of sea state parameters (e.g.for 30 

historical years) with a high temporal resolution (1-3 hours). Wave models are forced with surface winds 

from atmospheric re-analyses and calibrated using measurements from mooring buoys and/or altimeter 

data. Such observational data are also used for model validations, assessing the quality of the produced 

wave datasets. The spatial resolution employed for modeling waves depends on the spatial scale of 

the area of interest. For global and regional wave models of oceanic waters, the spatial scale is typically 

(25-100) km. However, wave models require smaller grid sizes (e.g. spatial resolution below 1km) within 

the numerical domain in the coastal areas (Holthuijsen, 2007). WAVEWATCH III and WAM models are 

appropriate for global and regional modeling with the possibility of running multi-grids with different 

sizes in a two-way nesting approach. This enables obtaining wave data and 2D wave spectral 

information with relatively moderate spatial resolution a few kilometers off the coast. They however are 

not configured to solve high spatial resolution nearshore wave processes.. Alternatively, the SWAN 

wave model, most suitable for coastal areas, is frequently nested to coarser resolution wave data (i.e. 

using outcomes from WAM and/or WW3), getting the spectral boundary conditions from such models, 

and downscaling the waves to the coastal area. Detailed bathymetric is required to achieve this 

downscaling process. Consequently, such high resolution wave data can be used as drivers of the 

models utilized for coastal impact studies. It should be highlighted that these wave models are also 
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forced with outputs of global and regional climate models for projections of wave conditions under future 

climate change scenarios. 

Wave hindcasts are usually employed to get temporally long datasets of wave climate that enables 

the characterization of the wave climate variability and trends. Moreover, they are employed for bias 

correction of future wave projected data under climate change scenarios (e.g. Lemos et al., 2020). 

Furthermore, wave time series provide consistent data for computing wave setup and swash as the 

contribution of waves to the total water level at the coast. Several empirical formulations could be used 

to compute the wave setup as a function of the significant wave height, peak period, foreshore beach 

slope and deep-water wavelength. See Stockdon et al. (2006) and Dodet et al. (2019) for a review.     

A list of the most recent wave hindcasts available for the European waters, provided by different 

research centers and institutions, is given in Table C.2 of annex (C). The table provides information 

about their resolutions, wind forcing, geographical domain, as well as the temporal coverage.  

2.4 Summary 

In summary, mean sea level, tides, storm surge and wave setup are constituents of the total water 

level (TWL) that represents a key driver for coastal flood and erosion models. Due to their high spatial 

and temporal resolutions as well as homogeneity, numerically simulated datasets and hindcasts of the 

abovementioned marine climate variables are widely used in coastal impact studies rather than other 

sources of data from in-situ measurements and satellite observations. The following Table 2.2 

summarizes the merits and demerits (limitations) of the different sources of climate information, with 

regard to their usage and application for coastal impact studies. 
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Table 2.2 Merits and demerits of the different sources of climate information 

 

Data source  Pros Cons 

In-situ 

measurements 

**Local and coastal information 

provided 

**Reliable and accurate measurements 

for calibration and validation of  

numerically simulated datasets. 

**Capture extreme events. 

**Providing information for a very limited 

area. 

**Time series of measured data may have 

some temporal gaps. 

 **These data records cannot be long 

enough for climate characterization and 

therefore not appropriate for coastal 

impact studies. 

Remote-

sensing 

observations 

**Revolutionized repeated 

measurements with global coverage. 

 

**Usage for  calibration and validation of  

large scale models, re-analyses and 

hindcasts. 

 

**Usage for data assimilation in ocean 

and wave models (re-analyses). 

** Data with discontinuities in time, and 

may not capture extreme events. 

 

**Poor performance in coastal areas, 

providing not reliable data in the first few 

km from the coast. Therefore, no reliable 

data in the coastal zone for the 

assessment of coastal impacts. 

  

**Multi-mission inter-calibration is required 

to get long historical information. 

Numerically 

simulated 

datasets 

**Provide data with high spatial and 

temporal resolutions. 

 

**Homogenous time series of marine 

dynamics parameters with long 

temporal coverages (re-analyses and 

hindcasts). 

 

**Future projections of marine dynamics 

under climate change scenarios. 

 

**Capable of studying and assessing 

coastal impacts due to flooding and 

erosion hazards. 

**Computationally expensive. 

 

**Sometimes, peaks (extreme events) are 

not modeled properly. 

 

**Simulated data is dependent on the 

selected and tuned parameterizations and 

available resolution and quality of their 

forcings (e.g. marine wind fields).  
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3. Historical Climate Datasets 

This chapter presents a description of some specific historical climate databases, available from 

open platforms and provided by the project partners, for waves, storm surges and the mean sea level. 

Despite the broad variety of the different data sources collected and summarized in annex C of this 

deliverable, this section addresses only some databases that have high temporal and spatial resolutions 

and are available without any constraints or limited access. All the selected databases have long 

temporal coverages of data with high spatial and temporal resolutions along the European coastal 

margins. 

3.1 Sea level datasets 

A review of the available sea level datasets along the European coasts have been carried out. 

More than 30 historical datasets of sea level hindcasts and reconstructions have been collected and 

reviewed providing information that is summarized in Table C.1 of annex (C). This information includes 

also historical storm surge hindcasts. Accordingly, the following 10 open-access databases are 

described briefly. The selected sea level datasets have high spatial resolutions and long temporal 

coverages longer than 25 years of sea level data. 

LEGOS historical sea level hindcast 

LEGOS (Laboratoire d’Etudes en Géophysique et Océanographie Spatiale) historical sea level 

hindcast contains the twentieth-century regional sea level changes that were estimated from 12 climate 

models from the 5th phase of the Climate Model Intercomparison Project (CMIP5). The output of the 

CMIP5 climate model simulations was used to calculate the global and regional sea level changes 

associated with dynamic sea level, atmospheric loading, glacier mass changes and ice sheet surface 

mass balance contributions. The contribution from groundwater depletion, reservoir storage and 

dynamic ice sheet mass changes are estimated from observations as they are not simulated by climate 

models. All contributions are summed, including the glacial isostatic adjustment (GIA) contribution and 

compared to observational estimates from 27 tide gauge records over the twentieth century (1900–

2015). More details about this dataset can be found in Meyssignac et al. (2017). 

Output variable: Mean sea level 
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Data format: Matlab files 

Data frequency: Monthly 

Access: Public by contact 

 

LEGOS sea level reconstruction 

LEGOS sea level reconstructions are based on 91 sparsely distributed tide-gauges as well as 

gridded sea level data from  two numerical ocean models over 1958–2007 (the DRAKKAR/NEMO 

ocean general circulation model, OGCM, without data assimilation, and the simple ocean data 

assimilation ocean reanalysis, SODA) and satellite altimetry gridded sea level data over 1993–2009. 

The empirical orthogonal function EOF approach was employed for the reconstruction of the past sea 

levels over the 1950-2009 time span. More details about LEGOS sea level reconstruction can be found 

in Meyssignac et al. (2012). 

Output variable: Mean sea level 

Data format: NetCDF 

Data frequency: Monthly 

Access: Public by contact 

 

CMIP historical simulations (mean sea level) 

Both the 5th and 6th phases of the Climate Model Intercomparison Project, i.e. (CMIP5) and 

(CMIP6), provide historical simulations of the thermosteric and ocean dynamic sea-level components 

of the global mean sea level (GMSL). In other words, atmospheric general circulation models (AGCMs) 

are coupled with ocean general circulation models (OGCMs), simulating climate long historical periods 

and result in such components of the mean sea level for global and regional scales, associated with 

dynamic sea level and atmospheric loading. These components are used to compute the historical 

global and regional mean sea level changes by adding the contributions of other components due to 

land water storage, glaciers and ice-sheets from historical estimates. CMIP5 and CMIP6 historical 

simulations span the periods of (1850-2005) and (1850-2014), respectively, providing mean sea level 

hindcasts for long periods, see Table C.1. These datasets are provided at a yearly temporal resolution 

with a 1° x 1° spatial resolution. More details about the CMIP historical simulations are given in Miller 

et al., (2014; 2021). 
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Output variable: Mean sea level 

Data format: - 

Data frequency: Yearly 

Access: Public  

https://esgf-node.llnl.gov/projects/esgf-llnl/ 

 

PSMSL mean sea level reconstruction 

The Permanent Service for Mean Sea Level (PSMSL) provides a database of historical 

reconstruction of the global mean sea level for the period 1807-2010. About 1277 tide gauge records 

since 1807 have been used to provide an improved global sea level reconstruction and analyze the 

evolution of sea level trend and acceleration. In particular new data from the polar regions and remote 

islands were utilized to improve data coverage and extend the reconstruction to 2009. There is a good 

agreement between the rate of sea level rise (3.2 ± 0.4 mm·yr−1) calculated from satellite altimetry and 

the rate of 3.1 ± 0.6 mm·yr−1 from tide gauge based reconstruction for the overlapping time period 

(1993–2009). More details about this dataset can be found in Jevrejeva et al. (2014). 

Output variable: Global sea level 

Data format: txt 

Data frequency: Monthly 

Access: Public  

https://www.psmsl.org/products/reconstructions/jevrejevaetal2014.php 

 

Atlantic-European North West Shelf-Ocean Physics Reanalysis 

The ocean physics reanalysis for the North-West European Shelf is produced using an ocean 

assimilation model, with tides, at 7 km horizontal resolution from January 1993 onwards. The ocean 

model applied is NEMO (Madec et al., 2016), using the 3DVar NEMOVAR system to assimilate 

observations. These are surface temperature and vertical profiles of temperature and salinity. The 

model is forced by lateral boundary conditions taken from a global ocean analyses from GloSea5 

(MacLachlan et al., 2014) as well as lateral boundary conditions taken from the Baltic Sea physics 

reanalysis. The atmospheric forcing is given by the ERA5 atmospheric reanalysis (Hersbach et al., 

2020). Tidal forcing is included both on the open boundary conditions via a Flather radiation boundary 

condition (Flather, 1976) and through the inclusion of the equilibrium tide. The output variables available 

https://esgf-node.llnl.gov/projects/esgf-llnl/
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are temperature, salinity, horizontal currents, sea level, mixed layer depth, and bottom temperature. 

The product is updated biannually providing six-month extension of the time series. 

Output variable: Sea surface height  

Data format: NetCDF-4 

Data frequency: Hourly, daily and monthly means  

Access: Public 

https://doi.org/10.48670/moi-00059 

 

Atlantic-Iberian Biscay Irish-Ocean Physics Reanalysis 

 The IBI (Iberian Biscay Irish) Ocean Reanalysis system is based on the NEMO (v3.6) ocean 

general circulation model run at 1/12° horizontal resolution. Altimeter data, in situ temperature and 

salinity vertical profiles and satellite sea surface temperature are assimilated. This reanalysis provides 

3D monthly and daily ocean fields, as well as hourly mean values for some surface variables, since 

January 1993 onwards. The model has been forced with hourly atmospheric fields (10-m wind, surface 

pressure, 2-m temperature, relative humidity, precipitations, short-wave and long-wave radiative fluxes) 

provided by ERA5. Moreover, lateral open boundary data (temperature, salinity, velocities and sea 

level) are interpolated from a global physics reanalysis of the Copernicus Marine Environment 

Monitoring System (CMEMS). Monthly and daily averages of 3D temperature, salinity, sea bottom 

temperature, zonal and meridional velocity components and sea surface height are provided. 

Additionally, hourly means of surface fields for variables such as sea surface height, surface 

temperature and currents are also provided.  

Output variable: Sea surface height  

Data format: NetCDF-4 

Data frequency: Hourly, daily and monthly means  

Access: Public 

https://doi.org/10.48670/moi-00029 

 

Mediterranean Sea Physics Reanalysis 

The Mediterranean Sea physical reanalysis is generated by a numerical system that uses the 

hydrodynamic model, supplied by the Nucleous for European Modelling of the Ocean (NEMO) for the 

ocean modeling part and assimilates in-situ temperature and salinity profiles as well as satellite altimetry 

https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00029
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tracks with the OceanVar 3DVar scheme and is implemented in the Mediterranean Sea at 1/24° (~4.5 

km) over 141 vertical levels. The reanalysis system is forced by hourly ECMWF ERA5 atmospheric 

forcing fields and assimilates reprocessed data. This dataset is validated for the period 1987 to 2019. 

Output variable: Sea surface height  

Data format: NetCDF-4 

Data frequency: Hourly mean, daily man and monthly mean 

Access: Public 

https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E

3R1 

 

Baltic Sea Physics Reanalysis 

This Baltic Sea Physical Reanalysis product provides a physical reanalysis for the whole Baltic Sea 

area, including the transition area to the North Sea, from January 1993 and up to minus 1-1.5 year 

compared to real time. The product is produced by using the ice-ocean model NEMO-Nordic (based on 

NEMO-3.6) together with a data assimilation scheme. The meteorological forcing is from HIRLAM 

(High-Resolution Limited Area Model) with 22 km resolution, from project Euro4M (Dahlgren et al., 

2014) and covers the most of the reanalysis period, 1993-2011. From 2012 onwards, the meteorological 

forcing is from the UERRA reanalysis product (European Regional analysis) with 11km resolution (Ridal 

et al, 2017). The surface variables are available every hour and include sea surface height, ice 

concentration and total ice thickness. The other variables, available as daily and monthly means, are 

salinity, temperature, horizontal current components, mixed layer depth, bottom salinity and bottom 

temperature. The observation types used in the data assimilation are sea surface temperature and 

profiles of salinity and temperature. The reanalysis has been produced using 72-hour cycling, which 

implies that every 72 hours, all available observations are assimilated into the model before a 72-hour 

forecast is made. 

Output variable: Sea surface height  

Data format: NetCDF-4 

Data frequency: Hourly, daily and monthly means  

Access: Public 

https://doi.org/10.48670/moi-00013 

 

https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.48670/moi-00013
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Black Sea Physical Reanalysis 
The Black Sea physical reanalysis system provides monthly and daily ocean fields for the Black 

Sea basin starting from January 1993. These fields are temporal averages of 3D variables like 

temperature, salinity, zonal and meridional velocity components and 2D variables such as mixed layer 

depth, bottom temperature and sea surface height. The hydrodynamical core is based on NEMO 

general circulation ocean model (version 3.6) with horizontal resolution of 0.037° × 0.028° and 31 

vertical levels. NEMO is forced by atmospheric surface fluxes computed by bulk formulation using the 

ERA5 atmospheric fields at the resolution of 0.25° in space and 1-h in time. At surface, the model 

solution is relaxed to daily objective analyses of sea surface temperature provided by CMEMS. The 

model is online coupled to OceanVar assimilation scheme to assimilate sea level anomaly along-track 

observations from CMEMS and available in-situ vertical profiles of temperature and salinity from 

CMEMS datasets. 

Output variable: Sea surface height  

Data format: NetCDF-4 

Data frequency: Daily and monthly means  

Access: Public 

https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004 

 

Mediterranean Sea-Black Sea ENEA’s hindcast  

This is a high-resolution hindcast simulation of the Mediterranean Sea dynamics, spanning three 

decades (1980-2010), which has been performed at ENEA using the MED16 model. Med16 is a new, 

tide-including implementation of the MITgcm model, with a computational domain covering the whole 

Mediterranean Sea-Black Sea system, and the only open boundary lying just to the west of the Gibraltar 

Strait. The model has 100 vertical levels and horizontal grid spacing of 1/16°, which is smoothly reduced 

down to few hundred meters at the Gibraltar and Turkish Straits, to correctly resolve the complex local 

dynamics. The hindcast simulation has been forced with data derived from dynamically downscaled 

regional atmospheric fields produced by the Rossby Centre regional atmospheric model RCA4 

(Strandberg et al. 2014), at 0.11° resolution (i.e. approx. 12.5 km grid spacing), with boundary 

conditions provided by the ERA-Interim reanalysis. A detailed description of the model can be found in 

Sannino et al. (2022), together with a thorough validation making use of in situ and remote observations, 

which has shown that the model is capable of well reproducing the recent Mediterranean past climate.  

https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004
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Output variable: Sea surface height  

Data format: NetCDF-4 

Data frequency: Daily means  

Access: Public by contact 

3.2 Storm surge hindcasts 

Following a review of the available storm surge datasets along the European coasts, provided by 

different institutions and summarized in Table C.1 of annex (C) of this deliverable, the following open-

access datasets are described briefly. Five databases of storm surge hindcasts have been selected 

and are described in this section. They  have long temporal coverages with high spatial and temporal 

resolutions. 

GOS (Mediterranean-Southern Europe surge hindcast) 

The Mediterranean-Southern Europe surge hindcast of the GOS (General Ocean Surges) 

database, developed by IHCantbaria, was produced using the Regional Ocean Modelling System 

(ROMS, version 3.5, Shchepetkin and McWilliams, 2005). Two orthogonal grids with 0.08ºx0.06º spatial 

resolution were employed. The first grid includes both the Atlantic (including the Canary Islands) and 

the Mediterranean regions (from 19.9ºW to 37.33ºE and from 25 to 46.75ºN), whereas the other one 

covers the Mediterranean basin exclusively (from 9.83ºW to 36.42ºE and from 30.25º to 46.75ºN). 

ROMS model was forced by wind fields and sea level pressure data derived from the ERA5 atmospheric 

reanalysis. Furthermore, the boundaries of the grids were fed with sea level information estimated 

based on the inverse barometer approach (Chapman, 1985). The employed bathymetry has been 

extracted from EMODnet (2018) dataset (http://www.emodnet.eu/bathymetry), with a spatial resolution 

of about 115-240 m. The hindcast represents a historical reconstruction of the meteorological 

component of the sea level for more than 30 years, covering the (1985-2019) period with an hourly 

temporal resolution of the storm surge time series. 

