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SHORT ABSTRACT FOR DISSEMINATION PURPOSES 
 

Abstract  The "Report and dataset from satellites" outlines the potential 
of satellite data and highlights how AIMS promotes the 
advancement of these data sources. Despite the limited 
number of measurable parameters, the complexity of access 
and management, and the discontinuous spatial and 
temporal availability, satellite data remains highly promising 
but not yet fully exploited. These limiting factors hinder the 
optimal use of satellite information. However, the potential for 
such data to enhance the understanding and monitoring of 
environmental phenomena remains high, and AIMS points to 
unlock this potential. By integrating various satellite and in-
situ sources and applying artificial intelligence models, AIMS 
seeks to