Output variables: Storm surge 

Data format: NetCDF 

Data frequency: Hourly 

Access: Public by contact 

ihdata@ihcantabria.com 
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GOS-Europe and Black Sea hindcasts 
This GOS Europe hindcast database was developed by IHCantbaria covering the whole European 

domain.  The dataset provides hourly records of the meteorological component of the sea level (Storm 

surge). The selected model for obtaining storm surge levels is the (ROMS) model. The model was set-

up for Europe using an orthogonal grid, with a horizontal resolution of 0.114° × 0.064° extending from 

(31ºW to 43ºE and from 25 to 73ºN). The model was forced by wind stress and atmospheric pressure 

from the CFSR reanalysis (Saha et al, 2010; 2014). The inverted barometer effect was imposed at the 

open boundaries of the domain. The employed bathymetric data were extracted from ETOPO1 dataset 

(Amante and Eakins, 2009). Surge elevations were validated using in-situ measurements from tide 

gauges as well as altimetry data. A good agreement between modeled and measured data was found. 

Detailed information can be found in Cid et al. (2014). The dataset has a temporal coverage of 40 years,  

the historical 1979-2018 period.  

Another storm surge hindcast GOS-Black Sea was also produced for the Black Sea area. The 

same model (ROMS) was employed using data from the CFSR reanalysis. However, the model set-up 

for the Black Sea has a different horizontal resolution of 0.08° × 0.05° extending from (27ºE to 43ºE 

and from 40 to 48ºN). Additionally, the dataset covers the (1979-2014) period, providing hourly time 

series of storm surge in that area. 

Output variables: Storm surge  

Data format: NetCDF 

Data frequency: Hourly 

Access: Public by contact 

ihdata@ihcantabria.com 

 

Water level change time series for the European coast  

This dataset provides time series of storm surge, tidal elevation and the total water level along the 

European coast. It has been generated using the Global Tide and Surge Model v3.0 (GTSMv3.0) which 

is a depth-averaged hydrodynamic model with global coverage that dynamically simulates tides and 

storm surges. The GTSMv3.0 uses the unstructured Delft3D Flexible Mesh software (Kernkamp et al. 

2011) and as such employs a smart distribution of resolution, which leads high accuracy at relatively 

low computational costs. The resolution increases from the deep ocean toward the coast. For coastal 

grids, a spatial resolution of 0.10° was used. However, the ocean grid points have the following 
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resolutions: 0.25°, 0.5°, and 1° within 100 km, 500 km, and >500 km of the coastline, respectively. The 

bathymetry used consists of a combination of EMODnet high-resolution (250m) bathymetry for Europe 

and the General Bathymetric Chart of the Ocean 2014 (GEBCO, 2014, https://www.gebco.net/) with a 

30 arc seconds resolution. 

The model lacks open boundaries and therefore is purely forced by the tide-generating forces and 

external forcing fields (e.g. winds, surface pressure), making the model independent of external open 

boundary conditions. Tides are induced by including tide generating forces using a set of 60 

frequencies. The relation of Charnock (1955) was used, with a drag coefficient of 0.0041, to estimate 

the wind stress at the ocean surface. The model has been forced by atmospheric data from the ERA5 

atmospheric reanalysis, providing 10-min time series of storm surge, tidal elevation and total water level 

with a spatial resolution of 10 km along the European coast, for the period of (1979-2017). More details 

can be found in Muis et al. (2020).  

Output variables: Storm surge + tidal elevation + total water level 

Data format: NetCDF 

Data frequency: 10 min 

Access: Public  

Climate Data Store (CDS) of the Copernicus Climate Change Service 

(C3S) at the following url: https://cds.climate.copernicus.eu/ 

 

ANYEU-SSL 

This dataset presents a high-resolution Pan-European storm surge (SS) dataset, ANYEU-SSL. It 

has been produced with the SCHISM circulation model (Semi-implicit Cross-scale Hydroscience 

Integrated System Model), which is based upon the original SELFE code v3.1dc (Zhang and Baptista, 

2008). The model solves the full Navier-Stokes equations for an unstructured mesh with triangular 

elements and varying resolution ranging from ~70 km on the far coast of Greenland to 10 km in 

European shallow coastal areas. The SCHISM model was used in its 2D barotropic mode and was 

forced by the meteorological fields (10 m wind speed and sea level pressure) based on ERA-Interim 

re-analysis (Dee et al., 2011) from the (ECMWF), with 0.75° × 0.75° horizontal resolution and 6 h 

temporal resolution. The wind surface stress was computed using a bulk formula with the drag 

coefficient calculated according to Pond and Pickard (2013). The bed shear stress was computed using 

the Manning approach, assuming a value of 0.02 for the Manning friction coefficient. The bathymetry 
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dataset was obtained from the European Marine Observation and Data Network (EMODnet) in angular 

coordinates at a resolution of 1/8 arc-minute (0.0021° of latitude and longitude). The dataset covers 40 

years (1979–2018) of SS data along the European coastline with 3-hour temporal resolution and has 

been extensively validated for the period spanning from 1979 to 2016 against tide gauges as well as 

satellite altimetry data. More details can be found in Fernandez-Montblanc et al., (2020). 

Output variables: Storm surge  

Data format: - 

Data frequency: 3-hours 

Access: Available on request  

UNIFE (Universitá degli Studi di Ferrara) & European Commission 

 

European Extreme Storm Surge hindcast 

This dataset represents a storm surge hindcast covering the whole European coasts. This dataset 

was produced using the hydrodynamic model Delft3D-FLOW with a configuration covering Europe and 

a large extent of the North Atlantic (spanning from 40°W to 47°E and from 26°N to 73°N) with a spatial 

resolution of 0.2° in both directions. Delft3D-FLOW model was forced with atmospheric forcing from the 

ERA-Interim re-analysis. The dataset spans from 1979-2014 and the resulting storm surge values were 

validated against water level time series available from the JRC Sea Level Database 

(https://webcritech.jrc.ec.europa.eu/SeaLevelsDb). Accordingly, 3-hour time series of storm surge level 

was provided each 25 km along the European coastline. For more details, see Vousdoukas et al. (2016). 

Output variables: storm surge levels 

Data format: NetCDF 

Data frequency: 3-Hours 

Access: Public  

http://data.jrc.ec.europa.eu/collection/LISCOAST 

https://data.jrc.ec.europa.eu/dataset/a25677b7-2296-4eeb-82f2-

70c78690ae10 

 

 

http://data.jrc.ec.europa.eu/collection/LISCOAST
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3.3 Wave hindcasts 

Based on the review of the available wave datasets along the European coasts, more than 20 

historical wave hindcasts were collected and reviewed with more information summarized in Table C.2 

of annex (C). The following 8 selected open-access databases are described briefly. The selected wave 

hindcasts have high spatial resolutions and long temporal coverages longer than 25 years of wave data. 

GOW2 

The GOW2 (Global Ocean Waves 2) dataset, developed by IHCantabria, provides hourly time 

series of sea state parameters produced by the numerical model WAVEWATCH III (WW3) version 4.18 

(Tolman, 2014). WW3 is a third-generation wave model developed at NOAA-NCEP, that solves the 

spectral action density balance equation for wave number-direction spectra. The model can be applied 

to large spatial scales and outside the surf zone. Parameterizations of physical processes include wave 

growth and decay due to the actions of wind, nonlinear interactions, dissipation due to white-capping 

and bottom friction. Wave interactions with currents were not considered in the GOW2 hindcast. The 

wind fields used to force the model come from the global re-analysis CFSR. The bathymetric data used 

in the wave hindcast originates from ETOPO1 dataset and the coastline is extracted from the GSHHS 

Database (Wessel and Smith, 1996). The model was run with multi-grids in a two-way nesting approach 

using a global grid with a resolution of 0.5° x 0.5° and two regional grids with higher resolutions. One 

of the two regional grids covers the Arctic and Antarctic areas (0.25° latitude×0.5° longitude) and the 

other one covers the continental coastal areas and ocean islands globally (0.25°×0.25°). GOW2 

represents a historical reconstruction of wind-generated waves starting from 1979 onwards, thus it is 

temporally long enough allowing a statistical characterization of wave climate. The wave hindcast 

provides several sea state bulk parameters stored at hourly resolution from 1979 onwards. Additionally, 

series of 3-h frequency-direction wave spectra were stored at more than 40000 locations along the 

world coastlines with a spacing of 0.25°. More details can be found in Perez et al. (2017). 

Output variables: Significant wave height, mean wave periods, peak frequency, mean wave 

direction, directional spreading, directional spectra 

Data format: NetCDF 

Data frequency: Hourly (bulk parameters) and (3-h) for directional spectra 

Access: Public by contact (ihdata@ihcantabria.com) 
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GOW-ERA5 

The GOW-ERA5 wave hindcast, developed by IHCantbaria, was produced using the spectral wave 

model WAVEWATCH III. The model is implemented using multi-grids in a two-way nesting approach 

for both the Atlantic-Iberia and the Mediterranean-Iberia domains. Four grids are employed for the 

Atlantic domain. The first one is a near global grid (from 85ºS to 88ºN latitudes) at 1ºx1º spatial 

resolution, (2) a regional Atlantic grid from 35ºW to 9ºE and from 23º to 61ºN, at 0.5ºx0.5º horizontal 

resolution and (3) a 0.1ºx0.1º nearshore grid throughout the Spanish Atlantic continental shelf covering 

the Canary Islands. The fourth grid with 1ºx1º spatial resolution covers the Arctic, from 75º to 88ºN. It 

was defined in order to constrain this particular region with shorter time steps requirements and, 

consequently, to increase the model efficiency. Moreover, the Mediterranean-Iberian domain employed 

a grid with a spatial resolution of 0.25ºx0.25º covering the Western Mediterranean Sea extending from 

(14ºW to 17.5ºE and from 32.5º to 46.5ºN) together with a higher resolution grid (0.0833º x 0.0833º) 

throughout the Spanish continental shelf. The model has been forced with ERA5 wind fields. The 

employed bathymetry is derived from Earth2014 with a spatial resolution of ~1.8 km (Hirt and Rexer, 

2015) and the coastline is extracted from the GSHHS Database. The hindcast represents a historical 

database of wind-generated waves for more than 30 years, covering the (1985-2021) period. This 

dataset outcomes hourly time series of the significant wave height, mean wave period, peak frequency, 

mean wave direction and mean directional spread for all the grid points of the computational domain.   

Output variables: Significant wave height, mean wave periods, peak frequency, mean wave 

direction, directional spreading 

Data format: NetCDF-4 

Data frequency: Hourly 

Access: Public by contact 

ihdata@ihcantabria.com 

Mediterranean Sea Waves Reanalysis 

Mediterranean Sea Waves Reanalysis is the multi-year wave product of the Mediterranean Sea 

Waves forecasting system (Med-waves). It contains a Reanalysis dataset and an Interim dataset which 

covers the period after the reanalysis until 1 month before present. The Reanalysis dataset is a multi-

year wave reanalysis starting from January, 1993 (onwards) composed by hourly wave parameters at 

1/24° horizontal resolution, covering the Mediterranean Sea and extending up to 18.125W into the 

Atlantic Ocean. The Med-waves modelling system is based on wave model WAM 4.6.2 and has been 
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developed as a nested sequence of two computational grids (coarse and fine) to ensure that swell 

propagating from the North Atlantic (NA) towards the strait of Gibraltar is correctly entering the 

Mediterranean Sea. The coarse grid covers the North Atlantic Ocean from 75°W to 10°E and from 70° 

N to 10° S in 1/6° resolution while the nested fine grid covers the Mediterranean Sea from 18.125° W 

to 36.2917° E and from 30.1875° N to 45.9792° N with a 1/24° resolution. The modelling system 

resolves the prognostic part of the wave spectrum with 24 directional and 32 logarithmically distributed 

frequency bins. The wave system also includes an optimal interpolation assimilation scheme 

assimilating significant wave height along track satellite observations available through CMEMS and it 

is forced with daily averaged currents from Med-Physics and with 1-h, 0.25° horizontal-resolution ERA5 

reanalysis 10 m-above-sea-surface winds from ECMWF. 

Output variables: Significant wave height, mean wave periods, peak wave period, mean 

wave direction, partition significant wave height, mean wave period and 

mean wave direction for (wind sea+ main swell + secondary swell) 

Data format: NetCDF-4 

Data frequency: Hourly 

Access: Public 

https://doi.org/10.25423/cmcc/medsea_multiyear_wav_006_012 

Baltic Sea Wave Hindcast 

This Baltic Sea wave model hindcast product provides a hindcast for the wave conditions in the 

Baltic Sea since January, 1993 and up to 0.5-1 year compared to real time. This hindcast product 

consists of a dataset with hourly data for significant wave height, wave period and wave direction for 

total sea, wind sea and swell, and also Stokes drift. The product is based on the wave model WAM 

cycle 4.6.2, and surface forcing from ECMWF's ERA5 reanalysis products. The product grid has a 

horizontal resolution of 2 km in both directions. The area covers the Baltic Sea including the transition 

area towards the North Sea.  

Output variables: Significant wave height, mean wave periods, peak wave period, mean 

wave direction, partition significant wave height, mean wave period and 

mean wave direction for (wind sea+ main swell + secondary swell) 

Data format: NetCDF-4 

Data frequency: Hourly 

Access: Public (https://doi.org/10.48670/moi-00014) 

https://doi.org/10.25423/cmcc/medsea_multiyear_wav_006_012
https://doi.org/10.48670/moi-00014
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Atlantic-Iberian Biscay Irish-Ocean Wave Reanalysis 
The Atlantic-Iberian Biscay Irish-Ocean Wave Reanalysis provides a Multi-Year (MY) high-

resolution wave reanalysis product for the IBI (Iberian Biscay Irish) area since January, 1993. The model 

system was run by the Spanish Meteorological Agency in the AEMET supercomputer (NIMBUS). The 

MY model set-up is as much analogous as possible to the model set-up used in the IBI-MFC Near-

Real-Time (NRT) forecast system. The model application is based on the MFWAM model developed 

by Météo-France (MF), with the same grid of 0.05° of horizontal resolution. Both, the MY and the NRT 

products, are fed by the ERA 5 reanalysis wind data from ECMWF. As boundary conditions, the NRT 

system uses the 2D wave spectra from the CMEMS GLOBAL forecast system, whereas the MY system 

is nested to the CMEMS GLOBAL reanalysis. 

Output variables: Significant wave height, mean wave periods, peak wave period, mean 

wave direction, partition significant wave height, mean wave period and 

mean wave direction for (wind sea+ main swell + secondary swell) 

Data format: NetCDF-4 

Data frequency: Hourly 

Access: Public (https://doi.org/10.48670/moi-00030) 

 

Atlantic-European North West Shelf-Wave Physics Analysis 

The Atlantic-European North West Shelf-Wave Physics Analysis represents a long wave hindcast 

for the North-West European Shelf region provided at approximately 1.5 km resolution and covering 

the period from 1980 onwards with 3-hourly temporal resolution. This dataset is generated employing 

the WAVEWATCH III model forced with ERA 5 wind fields from ECMWF and using lateral boundary 

conditions from a global wave hindcast.  

Output variables: Significant wave height, mean wave periods, peak wave period, mean 

wave direction, partition significant wave height, mean wave period and 

mean wave direction for (wind sea+ main swell + secondary swell) 

Data format: NetCDF-4 

Data frequency: 3-hours 

Access: Public 

https://doi.org/10.48670/moi-00060 

https://doi.org/10.48670/moi-00030
https://doi.org/10.48670/moi-00060
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Black Sea Waves Reanalysis 

This product represents a wave hindcast of the Black Sea, composed by hourly wave parameters 

at 1/36° x 1/27° horizontal resolution. The third-generation spectral wave model WAM Cycle 6 is used. 

The Black Sea waves modelling system resolves the prognostic part of the wave spectrum with 24 

directional and 30 logarithmically distributed frequency bins in a shallow water version. The model takes 

into account depth refraction and wave breaking. Significant wave heights and wind speeds are 

assimilated using Jason satellite data. The system is forced by wind fields obtained from the ERA5 re-

analyses. The hindcast covers the period from January 1979 onwards with one-hourly outputs of 

standard sea state parameters. 

Output variables: Significant wave height, mean wave periods, peak wave period, mean 

wave direction, partition significant wave height, mean wave period and 

mean wave direction for (wind sea+ main swell + secondary swell) 

Data format: NetCDF-4 

Data frequency: Hourly 

Access: Public 

https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_WAV_007_006 

 

Mediterranean Sea wave ENEA’s hindcast (1980-2015) 

This is a high-resolution (1/32°) wave hindcast for the Mediterranean Sea performed at ENEA using 

the WAVEWATCHIII model. The hindcast covers the 1980-2015 period, and makes use of atmospheric 

forcing derived from an in-house dynamical downscaling of the ERA-Interim reanalysis performed with 

the WRF model (Skamarock et al., 2019). Sea state parameters are provided at a 3-h temporal 

resolution.  

Output variable:  Significant wave height, mean wave periods, peak wave frequency, mean 

wave direction 

Data format: NetCDF-4 

Data frequency: 3h  

Access: Public by contact 

 

 

 

https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_WAV_007_006
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4. Future Projections of Climate Datasets 

This chapter addresses the descriptions of some specific climate projection datasets under future 

climate change scenarios. Similarly, to the previous chapter, the databases provided by the project 

partners and those available from open platforms for mean sea level, storm surge and waves, 

summarized in annex (D) of this deliverable, have been reviewed. More than fifteen datasets of sea 

level and storm surge projections are listed in Table D.1. Moreover,12 datasets of projected wave data 

are listed in Table D.2. This chapter includes a subset of the  climate projection datasets in annex D 

available without any constraints or restricted access and spatially focused around the European coast.  

4.1 Sea level projections 

Variations of the mean sea level (MSL) represent clear consequences of climate change that 

significantly influence coastal zones and communities all over the world. Global mean sea-level (GMSL) 

variations are driven by ocean global warming and the transfer of water mass from the cryosphere, i.e. 

glaciers and ice sheets of Greenland and Antarctica, and land to the ocean. Departures from the global 

mean sea level are substantial at regional scales and essentially result from changes in ocean 

circulation (e.g. due to wind stress) and the associated ocean heat, salt and mass regional distribution 

(Melet et al., 2018). Moreover, other processed that affect regional sea-level (RSL) variations include 

glacial isostatic adjustment (GIA), earth’s gravitational, rotational and deformational effects (GRD) and 

vertical land motion (VLM) due to the redistribution of mass between land and the ocean (Slangen et 

al., 2017; Melet et al., 2018).  

Within its fifth and sixth assessment reports, the Intergovernmental Panel on Climate Change 

(IPCC) has summarized and listed the main contributors and drivers of projected global and regional 

sea level change as the thermal expansion, land water usage, glaciers, ice sheets, ocean dynamic sea 

level and (GIA) that causes vertical ground motions. Brief descriptions of the mean sea level projections, 

developed within the framework of the fifth and sixth assessment reports of the (IPCC), are given below: 

IPCC-AR5 and SROCC 

The fifth Assessment Report AR5 of the IPCC generated global mean sea level (GMSL) projections 

for the Representative Concentration Pathways (RCPs) by combining information from CMIP5 climate 

models with glacier and ice-sheet surface mass balance models and assessments of projected ice-
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sheet dynamic and land-water storage contributions (Church et al., 2013). The SROCC report updated 

the AR5 projections based upon a revised assessment of the Antarctic ice sheet contribution to GMSL 

rise (Oppenheimer et al., 2019). The dataset generated of the AR5 provides information regarding 

changes of the mean sea level under the scenarios RCP 2.6, 4.5, 6.0 and 8.5. The spatial resolution is 

1⁰x1⁰ at a global scale from 2007 until 2100 at yearly resolution. The AR5 and the SROCC employed a 

baseline period of 1986 to 2005, which is updated in the recently updated report AR6 to a baseline 

period of 1995 to 2014. Between these two periods, GMSL rose by 3 cm and this correction is applied 

to projections from previous reports to allow comparison. Accounting for this shift, the conclusion of the 

SROCC is that, with medium confidence, GMSL will rise between 0.40 m (0.26–0.56 m, likely range) 

(RCP 2.6) and 0.81 m (0.58–1.07 m, likely range) (RCP 8.5) by 2100 relative to 1995-2014. The AR5 

and the SROCC projections of GMSL for the 2007-2018 period have been shown to be consistent with 

the observed trends in GMSL and regional weighted mean tide gauges. RCP-based projections 

published since the AR5 show high agreement for 2050, but exhibit broad ranges and low agreement 

for 2100, particularly under RCP 8.5.  

Output 

variables: 

Mean sea level  

Data format: NetCDF, GeoTIFF and txt 

Access: Public  

ftp://ftp-icdc.cen.uni-hamburg.de/ar5_sea_level_rise/ 

https://icdc.cen.uni-hamburg.de/1/daten/ocean/ar5-slr.html 

A service delivering SROCC data: https://sealevelrise.brgm.fr/sea-

level-scenarios/ 

AR5 projections display biases close to the coast and in semi-enclosed basins due to the reduced 

number of models available (Thiéblemont et al., 2019). Data correcting these biases are available:  

Output variables: Mean sea level  

Data format: NetCDF and GeoTIFF 

Access: Public  

https://doi.org/10.3390/w11122607  

Web map service: https://sealevelrise.brgm.fr/sea-level-scenarios 

 

ftp://ftp-icdc.cen.uni-hamburg.de/ar5_sea_level_rise/
https://icdc.cen.uni-hamburg.de/1/daten/ocean/ar5-slr.html
https://sealevelrise.brgm.fr/sea-level-scenarios/
https://sealevelrise.brgm.fr/sea-level-scenarios/
https://doi.org/10.3390/w11122607
https://sealevelrise.brgm.fr/sea-level-scenarios
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IPCC-AR6 

Recently, the sixth Assessment Report AR6 of the (IPCC) considered a set of five new illustrative 

emissions scenarios to explore the climate response to a broader range of greenhouse gas (GHG), 

land use and air pollutant futures than assessed in AR5. These scenarios, known as Shared 

Socioeconomic Pathways (SSPs), start in 2015, and include scenarios with very low, low, intermediate, 

high and very high GHG emissions for SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5, 

respectively. AR6 uses updated simulations of the CMIP6 ensemble climate models to produce updated 

global (GMSL) and regional mean sea level (RMSL) projections till 2150 (medium confidence) and till 

2300 with low confidence for the different scenarios. The CMIP6 models considered in the AR6 have a 

wider range of climate sensitivity than in CMIP5 models and the AR6 assessed very likely range, which 

is based on multiple lines of evidence. These CMIP6 models also show a higher average climate 

sensitivity than CMIP5. The higher CMIP6 climate sensitivity values compared to CMIP5 can be traced 

to an amplifying cloud feedback that is larger in CMIP6 by about 20% (AR6). The sea level projections 

are provided at a global spatial resolution of 1⁰x1⁰ with decadal time resolution. More details are found 

in the chapter 9 of the IPCC-AR6 (2021), including the differences between AR5- SROCC and AR6 for 

the different methods used to project the drivers of GMSL and RSL. Table (4.1) summarizes the updated 

(GMSL) for the new set of (SSPs) relative to the baseline period of 1995-2014 (AR6, 2021). 

Output variables: Mean sea level  

Data format: NetCDF  

Access: Public  

https://podaac.jpl.nasa.gov/announcements/2021-08-09-Sea-level-

projections-from-the-IPCC-6th-Assessment-Report. 

 

 

 

 

 

 

https://podaac.jpl.nasa.gov/announcements/2021-08-09-Sea-level-projections-from-the-IPCC-6th-Assessment-Report
https://podaac.jpl.nasa.gov/announcements/2021-08-09-Sea-level-projections-from-the-IPCC-6th-Assessment-Report
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Table 4.1: Updated (GMSL) for the new set of (SSPs) relative to the baseline period of 1995-2014, in 

meters. Median values for likely ranges are given (between parentheses), AR6 (2021). 

Year SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5 

2030 0.09 (0.08-0.12) 0.09 (0.08-0.12) 0.09 (0.08-0.12) 0.10 (0.08-0.12) 0.10 (0.09-0.12) 

2050 0.18(0.15-0.23) 0.19 (0.16-0.25) 0.21 (0.18-0.26) 0.22 (0.19-0.28) 0.23 (0.20-0.30) 

2090 0.35(0.26-0.49) 0.39 (0.30-0.54) 0.48 (0.38-0.65) 0.56 (0.46-0.74) 0.64 (0.52-0.83) 

2100 0.38(0.28-0.55) 0.44 (0.33-0.61) 0.56 (0.44-0.76) 0.68 (0.55-0.90) 0.77 (0.63-1.02) 

2150 0.57 (0.37-0.85) 0.69 (0.46-1.00) 0.93 (0.67-1.33) 1.21 (0.92-1.67) 1.35 (1.02-1.89) 

It is worth highlighting that the projections of the different contributors/drivers of GMSL and RSL, 

vary in terms of the confidence level. For instance, and as noted by the SROCC, the largest differences 

between projections of GMSL in 2100 are due to the ice sheet projection method which generally fall 

into one of three categories: (1) projections from ice sheet models that represent processes in which 

there is at least medium confidence (2) projections from an Antarctic ice-sheet model that incorporates 

the Marine Ice Cliff Instability (MICI) or (3) projections based on structured expert judgement (SEJ). 

Low confidence is ascribed to ice sheet projections based on SEJ or incorporating MICI (Fox-Kemper 

et al., 2021). The three projection methods are included and used in the AR6 that are different from 

methods employed in the AR5 and SROCC.  

As mentioned before, there are other differences regarding the projection methods of the drivers 

of GMSL and RSL, e.g. the usage of ensembles of climate models of the CMIP5 and CMIP6 for AR5-

SROCC and AR6, respectively, for projecting thermal expansion and ocean dynamic sea level. 

Additionally, regarding the projection methods of the GIA and VLM, the AR5 and SROCC used GIA 

contributions to relative sea-level change calculated using a sea-level equation solver with an ice-sheet 

history taken as the mean of the ICE5G (Peltier et al., 2015) and ANU (Lambeck et al., 2014) ice sheet 

models. In other words, only the component of VLM associated with GIA was used in the AR5 and 

SROCC. On the other hand, the AR6 used a constant long-term background rate of change (including 

both GIA and other long-term drivers of VLM) estimated from historical tide gauge trends (Kopp et al., 

2014). This means that the updated projections, of AR6, extrapolated the field of long-term background 

rates of RSL change, including long-term VLM derived from tide gauges, to global coverage using a 

spatiotemporal statistical approach (Kopp et al., 2014), assuming that the combined GIA and long-term 

VLM is constant over the projected period and scenario independent. There is therefore, low to medium 
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confidence in the GIA and VLM projections used in AR6 (Fox-Kemper et al., 2021). More information 

regarding the observations and projections of the VLM is provided in annex E. As previously mentioned, 

in section 2.3, the estimation of VLM is crucial for computing the relative sea level rise and also the total 

water level that drives coastal flooding and erosion models.   

In summary, uncertainties due to low confidence in the projection methods of some drivers of the 

mean sea level variations and projections should be taken into account when using projected GMSL 

and RSL estimates. 

 

4.2 Water level and storm surge projections 

Water level change time series for the European coast from 1977 to 2100 

derived from climate projections 

This dataset presents water level time series resulting from tides, surges and sea level rise 

computed for a European-wide domain. The dataset provides an understanding of European coastal 

hydrodynamics under the impact of climate change (e.g. sea level rise) and can be used to provide 

added value to various coastal sectors and studies such as coastal flooding, coastal erosion, harbors 

and ports. To compute these time series, the hydrodynamic Global Tide and Surge Model (GTSM) 

version 3.0 is used together with regional climate forcing and sea level rise initial conditions. The 

regional climate forcing employed is the HIRHAM5 model from the Danish Meteorological Institute 

(DMI), a member of the EURO-CORDEX climate model ensemble, which is downscaled from the global 

climate model (GCM) EC-EARTH developed within the Climate Model Intercomparion 5th Phase 

(CMIP5) initiative (Taylor et al., 2012). The DMI-HIRHAM5 dataset had three hourly fields, with a spatial 

resolution of 0.11° x 0.11° (~12.5 km). By using a regional climate model and a high-resolution forcing 

field, GTSM is able to produce a more consistent and high quality dataset.  

In order to assess the impact of climate change, the GTSM model was run for two climate change 

scenarios, (RCPs) 4.5 and 8.5, corresponding to a radiative forcing of 4.5 and 8.5 W/m2 by the year 

2100, respectively (Moss et al., 2010). RCP8.5 was considered for the mid-century (i.e., 2041–2070), 

while RCP4.5 was considered for the end of the century (i.e., 2071–2100). In order to obtain a baseline 

simulation that would enable computing the changes, the historical period 1976–2005 was also 
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simulated, using the same climate models. The GTSM was run with a resolution that increases from 

the deep ocean toward the coast. For coastal grids, a spatial resolution of 0.10° was used. However, 

the ocean grid points have the following resolutions: 0.25°, 0.5°, and 1° within 100 km, 500 km, and 

>500 km of the coastline, respectively. Accordingly, projected data of mean sea level, total water level, 

tidal elevation and storm surges are provided at 10-min temporal resolution. It should be taken into 

consideration that the projections of these climate scenarios are based on a single combination of the 

regional and global climate models, and there is an inevitable underestimation of the uncertainty 

associated with this dataset.  

Output variables: Storm surge, tidal elevation, total water level and mean sea level 

Data format: NetCDF-4 

Data frequency: 10 min 

Access: Public  

Climate Data Store (CDS) of the Copernicus Climate Change Service 

(C3S) at the following url: https://cds.climate.copernicus.eu/ 

GOS projections 

IHCantabria developed a climate projection dataset of storm surges (GOS projections) covering 

the Atlantic and Mediterranean-Southern Europe domains. This dataset was produced using the 

(ROMS) model, version 3.5, for the baseline period 1985-2005 and two climate change scenarios 

(RCPs) 4.5 and 8.5 for short (2026-2045) and long-term (2081-2100) time slices. Two orthogonal grids 

with 0.08ºx0.06º spatial resolution were employed. The first grid includes both the Atlantic (including 

the Canary Islands) and the Mediterranean regions (from 19.9ºW to 37.33ºE and from 25 to 46.75ºN), 

whereas the other one covers the Mediterranean basin exclusively (from 9.83ºW to 36.42ºE and from 

30.25º to 46.75ºN). The ROMS model was forced by 6 global climate models (GCMs), developed within 

the (CMIP5) for the Atlantic domain. Climate data from 7 regional climate models (RCMs) that belong 

to EURO-CORDEX and MED-CORDEX was used to force the hydrodynamic model. The employed 

bathymetry has been extracted from EMODnet (2018), with a spatial resolution of 115-240 m. The 

dataset provides hourly time series outcomes with ~10km spatial resolution of projected storm surges. 

In order to compare the climate simulations, historical data for the baseline period (1985-2005) obtained 

from a storm surge hindcast was also employed, in which the hydrodynamic model was forced with 

atmospheric conditions of the ERA5 reanalysis. The Empirical Quantile Mapping (EQM) method was 

applied for the bias correction of the projected storm surge data. 
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Output variables: Storm surge 

Data format: NetCDF 

Data frequency: Hourly 

Access: Public by contact 

ihdata@ihcantabria.com 

European Extreme Storm Surge Level 

This dataset represents a climate projected database of extreme storm surge level along the 

European coast. The data was produced using the hydrodynamic model Delft3D-FLOW with a 

configuration covering Europe and a large extent of the North Atlantic (spanning from 40°W to 47°E 

and from 26°N to 73°N) with a spatial resolution of 0.2° in both directions. Delft3D-FLOW model was 

forced with the 6-hour outputs of 8 global climate models GCMs of the (CMIP5). Moreover, it was run 

for two climate change scenarios (RCPs) 4.5 and 8.5 for two time-slices (2010-2040) and (2070-2100). 

The period 1970–2000 was considered as baseline period, while (2010–2040) and (2070–2100) were 

considered as the short and long term future, respectively. The hydrodynamic model was used to 

simulate storm surges during the baseline period, being forced with atmospheric forcing from the ERA-

Interim re-analysis. Bias correction was applied to validate the projected data. Accordingly, 3-hour time 

series of extreme storm surge level was provided each 25 km along the European coastline. More 

details can be found in Vousdoukas et al. (2016). 

Output variables: Extreme storm surge levels 

Data format: NetCDF 

Data frequency: 3-Hours 

Access: Public  

http://data.jrc.ec.europa.eu/collection/LISCOAST 

https://data.jrc.ec.europa.eu/dataset/a25677b7-2296-4eeb-82f2-

70c78690ae10 

European extreme sea level projections 

This dataset represents a climate projected database of extreme sea level (ESL) along the 

European coast, combining dynamic simulations of all the major components of ESL. ESLs were driven 

by the combined effect of MSL, tides and water level fluctuations due to waves and storm surges. The 

dataset is covering the European coastlines considering two climate change scenarios RCPs 4.5 and 

http://data.jrc.ec.europa.eu/collection/LISCOAST
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8.5 until the end of the 21st century. Global projected relative sea level rise (RSLR) were obtained from 

Hinkel et al. (2014), whereas projected tidal elevations were obtained from the TOPEX/POSEIDON 

Global Inverse Solution (Egbert and Erofeeva, 2002). Additionally, projections of waves and storm 

surges were based on hydrodynamic simulations with Delft3D-FLOW and WW3 driven by atmospheric 

forcing from six (CMIP5) climate models for both RCP trajectories. The historical runs for storm surges 

and waves covered the (1979-2014) and (1980-2014) periods, respectively, forcing both models with 

atmospheric forcing from the ERA-Interim re-analysis. Delft3D had a resolution of 0.20° for a 

configuration covering Europe and a large extent of the North Atlantic spanning from 40°W to 47°E and 

from 26°N to 73°N, (for more details, see Vousdoukas et al., 2016). Additionally, WW3 was run with 

spatial resolutions of 0.25° for Northern Europe as well as the Mediterranean Sea and 0.5° for South 

Western Europe nested from a 1.5° global grid. More details can be found in Vousdoukas et al. (2017). 

Output variables: Extreme sea levels 

Data format: NetCDF 

Data frequency: 8 return periods 

Access: Public  

http://data.jrc.ec.europa.eu/collection/LISCOAST 

 

Mediterranean Sea-Black Sea ENEA’s projections  

This is a high-resolution dataset of future climate projections of the sea surface height in the 

Mediterranean Sea-Black Sea system, under the RCP8.5 emission scenario. The dataset was 

developed by ENEA using the MED16 model with a configuration spanning from 5°W to 42°E and from 

30°N to 48°N with a spatial resolution of 1/16° in both directions. In order to produce the downscaled 

Mediterranean sea level field under present climate and the RCP8.5 future scenario, the MED16 model 

was forced using the correspondent regional downscaling experiments performed with the SMHI-RCA4 

atmospheric model (Strandberg et al. 2014), alternatively constrained by (a) the ERA-Interim reanalysis 

data for the hindcast simulation (1981–2010), (b) the HadGEM2-ES global model (Collins et al. 2011) 

for the historical simulation (1981–2005), and (c) the HadGEM2-ES RCP8.5, of the CMIP5, for the 

future scenario (2006–2100).  The hindcast simulation was used to assess the ability of the model to 

reproduce the past evolution of the basin circulation, whereas the historical simulation was sets as the 

reference baseline for the future scenario projections, see Sannino et al. (2022) for more details. 

Output variable: Sea surface height  

http://data.jrc.ec.europa.eu/collection/LISCOAST
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Data format: NetCDF-4 

Data frequency: Daily means  

Access: Public by contact 

 

4.3 Wave projections 

GOW projections 

GOW projections is a climate projection dataset of waves covering the Atlantic and Mediterranean-

Southern Europe domains. This dataset was developed by IHCantabria using the WAVEWATCH III 

model (WW3, version 4.18) that was run for two climate change scenarios (RCPs) 4.5 and 8.5 for short 

(2026-2045) and long-term (2081-2100). The wave model was implemented using multi-grids in a two-

way nesting approach for both the Atlantic and Mediterranean domain. For the Atlantic region, four grids 

are employed. The first one is a near global grid (from 85ºS to 88ºN latitudes) at 1ºx1º spatial resolution, 

(2) a regional Atlantic grid from 35ºW to 9ºE and from 23º to 61ºN, at 0.5ºx0.5º horizontal resolution and 

(3) a 0.1ºx0.1º nearshore grid throughout the Spanish Atlantic continental shelf covering the Canary 

Islands. The fourth grid with 1ºx1º spatial resolution covers the Arctic, from 75º to 88ºN. It was defined 

in order to constrain this particular region with shorter time steps requirements and, consequently, to 

increase the model efficiency. On the other hand, for the Mediterranean domain, a grid with a spatial 

resolution of 0.25ºx0.25º covering the Western Mediterranean Sea (from 14ºW to 17.5ºE and from 32.5º 

to 46.5ºN) together with a higher resolution grid (0.0833ºx0.0833º) throughout the Spanish continental 

shelf, are employed. The WW3 model was forced by 7 global climate models (GCMs), of the (CMIP5), 

only for the Atlantic domain. However, climate data from 8 regional climate models (RCMs) that belong 

to EURO-CORDEX and MED-CORDEX was used to force the wave model. The employed bathymetry 

has been extracted from EMODnet (2018), with a spatial resolution of 115-240 m. Hourly time series 

outcomes with ~10km spatial resolution of projected wave parameters were provided. In order to obtain 

a baseline simulation to compute changes, historical data for the period (1985-2005) obtained from a 

wave hindcast was also employed, in which the wave model was forced with wind fields from the ERA5 

reanalysis. The Empirical Quantile Mapping (EQM) method was applied for the bias correction of the 

projected wave data. 

Output variables: Significant wave height, mean wave period, peak wave period and  mean 

wave direction 
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Data format: NetCDF 

Data frequency: Hourly 

Access: Public by contact 

ihdata@ihcantabria.com 

 

Ocean surface wave time series for the European coast from 1976 to 2100 

derived from climate projections 

This dataset presents time series of the coastal wave climate based upon ocean surface wave 

parameters computed for a European-wide domain. The dataset provides wave climate projections for 

the Northwest European Shelf and Mediterranean Sea. The ocean surface wave fields are computed 

using the ECMWF's Wave Model, Stand Alone WAM (SAW) forced by surface wind and accounting for 

ice coverage in polar latitudes. The wave climate is defined by means of the integrated wave spectral 

parameters, such as the significant wave height and the peak wave period. In order to assess the impact 

of climate change on the ocean's surface wave field, the SAW model is run for two climate scenarios 

that correspond to an optimistic emission scenario where emissions start declining beyond 2040 

(RCP4.5) and a pessimistic scenario where emissions continue to rise throughout the century often 

called the business-as-usual scenario (RCP8.5). The wave model was run for both (RCP4.5) and 

(RCP8.5) for the future time slice 2041-2100. Climate wave simulations use wind forcing from a member 

of the EURO-CORDEX climate model ensemble-the HIRHAM5 regional climate model (RCM) 

downscaled from the global climate model (GCM) EC-EARTH developed within the (CMIP5) initiative. 

The HIRHAM5 dataset had three hourly fields, with a spatial resolution of 0.11° x 0.11° (~12.5 km). In 

order to obtain a baseline simulation that would enable the assessment of changes, the historical period 

1976–2005 was also simulated, using the same climate models. The dataset provides hourly time series 

of the wave parameters at a spatial resolution of 30 km for coastal grid points. It should be taken into 

consideration that the projections of these climate scenarios are based on a single combination of the 

regional and global climate models.  

Output variables: Significant wave height, mean wave period, peak wave period,  mean 

wave direction and wave spectral directional width 

Data format: NetCDF-4 

Data frequency: Hourly 
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Access: Public  

Climate Data Store (CDS) of the Copernicus Climate Change Service 

(C3S) at the following url: https://cds.climate.copernicus.eu/ 

 

Mediterranean Sea wave projection  

This is a high-resolution (1/16°) climate projection dataset of waves for the Mediterranean Sea 

performed at ENEA using the WAVEWATCH III model. The wave model was run for the RCP 8.5 

climate change scenario. The simulation covers two decadal time-slices (2041-2050; 2090-2099), and 

makes use of atmospheric forcing derived from a dynamical downscaling of the CMIP5 global model 

HadGEM2-ES made using the Rossby Centre regional atmospheric model RCA4. 

Output variable:  Significant wave height, mean wave periods, peak wave frequency and 

mean wave direction 

Data format: NetCDF-4 

Data frequency: 3h  

Access: Public by contact 

 

North Atlantic wave projection  

ENEA developed two climate projection datasets of waves for the North Atlantic region for the 

domain (spanning from 100°W- 0° and 25°N-60N°) using the WAVEWATCH-III model that was run for 

the RCP 8.5 climate change scenario. The datasets have a spatial resolution of 0.25° in both directions. 

The first dataset covers two future decadal time-slices (2036-2045; 2081-2099) with a baseline period 

(1996-2005), making use of atmospheric forcing derived from the CMIP5 global models HadGEM2-ES. 

On the other hand, the second one covered the future time-slices (2036-2045; 2091-2100) with a 

baseline period (1995-2004), and utilized atmospheric forcing derived from the global model ACCESS.  

Output variable:  Significant wave height, mean wave periods, peak wave frequency and 

mean wave direction 

Data format: NetCDF-4 

Data frequency: 3h  

Access: Public 
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DOI: 10.5281/zenodo.5540556, 10.5281/zenodo.5541095 (for the dataset 

that used HadGEM2-ES) 

DOI: 10.5281/zenodo.4979539, 10.5281/zenodo.5036070 (for the dataset 

that used ACCESS) 

 

It is worth noting that there are some datasets of regional wave projections collected by the 

Coordinated Ocean Wave Climate Project (COWCLIP) for different regions all over the world including 

some European regions. However, these datasets are not available for the project, i.e. they have a 

restricted data access. Global wave projections datasets, that have coarse spatial resolutions, are 

solely available through the COWCLIP catalog website: 

(http://thredds.aodn.org.au/thredds/catalog/CSIRO/Climatology/COWCLIP2/global/catalog.html). 

Accordingly, these projected datasets have not been selected to be detailed in this section. 

Furthermore, some of the regional datasets were developed employing data from climate models of the 

CMIP3, based on previous state of the climate models and future greenhouse gas scenarios.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://thredds.aodn.org.au/thredds/catalog/CSIRO/Climatology/COWCLIP2/global/catalog.html


 

 

 

 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No. 101003598 
 

 

 

61 

5.Knowledge gaps and uncertainties 

This section of the deliverable summarizes the knowledge gaps and uncertainties regarding the 

available datasets, based on the review of the historical and projected climate datasets. 

Although several historical and projected databases of mean sea level, storm sure and waves, are 

available, most of them are provided with spatial resolutions that are not sufficient for driving coastal 

flooding and erosion models. It should be taken into consideration that one of the objectives of the WP3 

of the CoCliCo project is the development of improved time series of storm surge and nearshore wave 

climate information at pan-European scale with a high resolution of 1km to be used for the calculation 

of the total water levels, required as boundary conditions for coastal erosion and flood models. 

Furthermore, all the available datasets have coarser spatial resolutions than the target one. Finally, 

many wave projections cover only sub-periods of the 21st century, which can be an issue for some 

erosion studies, which require continuous time series. Accordingly, there is a need for producing new 

hindcasts and projections with a resolution of 1 km, filling this gap. 

Moreover, most the projected climate datasets are produced employing output data from climate 

models of the (CMIP5), and not covering the whole European coastal margins. Additionally, some 

projected datasets are produced for climate scenarios based on a single combination of the regional 

and global climate models leading to an inevitable underestimation of the uncertainty associated of the 

climate simulations. Taking into account the improvements and better representation of physical, 

chemical and biological processes, as well as the higher resolution, of the CMIP6 models compared to 

climate models considered in previous IPCC assessment reports (prior to AR6), it is necessary to 

develop new climate projection databased of waves, storm surge and mean sea level, with high 

resolutions, employing CMIP6 climate models simulation outputs instead of their precedents (e.g. 

CMIP5). These datasets should cover the whole European coastline instead of covering a specific 

region. 

The following points summarize the gaps of the reviewed climate datasets, included in this report, 

for the European coastal areas: 

 Historical and projected datasets of waves and storm surges have coarse spatial 

resolutions larger than the target one (1 km). 

 The majority of the available climate projections datasets are carried out using outputs 

from the CMIP5 climate models (rarely employing CMIP6). 
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 There is a few available projected climate datasets for the Baltic and Black seas. 

 Many of the historical and projected datasets have restrictions regarding the data access. 

 A few wave projection datasets are available and accessible for the whole Mediterranean 

sea basin. 

 Projected storm surge and wave datasets are performed for only specific regions with a 

limited number of climate change scenarios. 

 Some datasets have an inevitable underestimation of the uncertainty due to the usage of 

a single combination of the regional and global climate models. 

 Many datasets do not cover the entire 21st century. 

 It is not straightforward for users which data to use. 

These points are barriers stakeholders face when they look for available datasets to make coastal 

management decisions, including uncertainty-related issues. 

 Moreover, this review has identified datasets that are already authoritative and should be 

considered in the Integrated Scenario design of CoCliCo such as:  

 The sea-level projections from the 6th assessment report of the IPCC.  

 The upcoming vertical ground motion observations from the Copernicus Ground Motion 

Service. 

Yet CoCliCo will need to develop new surge, waves and total water levels datasets in order to 

respond to its needs. At this stage of the project, our preliminary Integrated Scenarios are as follow:  

 Water levels at high tide, as required for port concerned with minimizing disruption of 

operations due to chronic flooding. 

 100-year return periods events, as required in many city-scale documents.  

Worst ever storm or black swan events, as required. 

 

It is worth highlighting that most climate databases of marine dynamics used in the Fast-Track of  

CoCliCo are based on the datasets provided by the LISCOAST collection 

(https://data.jrc.ec.europa.eu/collection/liscoast). This collection depends mainly on the simulation work 

of Vousdoukas et al. (2016; 2017) and Mentaschi et al. (2017) for extreme water levels including 

contributions from mean sea level, tides, storm surge and waves. Despite the fine quality of these 

datasets, however they are characterized with coarse spatial resolutions (larger than 20 km) along the 
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European coasts. Additionally, they neither make use of recent atmospheric re-analysis nor the climatic 

data of the CMIP6. Accordingly, there is a need for developing more advanced marine dynamics 

datasets, along the European coastal margins, than available in the Fast-Track. Such new dataset 

would have high spatial and temporal resolutions using the state-of-the-art climatic data, produced 

under the Full-Track of CoCliCo. 
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7.Annexes 

The first four annexes included in this deliverable are: 

Annex (A): Summary of in-situ measurement datasets  

Annex (B): Summary of remote-sensing datasets  

Annex (C): Summary of historical climate datasets  

Annex (D): Summary of projected climate datasets  

Throughout these annexes, the following symbols Hs, Tm, Tp and θm  refer to the significant wave 

height, the mean wave period, the spectral peak period and the mean direction of the waves, 

respectively. Additionally, the following terminologies, with their corresponding meanings, have been 

used: 

Dataset: The name of the climate database or the name of the in-situ measurement network. 

Start year: The first year of the available climate data. 

End year: The last year of the available climate data. 

Temporal resolution: Time interval at which the available climate data is provided. 

Spatial resolution: Spatial interval at which the available climate data is provided. 

Missions: Names of satellite missions providing observations for a specific dataset. 

Processing Level: Processing level of satellite altimetry data, whether it is L2P, L3 for a long-track 

data or L4 for gridded data, see section (2.2) 

Institution: Name of the authority/organization that owns/developed/host the climate dataset. 

Variables: Available marine dynamics parameters provided by the dataset and relevant for the 

purpose of this report. 

Forcing: Name of the atmospherics re-analysis used to generate the hindcast/reanalysis. 

Model: Name of the numerical model employed for the development of the climate dataset. 

Data access may be categorized into three types as follows: 
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Open: Data are freely available and could be directly downloaded from its source. 

Open by contact: Data could be accessed and downloaded with permission from its provider. 

Restricted: Data could be neither accessed nor downloaded. 
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Annex (A): Summary of in-situ measurement datasets  

Table (A.1) In-situ datasets (combined data) 

Network/dataset Variables Coverage domain Start 

year 

End year Temporal 

resolution 

Data type Institution 

 Longitude 

Interval 

Latitude 

Interval 

Mediterranean Sea- In-

Situ Near Real Time 

Observations 

 

Sea state parameters 

(Hs, Tm, θm) + sea 

surface height (SSH) 

[-5.5,36.5] [30,45.7] 2010 present variable Buoy records+ 

tidal gauges 

CMEMS 

https://doi.org/10.48670/moi-

00044 

Baltic Sea- In-Situ Near 

Real Time Observations 

 

Sea state parameters 

(Hs, Tm, θm) + sea 

surface height (SSH) 

[5,30] [54,66] 2010 present variable Buoy records+ 

tidal gauges 

CMEMS 

https://doi.org/10.48670/moi-

00032 

Black Sea- In-Situ Near 

Real Time Observations 

 

Sea state parameters 

(Hs, Tm, θm) + sea 

surface height (SSH) 

[27.42,41.9] [40.86,46.9] 2010 present variable Buoy records+ 

tidal gauges 

CMEMS 

https://doi.org/10.48670/moi-

00033 

 

Atlantic-Iberian Biscay 

Irish Ocean-In-Situ Near 

Real Time Observations 

Sea state parameters 

(Hs, Tm, θm) + sea 

surface height (SSH) 

[-30,0.05] [20,55] 2010 present variable Buoy records+ 

tidal gauges 

CMEMS 

https://doi.org/10.48670/moi-

00043 

Atlantic-European North 

West Shelf Ocean-In-

Situ Near Real Time 

Observations 

Sea state parameters 

(Hs, Tm, θm) + sea 

surface height (SSH) 

[-20,13] [48,62] 2010 present variable Buoy records+ 

tidal gauges 

CMEMS 

https://doi.org/10.48670/moi-

00045 

https://doi.org/10.48670/moi-00044
https://doi.org/10.48670/moi-00044
https://doi.org/10.48670/moi-00032
https://doi.org/10.48670/moi-00032
https://doi.org/10.48670/moi-00033
https://doi.org/10.48670/moi-00033
https://doi.org/10.48670/moi-00043
https://doi.org/10.48670/moi-00043
https://doi.org/10.48670/moi-00045
https://doi.org/10.48670/moi-00045
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Network/dataset Variables Coverage domain Start 

year 

End year Temporal 

resolution 

Data type Institution 

 Longitude 

Interval 

Latitude 

Interval 

Global Ocean-In-Situ 

Near Real Time 

Observations 

Sea state parameters 

(Hs, Tm, θm) + sea 

surface height (SSH) 

[-180,180] [-90,90] 2010 present variable Buoy records+ 

tidal gauges 

CMEMS 

https://doi.org/10.48670/moi-

00036 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.48670/moi-00036
https://doi.org/10.48670/moi-00036
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Table (A.2) Buoys (wave data) 

Network/dataset Variables Coverage domain Start 

year 

End year Temporal 

resolution 

Data type Institution 

 Longitude 

Interval 

Latitude 

Interval 

RedCos/RedExt Sea state 

parameters (Hs, 

Tm, θm) 

Spanish coastal and 

deep waters 

1990  present hourly Buoy 

records 

Spanish Port Authority 

https://www.puertos.es/es-es 

Portuguese buoys Wave parameters 

(Hs, Tm, θm) 

Portuguese waters - - hourly Buoy 

records 

Hydrographic Institute of Portugal 

https://www.hidrografico.pt/boias-

ondografo.php 

POSEIDON network Sea state 

parameters (Hs, 

Tm, θm) 

Greek waters (Aegean  

and Ionian Seas) 

2000  present 3h Buoy 

records 

Hellenic Centre for Marine Research, Greece 

https://poseidon.hcmr.gr/ 

RON Sea state 

parameters (Hs, 

Tm, θm) 

Italian waters (Adriatic, 

Tyrrhenian and Ionian 

Seas) 

1989 2014 30 min Buoy 

records 

ISPRA, Italy 

http://dati.isprambiente.it/dataset/ron-rete-

ondametrica-nazionale/ 

 

WaveNet monitoring 

Network 

Sea state 

parameters (Hs, 

Tm, θm) 

British waters 2002 present hourly Buoy 

records 

Cefas 

https://wavenet.cefas.co.uk/Map 

Irish Weather Buoy 

Network 

Wave parameters 

(Hs, Tm, θm) 

Irish waters 2001 present hourly Buoy 

records 

Irish Marine Institute 

https://www.marine.ie/Home/home 

 

 

https://www.puertos.es/es-es
https://www.hidrografico.pt/boias-ondografo.php
https://www.hidrografico.pt/boias-ondografo.php
https://poseidon.hcmr.gr/
http://dati.isprambiente.it/dataset/ron-rete-ondametrica-nazionale/
http://dati.isprambiente.it/dataset/ron-rete-ondametrica-nazionale/
https://wavenet.cefas.co.uk/Map
https://www.marine.ie/Home/home
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Network/dataset Variables Coverage domain Start 

year 

End year Temporal 

resolution 

Data type Institution 

 Longitude 

Interval 

Latitude 

Interval 

MARNET monitoring 

network 

Wave parameters 

(Hs, Tm, θm) 

North Sea and Baltic 

Sea 

 

- - hourly Buoy 

records 

German Federal Maritime and Hydrographic 

Agency (BSH) 

https://www.bsh.de/DE/Home/home_node.html 

Finnish buoys Wave parameters 

(Hs, Tm, θm) 

Baltic Sea 

 

1990 present hourly Buoy 

records 

Finnish Meteorological Institute 

https://en.ilmatieteenlaitos.fi/ 

Dutch buoys Wave parameters 

(Hs, Tm, θm) 

North Sea  1970 present hourly Buoy 

records 

Rijkswaterstaat Waterinfo 

https://waterinfo.rws.nl/#!/nav/index/ 

Meteo France Wave parameters 

(Hs, Ts) 

French Mediterranean 

zone + Bay of Biscay 

(deep waters) 

1990 present hourly Buoy 

records 

Meteo France 

http://esurfmar.meteo.fr/real-time/ 

 

CANDHIS 

 

Wave parameters 

(Hs, Tm, θm) + 

wave spectra 

French coastal waters - - hourly Buoy 

records 

National Center for Archiving Swell 

Measurements 

https://candhis.cerema.fr/ 

Flemish Banks 

Monitoring Network 

Wave parameters 

(Hs, Tm, θm) 

Flemish coast 1970 present hourly Buoy 

records 

National Center for Archiving Swell 

Measurements 

https://meetnetvlaamsebanken.be/ 

Global Ocean- 

Delayed Mode Wave 

Product 

Hs, Tm Global 1990 2020 variable Buoy 

records 

CMEMS 

https://doi.org/10.48670/moi-00042 

 

 

https://www.bsh.de/DE/Home/home_node.html
https://en.ilmatieteenlaitos.fi/
https://waterinfo.rws.nl/#!/nav/index/
http://esurfmar.meteo.fr/real-time/
https://candhis.cerema.fr/
https://meetnetvlaamsebanken.be/
https://doi.org/10.48670/moi-00042
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Table (A.3) Tidal gauges (water level data) 

Network/dataset Variables Coverage domain Start 

year 

End 

year 

Temporal 

resolution 

Data type Institution 

 Longitude 

Interval 

Latitude 

Interval 

PSMSL 

https://www.psmsl.org/ 

Sea level European  and North 

African waters 

- - Monthly, 

annual 

Tidal 

gauge 

records 

Permanent Service 

for Mean Sea Level 

UHSLC 

https://uhslc.soest.hawaii.edu/ 

Sea level Global - - Hourly, 

daily 

Tidal 

gauge 

records 

University of Hawaii 

Sea Level Center 

GLOSS 

https://gloss-sealevel.org/ 

 

Sea level Global - - Hourly, 

daily, 

monthly, 

annual 

Tidal 

gauge 

records 

JCOMM, WMO, IOC 

GESLA-2/3 

https://gesla787883612.wordpress.com/downloads/ 

 

Sea level Global - - hourly Tidal 

gauge 

records 

British 

Oceanographic Data 

Centre 

MISELA 

http://www.vliz.be/en/imis?dasid=6673&doiid=457 

Sea level Global 2004 2019 1 min Tidal 

gauge 

records 

Flanders Marine 

Institute 

EMODnet physics 

https://portal.emodnet-physics.eu/ 

https://products.emodnet-physics.eu/ 

Sea level European - - Hourly Tidal 

gauge 

records 

EC 

 

https://www.psmsl.org/
https://uhslc.soest.hawaii.edu/
https://gloss-sealevel.org/
https://gesla787883612.wordpress.com/downloads/
http://www.vliz.be/en/imis?dasid=6673&doiid=457
https://portal.emodnet-physics.eu/
https://products.emodnet-physics.eu/
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Annex (B): Summary of remote-sensing datasets  

Table (B.1) Wave altimeter data 

Dataset Variables Coverage domain Start 

year 

End year Spatial 

resolution 

Temporal 

resolution 

Processing 

Level 

Missions 

ESA SEA STATE CCI v1.1 

 

https://climate.esa.int/en/projects/s

ea-state/data/ 

 

Hs Global 

(mostly up to max 

81.5° latitude) 

8/1991 12/2018 7 km Irregular L2P ERS-1, ERS-2, Jason-

1, Jason-2, Jason-3, 

GFO, Envisat, Saral, 

Cryosat-2, Topex-

Poseidon 

7 km daily L3 

1° x 1° Monthly L4 

GlobWave Products 

 

ftp://ftp.ifremer.fr/ifremer/cersat/pro

ducts/swath/altimeters/waves/ 

 

 

 

Hs Global 8/1991 4/2017 7 km Irregular L2P ERS-1, ERS-2, Jason-

1, Jason-2, GFO, 

Envisat, Saral, 

Cryosat, Topex-

Poseidon 

 

AVISO+ gridded wave products 

https://www.aviso.altimetry.fr/en/h

ome.html 

 

 

 

Hs Global 2009 Ongoing 

 

1° x 1° daily L4 Envisat, Jason-1, 

Jason-2, Jason-3, 

AltiKa and Sentinel-3A 

 

 

https://climate.esa.int/en/projects/sea-state/data/
https://climate.esa.int/en/projects/sea-state/data/
ftp://ftp.ifremer.fr/ifremer/cersat/products/swath/altimeters/waves/
ftp://ftp.ifremer.fr/ifremer/cersat/products/swath/altimeters/waves/
https://www.aviso.altimetry.fr/en/home.html
https://www.aviso.altimetry.fr/en/home.html
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Dataset Variables Coverage domain Start 

year 

End year Spatial 

resolution 

Temporal 

resolution 

Processing 

Level 

Missions 

RY2019 (University of Melbourne) 

 

http://thredds.aodn.org.au/thredds/

catalog/IMOS/SRS/Surface-

Waves/Wave-Wind-Altimetry-

DM00/catalog.html 

 

Hs Global 1985 2018 1° x 1° undefined L4 GEOSAT, ERS-1, 

TOPEX, ERS-2, GFO, 

JASON-1, ENVISAT, 

JASON-2, CRYOSAT-

2, HY-2A, SARAL, 

JASON-3 and 

SENTINEL-3A 

CMEMS (Global Ocean L3 

significant wave height from NRT 

satellite measurements) 

https://doi.org/10.48670/moi-

00176 

Hs Global 1/2020 Ongoing 

 

7 km 3h L3 Jason-3, Sentinel-3A, 

Sentinel-3B, Cryosat-

2, SARAL/AltiKa, 

CFOSAT and HY-2B 

CMEMS (Global Ocean L3 

Spectral parameters from 

reprocessed satellite 

measurements) 

https://doi.org/10.48670/moi-

00174 

Hs, Tm, θm Global 4/2016 12/2020 

 

undefined 3h L3 Sentinel-1A, Sentinel-

1B,  

CMEMS (Global Ocean L3 

Spectral parameters from NRT 

satellite measurements) 

https://doi.org/10.48670/moi-

00175 

Hs, Tm, θm Global 5/2018 Ongoing 

 

undefined 3h L3 Sentinel-1A, Sentinel-

1B,  

http://thredds.aodn.org.au/thredds/catalog/IMOS/SRS/Surface-Waves/Wave-Wind-Altimetry-DM00/catalog.html
http://thredds.aodn.org.au/thredds/catalog/IMOS/SRS/Surface-Waves/Wave-Wind-Altimetry-DM00/catalog.html
http://thredds.aodn.org.au/thredds/catalog/IMOS/SRS/Surface-Waves/Wave-Wind-Altimetry-DM00/catalog.html
http://thredds.aodn.org.au/thredds/catalog/IMOS/SRS/Surface-Waves/Wave-Wind-Altimetry-DM00/catalog.html
https://doi.org/10.48670/moi-00176
https://doi.org/10.48670/moi-00176
https://doi.org/10.48670/moi-00174
https://doi.org/10.48670/moi-00174
https://doi.org/10.48670/moi-00175
https://doi.org/10.48670/moi-00175
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Dataset Variables Coverage domain Start 

year 

End year Spatial 

resolution 

Temporal 

resolution 

Processing 

Level 

Missions 

CMEMS (Global Ocean L4 

significant wave height from NRT 

satellite measurements) 

 

https://doi.org/10.48670/moi-

00177 

Hs Global 6/2019 Ongoing 

 

2° x 2° 3h L4 Jason-3, Sentinel-3A, 

Sentinel-3B, Cryosat-

2, SARAL/AltiKa, 

CFOSAT and HY-2B 

RADS/NOAA 

 

https://www.star.nesdis.noaa.gov/s

ocd/lsa/RADS.php 

ftp://ftp.star.nesdis.noaa.gov/pub/s

od/lsa/rads/data/ 

 

Hs Global 

 

1985 2021 Irregular Irregular L2 

 

GEOSAT, ERS-1, 

Topex-Poseidon, ERS-

2, GFO, JASON-1, 

ENVISAT, JASON-2, 

JASON-3, CRYOSAT-

2, SARAL, SENTINEL-

3A 

NSOAS 

 

http://www.nsoas.org.cn/eng/colu

mn/142.html 

 

Hs Global 

 

2018 present 7 km Irregular L2 HY-2B 

Hs, θm, 

wave 

length  

Global 

 

2018 present 7 km Irregular L2 CFOSAT 

Hs Global 

 

2018 present undefined undefined L3 

Hs Global 

 

2018 present undefined undefined L4 

https://doi.org/10.48670/moi-00177
https://doi.org/10.48670/moi-00177
https://www.star.nesdis.noaa.gov/socd/lsa/RADS.php
https://www.star.nesdis.noaa.gov/socd/lsa/RADS.php
ftp://ftp.star.nesdis.noaa.gov/pub/sod/lsa/rads/data/
ftp://ftp.star.nesdis.noaa.gov/pub/sod/lsa/rads/data/
http://www.nsoas.org.cn/eng/column/142.html
http://www.nsoas.org.cn/eng/column/142.html
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Table (B.2) Sea level altimeter data 

Dataset Variables Coverage 

domain 

Start 

year 

End year Spatial 

resolution 

Temporal 

resolution 

Processi

ng Level  

Missions 

ESA SEA LEVEL CCI v2.0 

(SL_cci v2.0 ECV) 

https://climate.esa.int/en/projects/s

ea-level/ 

 

SLA, 

GMSL 

Global 

 

1993 2015 7 km Irregular L2  ERS-1, ERS-2, Jason-

1, Jason-2, GFO, 

Envisat, Saral, 

Cryosat-2, Topex-

Poseidon 

0.25° x 

0.25° 

monthly L4 

7 km Irregular L3 

RADS/NOAA 

https://www.star.nesdis.noaa.gov/

socd/lsa/RADS.php 

ftp://ftp.star.nesdis.noaa.gov/pub/s

od/lsa/rads/data/ 

SLA Global 

 

1985 2021 Irregular Irregular L2 

 

GEOSAT, ERS-1, 

Topex-Poseidon, ERS-

2, GFO, JASON-1, 

ENVISAT, JASON-2, 

JASON-3, CRYOSAT-

2, SARAL, SENTINEL-

3A 

CMEMS (Global Ocean Gridded 

L4 sea surface heights and 

derived variables reprocessed 

(1993-ongoing)) 

(((Copernicus Marine Service))) 

https://doi.org/10.48670/moi-

00148 

 

SLA Global 

 

1/1993 Ongoing 

(release 

of 

updates 

with about 

6month 

latency) 

0.25° x 

0.25° 

Daily/ 

monthly 

mean 

L4 ERS-1, ERS-2, Jason-

1, Jason-2, Jason-3, 

GFO, Envisat, Saral, 

Cryosat-2, Topex-

Poseidon, Sentinel-3A. 

HY-2A 

 

 

 

https://climate.esa.int/en/projects/sea-level/
https://climate.esa.int/en/projects/sea-level/
https://www.star.nesdis.noaa.gov/socd/lsa/RADS.php
https://www.star.nesdis.noaa.gov/socd/lsa/RADS.php
ftp://ftp.star.nesdis.noaa.gov/pub/sod/lsa/rads/data/
ftp://ftp.star.nesdis.noaa.gov/pub/sod/lsa/rads/data/
https://doi.org/10.48670/moi-00148
https://doi.org/10.48670/moi-00148
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Dataset Variables Coverage 

domain 

Start 

year 

End year Spatial 

resolution 

Temporal 

resolution 

Processi

ng Level  

Missions 

CMEMS (Global Ocean Gridded 

L4 sea surface heights and 

derived variables reprocessed 

(Copernicus Climate Service)) 

https://doi.org/10.48670/moi-

00145 

SLA Global 

 

1/1993 Ongoing 

(release 

of 

updates 

with about 

6month 

latency) 

0.25° x 

0.25° 

Daily L4 Merging 

measurements from 

two different altimeters 

with orbits like/close to 

Topex/Poseidon and 

ERS-1 historical orbits 

CMEMS (Global Ocean Along-

Track L3 sea surface heights 

reprocessed (1993-ongoing) 

Tailored for data assimilation) 

https://doi.org/10.48670/moi-

00146 

 

SLA, ADT Global 

 

1/1993 12/2020 7km x 7km Irregular L3 ERS-1, ERS-2, Jason-

1, Jason-2, Jason-3, 

GFO, Envisat, Saral, 

Cryosat-2, Topex-

Poseidon, Sentinel-

3A/B, HY-2A 

CMEMS (European Ocean 

Gridded L4 sea surface heights 

and derived variables NRT) 

https://doi.org/10.48670/moi-

00142 

SLA Europe 

19.93°N-66.07°N 

30.07°W-42.07° 

E 

 

12/2019 ongoing 0.125° x 

0.125° 

daily L4 ERS-1, ERS-2, Jason-

1, Jason-2, Jason-3, 

GFO, Envisat, Saral, 

Cryosat-2, Topex-

Poseidon, Sentinel-3A, 

HY-2A 

 

 

 

https://doi.org/10.48670/moi-00145
https://doi.org/10.48670/moi-00145
https://doi.org/10.48670/moi-00146
https://doi.org/10.48670/moi-00146
https://doi.org/10.48670/moi-00142
https://doi.org/10.48670/moi-00142
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Dataset Variables Coverage 

domain 

Start 

year 

End year Spatial 

resolution 

Temporal 

resolution 

Processi

ng Level  

Missions 

CMEMS (European Ocean 

Gridded L4 sea surface heights 

and derived variables 

reprocessed) 

https://doi.org/10.48670/moi-

00141 

 

SLA, ADT Europe 

19.93°N-66.07°N 

30.07°W-42.07° 

E 

 

1/1993 12/2020 0.125°x0.1

25° 

Daily L4 Jason-3, Sentinel-3A, 

HY-2A, Saral/AltiKa, 

Cryosat-2, Jason-2, 

Jason-1, T/P, 

ENVISAT, GFO, 

ERS1/2. 

 

CMEMS (European Ocean Along-

Track L3 Sea Level Anomalies 

NRT Tailored for data assimilation 

https://doi.org/10.48670/moi-

00140 

SLA Europe 

19.93°N-66.07°N 

30.07°W-42.07° 

E 

 

12/2019 ongoing 7km x 7km daily L3 ERS-1, ERS-2, Jason-

1, Jason-2, Jason-3, 

GFO, Envisat, Saral, 

Cryosat-2, Topex-

Poseidon, Sentinel-

3A/B, HY-2A 

CMEMS (European Ocean Along-

Track L3 sea surface heights 

reprocessed (1993-ongoing) 

Tailored for data assimilation 

https://doi.org/10.48670/moi-

00139 

 

 

 

SLA, ADT Europe 

19.93°N-66.07°N 

30.07°W-42.07° 

E 

 

10/1992 12/2020 7km x 7km Irregular L3 ERS-1, ERS-2, Jason-

1, Jason-2, Jason-3, 

GFO, Envisat, Saral, 

Cryosat-2, Topex-

Poseidon, Sentinel-

3A/B, HY-2A 

 

 

https://doi.org/10.48670/moi-00141
https://doi.org/10.48670/moi-00141
https://doi.org/10.48670/moi-00140
https://doi.org/10.48670/moi-00140
https://doi.org/10.48670/moi-00139
https://doi.org/10.48670/moi-00139
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Dataset Variables Coverage 

domain 

Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Processing 

Level  

Missions 

CMEMS (North Atlantic and 

European Seas Along-Track High 

Resolution L3 Sea Level 

Anomalies) 

https://doi.org/10.48670/moi-

00137 

 

SLA North Atlantic 

10°N-88°N 

98°W-42° E 

 

5/2016 1/2019 1.3km x 1.3 km irregular L3 Jason-3, Jason-2, 

Saral, Cryosat-2, 

Sentinel-3A 

Global ocean mean dynamic 

topography (mean sea surface 

height above geoid) 

https://doi.org/10.48670/moi-

00150 

SSH Global 1993-

2012 

mean 

1993-

2012 

mean 

0.125°x0.125° Static / 

pluriannual 

mean 

L4 global CNES-

CLS18 MDT, the 

Black Sea 

CMEMS2020 

MDT and the Med 

Sea CMEMS2020 

MDT 

 

Black Sea mean dynamic 

topography (mean sea surface 

height above geoid) 

https://doi.org/10.48670/moi-

00138 

 

SSH Black Sea 

39.97°N-48.03°N 

25.97°E-42.03°E 

1993-

2012 

mean 

1993-

2012 

mean 

0.0625°x0.0625° Static / 

pluriannual 

mean 

L4 

Mediterranean Sea mean dynamic 

topography (mean sea surface 

height above geoid) 

https://doi.org/10.48670/moi-

00151 

SSH Mediterranean 

Sea 

29.02°N-47.06°N 

5.98°W-36.06°E 

1993-

2012 

mean 

1993-

2012 

mean 

0.0417°x0.0417° Static / 

pluriannual 

mean 

L4 

https://doi.org/10.48670/moi-00137
https://doi.org/10.48670/moi-00137
https://doi.org/10.48670/moi-00150
https://doi.org/10.48670/moi-00150
https://doi.org/10.48670/moi-00150
https://doi.org/10.48670/moi-00138
https://doi.org/10.48670/moi-00138
https://doi.org/10.48670/moi-00151
https://doi.org/10.48670/moi-00151
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Annex (C): Summary of historical climate datasets  

Table (C.1) Sea Level datasets 

Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

GOS  SS Mediterranean 

Sea 

[-9.80,36.4] [30,46.75] 1985 2019 0.08° × 0.06° 1h ERA5 ROMS IHCantabria 

(Open by 

contact) South Europe [-19.90,37.3] [25,46.75] ERA5 ROMS 

Black Sea [27,43] [40,48] 1979 2014 0.08° × 0.05° 1h CFSR ROMS 

Europe [-31,43] [25,73] 1979 2018 0.114° × 0.064° 1h CFSR ROMS 

GOST AT,SS Europe [-30.90,42.9] [25.05,72.98] 1979 2018 0.114° × 0.064° 1h CFSR-

TPXO7.2 

ROMS 

GTSR AT,SS Global [-180,180] [-90,90] 1979 2014 Irregular  

(5km coastal, 

50km open 

ocean) 

1h ERA-

Interim 

Delft3D-

FM 

IVM, Deltares 

(Restricted- 

only return 

periods/annu

al maxima are 

open) 
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Mediterranean 

Sea Physics 

Reanalysis 

https://doi.org/

10.25423/CM

CC/MEDSEA_

MULTIYEAR_

PHY_006_004

_E3R1 

SSH (sea 

Surface 

height 

above 

geoid) 

Mediterranean 

Sea 

[-6,36.30] [30.18,45.98] 1987 present 0.042° × 0.042° daily mean 

monthly 

mean 

hourly 

mean 

 

ERA5 NEMO CMEMS 

(Open) 

 

 

 

 

 

 

Black Sea 

Physics 

Reanalysis 

https://doi.org/

10.25423/CM

CC/BLKSEA_

MULTIYEAR_

PHY_007_004 

 

 

 

 

SSH (sea 

Surface 

height 

above sea 

level) 

Black Sea [27.32,41.96] [40.86,46.8] 1993 present 0.037° × 0.028° daily mean 

monthly 

mean 

 

ERA5 NEMO CMEMS 

(Open) 

https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) 

Longitude 

Interval 

Latitude 

Interval 

Baltic Sea 

Physics 

Reanalysis 

 

SSH (sea 

Surface 

height 

above sea 

level) 

Baltic Sea [9,30] [53,66] 1993 2019 4 km x 4 km 1h 

daily mean 

monthly 

mean 

 

HIRLAM 

(1993-

2011) & 

UERRA 

from 2012 

onwards 

NEMO CMEMS 

(Open) 

https://doi.org/

10.48670/moi-

00013 

 

Atlantic-

European 

North West 

Shelf-Ocean 

Physics 

Reanalysis 

SSH (sea 

Surface 

height 

above 

geoid) 

Atlantic-

European 

North West 

Shelf 

[-20,13] [40,65] 1993 present 0.111° × 0.067° Hourly 

daily mean 

monthly 

mean 

 

ERA5 NEMO CMEMS 

(Open) 

https://doi.org/

10.48670/moi-

00059 

Global Ocean 

Physics 

Reanalysis 

(GLORYS12v

1) 

 

SSH (sea 

Surface 

height 

above 

geoid) 

 

 

Global [-90,90] [-180,180] 1993 2019 0.083° × 0.083° daily mean 

monthly 

mean 

hourly 

mean 

 

ERA-

Interim/ 

ERA5 

NEMO CMEMS 

(Open) 

https://doi.org/

10.48670/moi-

00021 

 

 

 

 

https://doi.org/10.48670/moi-00013
https://doi.org/10.48670/moi-00013
https://doi.org/10.48670/moi-00013
https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00021
https://doi.org/10.48670/moi-00021
https://doi.org/10.48670/moi-00021
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Atlantic-

Iberian Biscay 

Irish-Ocean 

Physics 

Reanalysis 

 

SSH (sea 

Surface 

height 

above 

geoid) 

Atlantic-

Iberian Biscay 

Irish Zone 

[-19,5] [26,56] 1993 2019 0.083°x 0.083° daily mean 

monthly 

mean 

hourly 

mean 

ERA5 NEMO CMEMS 

(Open) 

https://doi.org/

10.48670/moi-

00029 

CoDEC 

https://zenodo

.org/record/36

60927#.YgY8

Xf7MK71 

 

AT,SS Global [-180,180] [-90,90] 1979 2017 Irregular  

2.5km coastal 

areas (1.25km 

European 

coastal zones, 

25km open 

ocean) 

10 min ERA5 GTSM 

(Delft3D-

FM) 

IVM, Deltares 

 (Restricted- 

only return 

periods/annu

al maxima are 

open) 

 

Water level 

change time 

series for the 

European 

coast 

 

 AT, SS, 

TWL 

 

 

European - - 1979 2017 10 km along 

the coast 

(Coastal grid 

points: 0.1°) 

 

 

 

 

 

10 min ERA5 GTSM 

(Delft3D-

FM) 

CDS 

 (Open) 

https://cds.clima

te.copernicus.eu

/cdsapp#!/datas

et/sis-water-

level-change-

timeseries?tab=f

orm 

https://doi.org/10.48670/moi-00029
https://doi.org/10.48670/moi-00029
https://doi.org/10.48670/moi-00029
https://zenodo.org/record/3660927#.YgY8Xf7MK71
https://zenodo.org/record/3660927#.YgY8Xf7MK71
https://zenodo.org/record/3660927#.YgY8Xf7MK71
https://zenodo.org/record/3660927#.YgY8Xf7MK71
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=form


 

 

 

 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No. 101003598 
 

 

 

96 

Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Water level 

change 

indicators for 

the European 

coast  

 

 

 

 

 

SS, TWL 

 

 

European - - 1979 2017 10 km along 

the coast 

(Coastal grid 

points: 0.1°) 

 

No 

temporal 

resolution 

ERA5 GTSM 

(Delft3D-

FM) 

Copernicus- 

Climate Data 

Store (CDS) 

 (Open) 

https://cds.clim

ate.copernicus

.eu/cdsapp#!/d

ataset/sis-

water-level-

change-

indicators?tab

=form 

 

SODA v2.1.6 Sea level 

(SLA) 

Global [-180,180] [-90,90] 1958 2008 0.5° × 0.5° monthly ERA-40  

/ ERA-

Interim 

 

Ocean 

model 

based on 

Parallel 

Ocean 

Program 

physics 

 

 

University of 

Maryland 

(Open) 

http://apdrc.so

est.hawaii.edu

/datadoc/soda

_2.1.6.php 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=form
http://apdrc.soest.hawaii.edu/datadoc/soda_2.1.6.php
http://apdrc.soest.hawaii.edu/datadoc/soda_2.1.6.php
http://apdrc.soest.hawaii.edu/datadoc/soda_2.1.6.php
http://apdrc.soest.hawaii.edu/datadoc/soda_2.1.6.php
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

CCAR sea 

level 

reconstruction  

 

SLA,SSH Global [-180,180] [-90,90] 1950 2009 0.5° × 0.5° weekly - - CCAR 

http://doi.org/1

0.5067/RECS

L-000V1 

(Open) 

 

ECCOv4r4 

Re-analysis 

 

SSH Global [-180,180] [-90,90] 1992 2017 0.5° × 0.5° Daily, 

monthly 

ERA-

interim 

MITgcm JPL/NASA 

(Open) 

https://podaac.

jpl.nasa.gov/E

CCO?tab=mis

sion-

objectives&se

ctions=about%

2Bdata 

ECFAS 

hindcast 

AT, SS, 

SSH 

Europe [25, 76] [-25, 42] 2010 2020 Irregular. 2.5 

km at the coast 

hourly ERA5 FES2014 

(AT) + 

SCHISM-

ANYEU-

SSLv2 (SS) 

+ NEMO-

GLORYS12

v1 (MSL) 

CFR,UNIFE, 

Univ. Cadiz, 

Mercator Ocean  

(Restricted -will 

be accessible 

on WEKEO 

DIAS platform) 

http://doi.org/10.5067/RECSL-000V1
http://doi.org/10.5067/RECSL-000V1
http://doi.org/10.5067/RECSL-000V1
https://podaac.jpl.nasa.gov/ECCO?tab=mission-objectives&sections=about%2Bdata
https://podaac.jpl.nasa.gov/ECCO?tab=mission-objectives&sections=about%2Bdata
https://podaac.jpl.nasa.gov/ECCO?tab=mission-objectives&sections=about%2Bdata
https://podaac.jpl.nasa.gov/ECCO?tab=mission-objectives&sections=about%2Bdata
https://podaac.jpl.nasa.gov/ECCO?tab=mission-objectives&sections=about%2Bdata
https://podaac.jpl.nasa.gov/ECCO?tab=mission-objectives&sections=about%2Bdata
https://podaac.jpl.nasa.gov/ECCO?tab=mission-objectives&sections=about%2Bdata
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Jevrejeva et 

al. (2014), 

Global Mean 

Sea Level 

Reconstructio

n 

 

-Global sea 

level and 

rate 

Percentiles 

(Median & 

standard 

error) 

Global - - 1807 2010 - monthly - - PSMSL 

(Open) 

https://www.psm

sl.org/products/r

econstructions/j

evrejevaetal201

4.php 

Hay et al. 

(2015) 

-Global sea 

level and 

Percentiles 

(Median & 

standard 

error) 

Global - - 1900 2010 - yearly - - Earth and 

Planetary 

Sciences, 

Harvard 

University, 

Rutgers 

University 

Dagendorf et 

al. (2019) 

Global Mean 

Sea Level 

Reconstructio

n 

 

-Global sea 

level and 

Percentiles 

(Median & 

1 sigma 

error) 

 

 

Global - - 1900 2015 - monthly - - University of 

Siegen  

(Open by 

contact) 

https://www.nat

ure.com/articles/

s41558-019-

0531-

8#MOESM2 

https://www.psmsl.org/products/reconstructions/jevrejevaetal2014.php
https://www.psmsl.org/products/reconstructions/jevrejevaetal2014.php
https://www.psmsl.org/products/reconstructions/jevrejevaetal2014.php
https://www.psmsl.org/products/reconstructions/jevrejevaetal2014.php
https://www.psmsl.org/products/reconstructions/jevrejevaetal2014.php
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Frederikse et 

al. (2020) 

Global Mean 

Sea Level 

Reconstructio

n 

 

-Global & 

Regional 

sea level 

-

Percentiles 

(Median & 

standard 

error) 

Global & 

Regional 

[-180,180] [-89.5,89.5] 1900 2018 1° × 1° yearly - - https://zenodo.

org/record/386

2995#.YdWyF

1njJhE 

(Open) 

CMIP5 Global & 

Regional 

sea level 

Global & 

Regional 

- - 1850 2005 1° × 1° yearly - - https://esgf-

node.llnl.gov/p

rojects/esgf-

llnl/ 

(Open) 

CMIP6 Global & 

Regional 

sea level 

Global & 

Regional 

- - 1958 2014 1° × 1° yearly - - https://esgf-

node.llnl.gov/p

rojects/esgf-

llnl/ 

(Open) 

 

 

 

 

https://zenodo.org/record/3862995#.YdWyF1njJhE
https://zenodo.org/record/3862995#.YdWyF1njJhE
https://zenodo.org/record/3862995#.YdWyF1njJhE
https://zenodo.org/record/3862995#.YdWyF1njJhE
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://esgf-node.llnl.gov/projects/esgf-llnl/
https://esgf-node.llnl.gov/projects/esgf-llnl/
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

LEGOS sea 
level 

reconstruction  
 

Mean sea 
level  

 

Quasi-global [-180,180] [-50,70] 1960 2012 1° × 1° monthly - - LEGOS 

ftp://ftp.legos.o

bs-

mip.fr/pub/2D_

sealevel_reco

nstruction/ 

(Open) 

LEGOS 
historical sea 
level hindcast  

 

SLA Global [-180,180] [-90,90] 1900 2015 1° × 1° yearly - 12 climate 

models 

from 

CMIP5 

LEGOS 

(Open) 

ORAS5 SSH Global [-180,180] [-90,90] 1958 present 0.25° × 0.25° monthly -ERA-40 

until 1978 

-ERA-

Interim until 

2015 

-ECMWF/ 

IFS from 

2015 

onwards 

NEMO Copernicus- 

Climate Data 

Store (CDS) 

 (Open) 

https://cds.clim

ate.copernicus

.eu/cdsapp#!/d

ataset/reanaly

sis-

oras5?tab=ove

rview 

ftp://ftp.legos.obs-mip.fr/pub/2D_sealevel_reconstruction/
ftp://ftp.legos.obs-mip.fr/pub/2D_sealevel_reconstruction/
ftp://ftp.legos.obs-mip.fr/pub/2D_sealevel_reconstruction/
ftp://ftp.legos.obs-mip.fr/pub/2D_sealevel_reconstruction/
ftp://ftp.legos.obs-mip.fr/pub/2D_sealevel_reconstruction/
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-oras5?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-oras5?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-oras5?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-oras5?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-oras5?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-oras5?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-oras5?tab=overview
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

MED16 
hindcast 

SSH Mediterranean

-Black Sea 

[-5, 42] [30, 48] 1980 2010 1/16° x 1/16° 

Local grid 

refinement 

(Gibraltar and 

Turkish Straits) 

daily ERA-

Int./SMHI-

RCA4 

atmospheri

c 

downscalin

g 

ORAS4 for 

boundary 

data 

MED16 ENEA 

(Open by 

contact) 

ANYEU-SSL SS Europe [25, 76] [-25, 42] 1979 2018 Irregular. 10  

km at the coast 

3-hourly ERA-

interim 

SCHISM UNIFE (Open 

by contact) 

 

GOFS3.1 

 

HYCOM + 

NCODA 

Global 1/12° 

Reanalysis 

SSH Global [-180,180] [-90,90] 1994 present 1/12° x 1/12° 

 

3-h CFSR HYCOM Naval Research 

Laboratory 
http://tds.hycom.or

g/thredds/catalogs

/GLBv0.08/expt_5

3.X.html 

 

https://www7320

.nrlssc.navy.mil/

GLBhycomcice1-

12/ 

http://tds.hycom.org/thredds/catalogs/GLBv0.08/expt_53.X.html
http://tds.hycom.org/thredds/catalogs/GLBv0.08/expt_53.X.html
http://tds.hycom.org/thredds/catalogs/GLBv0.08/expt_53.X.html
http://tds.hycom.org/thredds/catalogs/GLBv0.08/expt_53.X.html
https://www7320.nrlssc.navy.mil/GLBhycomcice1-12/
https://www7320.nrlssc.navy.mil/GLBhycomcice1-12/
https://www7320.nrlssc.navy.mil/GLBhycomcice1-12/
https://www7320.nrlssc.navy.mil/GLBhycomcice1-12/
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Dataset Variable Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

European 

Storm Surge 

hindcast 

Vousdoukas 

et al. (2016) 

SS Europe 

 

[-40,47] [26,73] 1979 2014 0.2°x 0.2° 

 

3-hourly ERA-

Interim 

Delft3D JRC Data 

Catalogue- 

European 

Commission 

(Open) 

http://data.jrc.e

c.europa.eu/ 

collection/LIS

COAST 

European 

extreme sea 

level -

historical 

Vousdoukas 

et al. (2017) 

Extreme 

sea levels, 

i.e. TWL  

Europe 

 

[-10.4,41.7] [34.6,71.2] 1979  

 

2014 

 

 

0.2°x 0.2° 

 

- 6 GCMs/ 

ERA-

Interim 

Delft3D & 

WW3 

GSSR 
 

Storm surge 
reconstruction  

 
https://doi.org/

10.3389/fmars

.2020.00260 

 

SS  Global 

(at 882 tide 

gauges) 

- - 1990 2010 irregular daily ERA-20C Linear 

regressio

n and 

fandom 

forest 

data-

driven 

models 

University of 

central Florida 

& University of 

Cantabria 

http://gssr.info/ 

 

 

1836 2015 20-CR 

1979 2019 ERA-

Interim 

1980 2019 MERRA-2 

1979 2019 ERA5 

 

https://doi.org/10.3389/fmars.2020.00260
https://doi.org/10.3389/fmars.2020.00260
https://doi.org/10.3389/fmars.2020.00260
http://gssr.info/
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Table (C.2) Wave hindcasts 

Dataset Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

 

GLOBMULTI_ERA5 

North-East 

Atlantic 

[-30,30] [25,70] 1993 2020 0.167°x 0.167° 3h ERA5 WW3 Ifremer 

(Restricted) 

Africa 

(Mediterranean 

Sea) 

[-30,58] [-50,50] 

Global [-180,180] [-90,90] 0.5°×0.5° 

MS hindcast Mediterranean 

Sea 

[-6,38] [29,47] 1980 2019 0.05°x 0.05° 1h ERA5 WW3 ISMAR, 

CNR 

(Restricted) 

DICCA hindacst Mediterranean 

Sea 

[-6,38] [30,46] 1979 2018 0.1273°×0.09° 1h HR winds  

downscaled 

from CFSR 

WW3 DICCA, 

GENOVA 

University 

(Restricted) 

Mediterranean Wind 

Wave Model (MWM) 

 

 

 

 

Mediterranean 

Sea 

[-6,38] [30,46] 1980 2014 0.03°- 0.10° 1h HR winds 

downscaled 

from CFSR 

Mike21-

SW 

DHI 

(Restricted) 
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Dataset Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Mediterranean Sea 

Waves Reanalysis 

https://doi.org/10.2542

3/cmcc/medsea_multiy

ear_wav_006_012 

Mediterranean 

Sea 

[-18.12,36.3] [30.18,45.98] 1993 ongoin

g 

0.042°x 0.042° 1h ERA5 WAM CMEMS 

(Open) 

Baltic Sea Wave 

Hindcast 

https://doi.org/10.4867

0/moi-00014 

 

Baltic Sea [9,30] [53,66] 1993 2020 2 km x 2 km 1h ERA5 WAM CMEMS 

(Open) 

 

 

 

 

 

 

 

Atlantic-Iberian Biscay 

Irish-Ocean Wave 

Reanalysis 

https://doi.org/10.4867

0/moi-00030 

 

 

 

Atlantic-Iberian 

Biscay Irish 

Zone 

[-19,5] [26,56] 1993 2019 0.05°x 0.05° 1h ERA5 WAM CMEMS 

(Open) 

https://doi.org/10.25423/cmcc/medsea_multiyear_wav_006_012
https://doi.org/10.25423/cmcc/medsea_multiyear_wav_006_012
https://doi.org/10.25423/cmcc/medsea_multiyear_wav_006_012
https://doi.org/10.48670/moi-00014
https://doi.org/10.48670/moi-00014
https://doi.org/10.48670/moi-00030
https://doi.org/10.48670/moi-00030
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Dataset Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Black Sea Waves 

Reanalysis 

https://doi.org/10.2542

3/CMCC/BLKSEA_MU

LTIYEAR_WAV_007_

006 

Black Sea [27.32,41.96] [40.86,46.8] 1979 present 0.037° × 0.028° 1h ERA5 WAM CMEMS 

(Open) 

Atlantic-European 

North West Shelf-

Wave Physics 

Analysis 

https://doi.org/10.4867

0/moi-00060 

Atlantic-

European 

North West 

Shelf 

[-16,13] [46,62.75] 1980 present 0.017° × 0.017° 3h ERA5 WW3 

 

GOW Europe [-12,45] [30,72] 1979 2018 0.125° × 0.125° 1h CFSR WW3 

 

IHCantabria 

(Open by 

contact) Black Sea [26.5,42] [40.18,47.5] 1979 2014 0.0625° × 

0.0625° 

1h CFSR WW3 

 

GOW2 Global [-180,180] [-80,80] 1979 2018 0. 5° × 0. 5° 1h CFSR WW3 

 

Platform 

(coastal zones) 

[-180,180] [-80,80] 1979 2018 0. 25° × 0. 25° 1h CFSR WW3 

 

GOW-ERA5 

 

Atlantic-Iberia [-19.5,0] [26.5,45.5] 1985 2019 0. 1° × 0. 1° 1h ERA5 WW3 

https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_WAV_007_006
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_WAV_007_006
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_WAV_007_006
https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_WAV_007_006
https://doi.org/10.48670/moi-00060
https://doi.org/10.48670/moi-00060
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Dataset Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

GOW-ERA5 Mediterranean-

Iberia 

[-7,6] [34,44] 1985 2019 0. 083° × 0. 

083° 

1h ERA5 WW3 

 

IHCantabria 

 (Open by 

contact) Western 

Mediterranean 

[-14,17.5] [32.5,46.5] 1985 2019 0. 25° × 0. 25° 1h ERA5 WW3 

 

Global [-180,180] [-85,88] 1985 2019 1° × 1° 1h ERA5 WW3 

 

North Atlantic [-35,9] [23,61] 1985 2019 0. 5° × 0. 5° 1h ERA5 WW3 

 

CoastDat-2 North Sea [-4.75,13] [51,59] 1949 2014 0.075° × 0.05° 1h COSMO-CLM WAM HZG (Open 

by contact) 

Global Ocean Waves 

Reanalysis WAVERYS 

https://doi.org/10.4867

0/moi-00022 

 

 

Global [-180,180] [-90,90] 1993 2020 0.2° × 0.2° 3h ERA5 WAM CMEMS 

(Open) 

Pan-European Wave 

product 

Europe [-98,45] [9,88] 2010 2016 0.1° × 0.1° 1h ERA5 SAW 

(Stand 

Alone 

WAM) 

 

 

Deltares 

(Restricted) 

https://doi.org/10.48670/moi-00022
https://doi.org/10.48670/moi-00022


 

 

 

 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No. 101003598 
 

 

 

107 

Dataset Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

BOBWA-H Bay of 

Biscay/Contine

ntal shelf 

[-10,3] [43,52] 1958 2002 10 km 6h ERA-40 WW3 BRGM 

(Open by 

contact) 

Ocean surface wave 

indicators for the 

European coast  

https://cds.climate.cop

ernicus.eu/cdsapp#!/d

ataset/sis-ocean-

wave-

indicators?tab=overvie

w 

 

Europe - - 2001 2017 Coastal grid 

points: 30 km 

along the 20 m 

bathymetric 

contour 

 

 

 

 

No 

temporal 

resolution 

ERA5 SAW 

(Stand 

Alone 

WAM) 

Copernicus- 

Climate Data 

Store (CDS) 

 (Open) 

 

Ocean surface wave 

time series for the 

European coast  

https://cds.climate.coper

nicus.eu/cdsapp#!/datas

et/sis-ocean-wave-

timeseries?tab=overview 

 

Europe - - 2001 2017 Coastal grid 

points: 30 km 

along the 20 m 

bathymetric 

contour 

1h ERA5 SAW 

(Stand 

Alone 

WAM) 

Copernicus- 

Climate Data 

Store (CDS) 

 (Open) 

 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
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Dataset Domain 

(Region) 

Coverage domain Start 

year 

End 

year 

Spatial 

resolution 

Temporal 

resolution 

Forcing Model Institution 

(Data access) Longitude 

Interval 

Latitude 

Interval 

Ocean surface wave 

characteristics for the 

Mediterranean 

 

Mediterranean - - 1980 2015 1/32° x 1/32° 3h WRF 

Downscaling 

WW3 ENEA (Open 

by contact) 

ECMWF CY41R1 Global [-180,180] [-90,90] 1979 2014 0.25° x 0.25° 3h ERA-Interim WAM ECMWF 

(Restricted) 

NOAA wave hindcast Global [-180,180] [-90,90] 1979 2009 0.25° x 0.25° 3h CFSR WW3 NOAA 

(Open) 

https://polar.n

cep.noaa.gov/

waves/hindca

sts/nopp-

phase2/ 

Mediterranean 

Sea and Black 

Sea 

[-7,43] [-30,48] 0.167° x 0.167°  

North Sea and 

Baltic Sea 

[-28,31] [42,68] 1/15° x 2/15° 

Ifremer_IOWAGA Global [-180,180] [-90,90] 1990 2020 0.5° x 0.5° 3h CFSR WW3 Ifremer 

ftp://ftp.ifremer

.fr/ifremer/ww

3/HINDCAST/ 

North East 

Atlantic 

- - 0.25° x 0.167° 

Black Sea [27,43] [40,48] 0.1° x 0.1° 

Mediterranean 

Sea 

[-6,36.5] [30,46] 0.1° x 0.1° 

 

https://polar.ncep.noaa.gov/waves/hindcasts/nopp-phase2/
https://polar.ncep.noaa.gov/waves/hindcasts/nopp-phase2/
https://polar.ncep.noaa.gov/waves/hindcasts/nopp-phase2/
https://polar.ncep.noaa.gov/waves/hindcasts/nopp-phase2/
https://polar.ncep.noaa.gov/waves/hindcasts/nopp-phase2/
ftp://ftp.ifremer.fr/ifremer/ww3/HINDCAST/
ftp://ftp.ifremer.fr/ifremer/ww3/HINDCAST/
ftp://ftp.ifremer.fr/ifremer/ww3/HINDCAST/
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Annex (D): Summary of projected climate datasets  

Table (D.1) Sea level projected datasets 

Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Water level 

change 

indicators 

for the 

European 

coast from 

1977 to 

2100 

derived 

from 

climate 

projections 

TWL, 
storm 

surge - 
percentile

s P10,  
P25,P50,

P75, 
P90,  
For 6 
return 

periods 
+ 

 Tidal 
indicators 
(MHHW,e
tc)  

 

Europe - - 1977-

2005 

2071-2100 

 

Coastal 

grid points: 

0.1° 

 

Ocean grid 

points: 

0.25°, 0.5°, 

and 1° 

within 100 

km, 500 

km, and 

>500 km of 

the 

coastline, 

respectively 

No 

temporal 

resolution 

(indicators 

represent 

statistics 

over the 

temporal 

coverage) 

CMIP5 GCM: 

EC-EARTH 

 

RCM: 

HIRMAH5 

(a member 

of the 

EURO-

CORDEX ) 

 

(Model: 

GTSM) 

RCP4.5,  Copernicus

- Climate 

Data Store 

(CDS) 

 (Open) 

https://cds.

climate.cop

ernicus.eu/

cdsapp#!/d

ataset/sis-

water-level-

change-

indicators?t

ab=overvie

w 

 

 

 

2041-2070 RCP8.5 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-indicators?tab=overview
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

IBI-CCS 

Regional 

projections 

over Iberia 

Biscay 

Ireland 

regional 

seas 

Water 

level 

(mean 

sea level, 

tides, 

storm 

surge) 

Atlantic-

Iberian 

Biscay 

Irish Zone 

[-21,14] [26,65] 1970-

2014 

2015-2100 0.083°x0.0

83° 

1h CMIP6 GCM: 

CNRM-

CM6-1-HR 

RCM: 

NEMO  

SSP1-

2.6, 

SSP5-8.5 

Mercator 

Ocean  

(Restricted

) 

NWES 

regional 

ocean 

projections 

 

SSH, 

tides 

Northwest 

European 

shelf 

[-20,13] [40-65] 1980-

2005 

2006-2099 1/15°x1/9° 

(7km x 

7km) 

- CMIP5 GCM: 

HadGEM2

ES, MPI-

ESM-LR 

RCM: 

AMM7 

(NEMO) 

 

 

 

 

 

RCP8.5, 

RCP4.5 

NOIZ, TU-

Delft 

(Restricted

)  

https://doi.org/10.48670/moi-00014
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) Longitude 

Interval 

Latitude 

Interval 

Historical Future 

IH-GOS 

projections  

Storm 

surge 

 Atlantic 

Spanish 

Coasts 

[-19.9,37.33] 

 

[25,46.75] 

 

1985-

2005 

2026-2045 

2081-2100 

0.08°x 

0.06° 

1h CMIP5 6 GCMs 

[MIROC5, 

IPSL-CM5A-

MR, CNRM-

CM5, 

CMCC-CM, 

ACCESS1.0, 

ACCESS1.3, 

HadGEM2-

ES] 

(Model: 

ROMS) 

RCP4.5, 

RCP8.5 

IHCantabria 

(Open by 

contact) 

Storm 

surge 

 

Mediterra

nean 

Spanish 

Coasts 

  

[-9.83,36.42] 

 

 

[30.25,46.

75] 

 

1985-

2005 

2026-2045 

2081-2100 

0.08°x 

0.06° 

1h CMIP5 7 CORDEX  

 

RCMs 

[RCA4, 

CCLM4-8-

17, 

ALADIN52] 

 

(Model: 

ROMS) 

RCP4.5, 

RCP8.5 
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

IPCC-AR5 

(2013) 

Global & 

Regional 

sea level 

Global [-180, 180] [-90,90] 2006-2100 1°x 1° yearly CMIP5 Ensemble 
of 21 

GCMs  
 

(Not all the 
21 GCMs 

are 
available in 

the 
Mediterran
ea-n sea) 

RCPs Hamburg 

University 

(Open) 

 

https://www

.cen.uni-

hamburg.d

e/en/icdc/d

ata/ocean/a

r5-slr.html 

Kopp et al. 

(2014) 

Global & 

Local sea 

level at 

tide 

gauges 

Global - - 2000-2200 - 2030,2050,

2100,2150 

& 2200 

CMIP5 - RCP2.6, 

RCP4.5, 

RCP8.5 

https://agup

ubs.onlineli

brary.wiley.

com/doi/full

/10.1002/2

014EF0002

39 

MAGICC 

(2017) 

Global 

sea level 

Global - - 1900-2300 - yearly CMIP5 - RCPs https://zeno

do.org/reco

rd/572398#

.YdWoZlnjJ

hE 

https://www.cen.uni-hamburg.de/en/icdc/data/ocean/ar5-slr.html
https://www.cen.uni-hamburg.de/en/icdc/data/ocean/ar5-slr.html
https://www.cen.uni-hamburg.de/en/icdc/data/ocean/ar5-slr.html
https://www.cen.uni-hamburg.de/en/icdc/data/ocean/ar5-slr.html
https://www.cen.uni-hamburg.de/en/icdc/data/ocean/ar5-slr.html
https://www.cen.uni-hamburg.de/en/icdc/data/ocean/ar5-slr.html
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014EF000239
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014EF000239
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014EF000239
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014EF000239
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014EF000239
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014EF000239
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014EF000239
https://zenodo.org/record/572398#.YdWoZlnjJhE
https://zenodo.org/record/572398#.YdWoZlnjJhE
https://zenodo.org/record/572398#.YdWoZlnjJhE
https://zenodo.org/record/572398#.YdWoZlnjJhE
https://zenodo.org/record/572398#.YdWoZlnjJhE
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Kopp et al. 

(2017) 

Global & 

Local sea 

level at 

tide 

gauges 

 

 

 

Global - - 2010-2300 - decadal CMIP5 - RCP2.6, 

RCP4.5, 

RCP8.5 

https://agup

ubs.onlineli

brary.wiley.

com/doi/full

/10.1002/2

017EF0006

63 

IPCC-AR6 

(2021) 

Global & 

Regional 

sea level 

Global [-180, 180] [-90,90] 2020-2150 (medium 

confidence) & 2020-

2300 (low-confidence) 

1°x 1° decadal CMIP5 

CMIP6 

- SSPs & 
SSPs 
low-

confidenc
e 

https://seal

evel.nasa.g

ov/ipcc-ar6-

sea-level-

projection-

tool (Open) 

IPCC-

SROCC 

(2019) 

Global & 

Regional 

sea level 

Global [-180, 180] [-90,90] 2006-2100 1°x 1° yearly CMIP5 - RCPs https://www.

eea.europa.

eu/data-and-

maps/data/e

xternal/ipcc-

srocc-data-

on-sea  

(Open) 

 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017EF000663
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017EF000663
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017EF000663
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017EF000663
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017EF000663
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017EF000663
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017EF000663
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
https://www.eea.europa.eu/data-and-maps/data/external/ipcc-srocc-data-on-sea
https://www.eea.europa.eu/data-and-maps/data/external/ipcc-srocc-data-on-sea
https://www.eea.europa.eu/data-and-maps/data/external/ipcc-srocc-data-on-sea
https://www.eea.europa.eu/data-and-maps/data/external/ipcc-srocc-data-on-sea
https://www.eea.europa.eu/data-and-maps/data/external/ipcc-srocc-data-on-sea
https://www.eea.europa.eu/data-and-maps/data/external/ipcc-srocc-data-on-sea
https://www.eea.europa.eu/data-and-maps/data/external/ipcc-srocc-data-on-sea
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

BRGM 

(2020) 

Global & 

Regional 

sea level 

Global [-180, 180] [-90,90] 2006-2100 1°x 1° yearly CMIP5 - RCPs, 

high-end 

& low-

end 

BRGM 

https://seal

evelrise.brg

m.fr/ 

(Open) 

 

European 

Extreme 

Storm 

Surge 

Level 

Vousdoukas 

et al. (2016) 

Extreme 

storm 

surge 

levels 

Europe 

 

[-40,47] [26,73] 1970-2000 2010-

2040 

2070-

2100 

0.2°x 0.2° 

(every 25 

km along 

the 

coastline) 

3h CMIP5 8 GCMs: 

[ACCESS1-

0, 

ACCESS1-

3, CSIRO-

Mk3.6.0, 

EC-EARTH, 

GFDL-

ESM2M, 

HadGEM2- 

CC, MPI-

ESM-LR, 

MPI-ESM-

MR] 

Model: 

Delft3D-

FLOW 

RCP4.5, 

RCP8.5 

JRC Data 

Catalogue- 

European 

Commissio

n 

(Open) 

http://data.j

rc.ec.europ

a.eu/ 

collection/L

ISCOAST 

https://sealevelrise.brgm.fr/
https://sealevelrise.brgm.fr/
https://sealevelrise.brgm.fr/
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Dataset Variable Domain 

(Region) 
Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Water level 

change 

time series 

for the 

European 

coast from 

1977 to 

2100 

derived 

from 

climate 

projections 

 

TWL, Tidal 

elevation, 

MSL, storm 

surge 

residual 

Europe - - 1977-

2005 

2071-2100 

 

Coastal grid 

points: 0.1° 

 

Ocean grid 

points: 

0.25°, 0.5°, 

and 1° 

within 100 

km, 500 km, 

and >500 

km of the 

coastline, 

respectively 

10 min CMIP5 GCM: 

EC-EARTH 

 

RCM: 

HIRMAH5 

(a member 

of the 

EURO-

CORDEX ) 

 

(Model: 

GTSM) 

RCP4.5,  Copernicus

- Climate 

Data Store 

(CDS) 

 (Open) 

https://cds.cli

mate.coperni

cus.eu/cdsa

pp#!/dataset/

sis-water-

level-

change-

timeseries?t

ab=overview 

2041-2070 RCP8.5 

MED16 
 

SSH Mediterr

anean-

Black 

Sea 

[-5, 42] [30, 48] 2006-2100 1/16° x 

1/16° 

Local grid 

refinement 

(Gibraltar 

and Turkish 

Straits) 

daily CMIP5 HadGEM2-

ES/SMHI-

RCA4 

atmospheric 

downscaling 

RCP8.5 ENEA 

(Open by 

contact) 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-water-level-change-timeseries?tab=overview
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Dataset Variable Domain 

(Region) 
Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Extreme 

sea levels 

 

Vousdoukas 

et al. (2017) 

Extreme 

sea levels, 

i.e. TWL 

(including 

tide, surge 

and wave 

contribution

s) 

Europe 

 

[-10.4,41.7] [34.6,71.2] 01-12-

1969 until 

30-11-

2004 

01-12-

2009 until  

30-11-

2099 

- 

 

8 return 

periods (5, 

10, 20, 50, 

100, 200, 

500, 1000) 

CMIP5 6 GCMs: 

[ACCESS1-0, 

ACCESS1-3, 

CSIRO-

Mk3.6.0, EC-

EARTH, 

GFDL-

ESM2G, and 

GFDL-

ESM2M]  

 

Model: 

Delft3D-

FLOW (SS) & 

WW3 (waves) 

RCP4.5, 

RCP8.5 

JRC Data 

Catalogue- 

European 

Commissio

n 

(Open) 

http://data.j

rc.ec.europ

a.eu/ 

collection/L

ISCOAST 

 

(IHE-Delft) 

https://coas

tal-

futures.org/ 

 

Global 

Extreme 

sea levels 

Projections 

Vousdoukas 
et al. (2018) 

Extreme 

sea levels, 

i.e. TWL 

(including 

tide, surge 

and wave 

contribution

s) 

Global 

 

[-180, 180] [-80,80] 1980-2100 

(baseline period: 1980-

2014 ) 

100 km 

 

8 return 

periods (5, 

10, 20, 50, 

100, 200, 

500, 1000) 

years 

CMIP5 6 GCMs: 

 

Model: 

Delft3D-

FLOW (SS) 

& WW3 

(waves) / 

probabilistic 

(statistical 

projections)  

RCP4.5, 

RCP8.5 
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Table (D.2) Wave projection datasets 

Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Ocean 

surface 

wave 

indicators 

for the 

European 

coast from 

1977 to 

2100 

derived from 

climate 

projections 

 

Hs, Tp 

[percentiles 

P90, P95, P99 

+ average 

P90-100 for Hs 

only] 

For 1 return 

period (100 

years) 

Europe 

 

European coastline 

along the 20 m 

bathymetric contour 

1976-

2005 

2041-

2100 

Coastal grid 

points: 30 

km 

 

No 

temporal 

resolution 

CMIP5 GCM: 

EC-EARTH 

 

RCM: 

HIRMAH5 

 

(Model: 

Stand 

Alone 

WAM, 

SAW) 

RCP4.5, 

RCP8.5 

Copernicus

- Climate 

Data Store 

(CDS) 

 (Open) 

 

https://cds.

climate.cop

ernicus.eu/

cdsapp#!/d

ataset/sis-

ocean-

wave-

indicators?t

ab=overvie

w 

 

 

 

 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-indicators?tab=overview


 

 

 

 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No. 101003598 
 

 

 

118 

Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Ocean 

surface 

wave time 

series for 

the 

European 

coast from 

1976 to 

2100 

derived from 

climate 

projections 

Hs, Tp, Tm, 

θm, wave 

spectral 

directional 

width 

Europe 

 

European coastline 

along the 20 m 

bathymetric contour 

1976-

2005 

2041-

2100 

Coastal grid 

points: 30 

km 

 

1h CMIP5 GCM: 

EC-EARTH 

 

RCM: 

HIRMAH5 

 

(Model: 

Stand 

Alone 

WAM, 

SAW) 

RCP4.5, 

RCP8.5 

Copernicus- 

Climate 

Data Store 

(CDS) 

 (Open) 

https://cds.cl

imate.coper

nicus.eu/cds

app#!/datas

et/sis-ocean-

wave-

timeseries?t

ab=overview 

IBI-CCS 

Wave 

regional 

projections  

Hs, Tp, Tm, 

θm, and their 

decompositi

on- into 

wind-sea, 

primary 

swell, 

secondary 

swell 

Atlantic-

Iberian 

Biscay 

Irish 

Zone 

[-17, 8] [27, 61] 1970-

2014 

2015-

2100 

0.1°x 0.1° 1h CMIP6 GCM: CNRM-

CM6-1-HR 

winds / sea-

ice, MFWAM 

global 

projection 

RCM: MF-

WAM + SSH 

from 

simulation 

above 

SSP1-

2.6, 

SSP5-8.5 

Mercator 

Ocean  

(Restricte

d) 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/sis-ocean-wave-timeseries?tab=overview
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

IH-GOW 

projections  

Wave 

parameters 

(Hs, Tm, Tp, 

θm) 

 Atlantic 

Spanish 

Coasts 

- - 1985-

2005 

2026-

2045 

 

2081-

2100 

0.1°x 0.1°   

 

1h CMIP5 7 GCMs 

[MIROC5, 

IPSL-CM5A-

MR, GFDL-

ESM2G, 

CNRM-CM5, 

CMCC-CM, 

ACCESS1.0, 

ACCESS1.3, 

HadGEM2-

ES] 

 (Model: 

WW3-v.4.18) 

RCP4.5, 

RCP8.5 

IHCantabria 

(Open by 

contact) 

Mediterr-

anean 

Spanish 

Coasts 

- - 1985-

2005 

2026-

2045 

 

2081-

2100 

0.08°x 0.08° 1h CMIP5 8 CORDEX 

RCMs 

[RCA4, 

CCLM4-8-17, 

ALADIN52] 

(Model: WW3-

v.418) 

RCP4.5, 

RCP8.5 

DICCA 

Mediterrane

an wave 

projections  

Hs, Tm, θm Mediterra

nean Sea 

[-6,38] [30,46] 1970-

2005 

2006-

2100 

0.127°×0.09

° 

3h CMIP5 7 EURO-

CORDEX 

RCMs 

[RCA4, 

CCLM4-8-17] 

(Model: WW3-

v5.16) 

RCP8.5 DICCA, 

GENOVA 

University,  

(JRC)-EC, 

Ispra 

(Restricted) 
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

IH-GOW 

Regional 

projections  

Hs, Tm, wave 

energy flux 

Europe 

 

[-12,45] [30,72] 1975-

2004 

2010-

2039 

 

2040-

2069 

 

2070-

2099 

0.125° x 

0.125° 

daily CMIP5 Ensemble of 

17 GCMs: 

[CMCC-CMS, 

MPI-ESM-LR, 

ACCESS1.3, 

EC-EARTH, 

CMCC-CM, 

MPI-ESM-MR, 

HadGEM2-

CC, 

ACCESS1.0, 

CNRM-CM5, 

HadGEM2-

ES, GISS-E2-

R, BNU-ESM, 

HadCM3, 

CanESM2, 

MIROC4h, 

GFDL-

ESM2G, 

CanCM4] 

 

(Model: 

WW3-

v4.18+statis-

tical 

projections) 

RCP2.6, 

RCP4.5, 

RCP8.5 

IHCantabria 

(Open by 

contact) 
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

British NOC 

wave 

projections  

 

 

Hs, Tm, Tp, 

θm 

North 

Western 

Europe 

covering 

Iberian 

Atlantic 

coasts 

- - 1970-

2005 

2006-

2100 

0.083°×0.08

3° 

1 h CMIP5 GCM:  

EC-EARTH 

 

RCM: 

EURO-

CORDEX  

[RCA4] 

 

(Model: 

WW3-

v3.14) 

RCP4.5 

RCP8.5 

British 

NOC, 

Liverpool 

(Open by 

contact) 

 https://doi.

org/10.102

9/2018JC0

13866 

 

North sea 

and Baltic 

sea wave 

projections 

Hs, Tm North 

sea and 

Baltic 

sea 

[-9,31] [48,66] 1980-

2005 

2075-

2100 

0.05°×0.1° 

 

1h CMIP5 GCM:  

EC-EARTH 

 

RCP8.5 Helmholtz-

Zentrum 

Geesthacht 

Centre for 

Materials 

and 

Coastal 

Research 

(HZG) 

(Restricte

d) 

https://doi.org/10.1029/2018JC013866
https://doi.org/10.1029/2018JC013866
https://doi.org/10.1029/2018JC013866
https://doi.org/10.1029/2018JC013866
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Mediterrane

an Ocean 

surface 

wave  

projections 

Hs, Tm, Tp, 

θm 

Mediterra

nean 

-  1996-

2005 

2041-

2050 

  

2090-

2099 

1/16° x 

1/16° 

3h CMIP5 HadGEM2-

ES/SMHI-

RCA4 

atmospheri

c 

downscalin

g 

RCP8.5 ENEA 

(Open by 

contact) 

North 

Atlantic 

Ocean 

surface 

wave  

projections 

Hs, Tm, Tp, 

θm 

North 

Atlantic 

[-100,0] [25,60] 1996-

2005 

2036-

2045 

 

2081-

2099 

1/4° x 1/4° 3h CMIP5 HadGEM2-

ES  

RCP8.5 ENEA 

(Open by 

contact) 

North 

Atlantic 

Ocean 

surface 

wave  

projection 

Hs, Tm, Tp, 

θm 

North 

Atlantic 

[-100,0] [25,60] 1995-

2004 

2036-

2045 

 

2091-

2100 

1/4° x 1/4° 3h CMIP5 ACCESS RCP8.5 ENEA 

(Open by 

contact) 
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Dataset Variable Domain 

(Region) 

Coverage domain Temporal coverage Spatial 

resolution 

Temporal 

resolution 

CMIP 

phase 

GCM/ 

RCM 

scenario Institution 

(Data 

access) 

Longitude 

Interval 

Latitude 

Interval 

Historical Future 

Global 

extreme 

wave energy 

flux 

projections 

 

Mentaschi et 

al. (2017) 

Wave 

energy flux 

Global [-180,180] [-80,80] 1970-2100 1.5° x 1.5° - CMIP5 6 GCMs 

 

(Model: 

WW3-

v4.18) 

RCP8.5 JRC-EC 

(Open) 

http://data.j

rc.ec.europ

a.eu/ 

collection/L

ISCOAST 

 

https://data

.jrc.ec.euro

pa.eu/data

set/908ca3

dc-bbba-

41c6-bcbb-

4eaedc990

278 
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Annex (E): Vertical land motions  

This annex provides more details regarding the observations as well as projections of vertical land 

motion (VLM) as one of the drivers of mean sea level variations. The glacial isostatic adjustment (GIA) 

is causing vertical land motions worldwide, which are sizeable close to the ice-sheets that existed during 

the last glaciation. Its effects are currently included in state of the art sea-level projections, such as 

those published by the 6th Assessment Report of the IPCC (NASA, 2021; Fox-Kemper et al., 2021; 

Garner et al., 2021).  

Besides GIA, vertical ground motions can be caused by a number of natural and anthropogenic 

geological processes, such as tectonics or groundwater extractions (Nicholls et al., 2021). Vertical 

ground motions are generally poorly quantified. Hence, there is a need of observations to evaluate their 

current rates, and whether they are linear in time or not. Once this information is available, projections 

can be made.   

E.1 Observations of vertical ground motions 

E.1.1 Locations without observations 

Where no observation is available, previous studies have often used indirect information to infer 

potential vertical ground motions (Erikson et al., 2006) or susceptibility maps (Herrera-Garcia et al., 

2021). These maps are useful to identify potential vertical ground motions at broad scale, but the 

quantitative values that they provide often significantly differ from those inferred by regional studies, as 

shown in the Nile delta (Frihy et al., 2010; Wöppelmann et al., 2013).  

E.1.2 Pointwise observations 

The following approaches are commonly used to deliver pointwise estimates of vertical ground 

motions in a geocentric framework, see a detailed review by Marcos et al. (2019). 

* Tide gauge data either in combination with satellite altimetry datasets (Cazenave et al., 1999), or 

within a global analysis of sea-level trends, based on an analysis of residuals (Kopp et al., 2013): this 

approach delivers estimates of vertical ground motions; yet the accuracy of the measurements is less 

than 1mm/year (Wöppelmann and Marcos, 2016). Tide gauge observations can also be used.  

* Permanent global navigation satellite system GNSS stations (Santamaría-Gómez et al., 2017) 

delivering time series and trends of vertical motions in a geocentric framework such as www.sonel.org. 

Fig. E.1 shows a map that clarifies whether a GNSS station is located nearby the tide gauges to correct 

for VLM. 

http://www.sonel.org/
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Fig. E.1 GNSS stations with (colored) and without (blank) a tide gauge within 10 km, according to 

PSMSL and SONEL databases (Marcos et al., 2019). 

  

The following table summarizes the available datasets of vertical displacement and vertical velocity time 

series.  

Table (E.1) GNSS permanent network for VLM 

Dataset/GPS 

solution 

Coverage domain Start 

year 

End 

year 

Temporal 

resolution 

Data type Institution 

 Longitude 

Interval 

Latitude 

Interval 

ULR Global 1995 2014 Daily GPS record ULR (www.sonel.org) 

NGL Global 1996 2019 Daily GPS record NGL (www.sonel.org) 

JPL Global 1994 2019 Daily GPS record JPL (www.sonel.org) 

GFZ Global 1994 2015 Weekly GPS record GFZ (www.sonel.org) 

 

The advantage of using tide gauge records is the length of the observations: this allows to identify 

the onset of subsidence or any potential non-linear features. On the other hand, the advantage of using 

GNSS records is the higher precision. Yet, there are structural uncertainties that can be due to the 

shorter measurements (typically, 10 years) or changes in devices. One solution to this is to use solutions 

from different groups, who are using different processing strategies. 

 

 

http://www.sonel.org/
http://www.sonel.org/
http://www.sonel.org/
http://www.sonel.org/
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E.1.3 Maps of vertical ground motions 

Differential SAR interferometry can be used to deliver maps of subsidence with respect to a local 

terrestrial framework, with some limitations in non-urbanized areas in particular. The Sentinel-1 

satellites that have been launched since 2015 are now about to deliver a new European Ground Motion 

service (EGMS), which is included in the Copernicus Land Use Service. EGMS will be delivered during 

this year (2022), including 3 products:  

Level 2a – Basic Product: deformation velocity and time series in the Line of Sight direction. Each frame 

will be referenced with respect to one frame-specific reference point.  

Level  2b – Calibrated product: this will be a mosaic of the independent frames of the Basic Product, 

referenced in a geocentric framework using the network of permanent GNSS stations. The resolution 

of Level 2 is that of Sentinel-1.  

Level 3 – Ortho product: this includes vertical and horizontal east-west ground motion velocities, using 

the ascending and descending modes. The resolution will be 100m.  

Within CoCliCo, it is suggested to use the Level 2a, but then anchor the independent frames to 

GNSS stations and compute vertical contributions on our own. Indeed, it is unsure that the contribution 

of ongoing ice melting to GNSS vertical motions will be considered in Level 2b (Frederiske et al., 2020). 

When computing the sea-level projections, this may result in counting twice the same contribution. 

 

Fig. E.2. Area covered by the EGMS. Additional areas are covered overseas, including 

Canary and Balearic islands, Azores and Madeira and the French Departments and Regions 

(Crosetto et al., 2021). 
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E.2 Projections of vertical land motions 

Projections of vertical land motions have generally been provided in specific locations, and then 

eventually been extrapolated in-between pointwise locations. They could be carried out by means of: 

* Extrapolation in time of observed rates. 

* Considering VLMs as an additional uncertainty (Le Cozannet et al., 2019). 

* Hydrogeological modelling of VLMs that requires local to regional geological and geotechnical 

investigations, which are expensive and not available in many places. 

As mentioned in section 4.1, more details about the projection methods of the VLM employed in 

both AR5 and AR6 are provided in the chapter 9 of AR6 (Fox-Kemper et al., 2021). 

 

 

 


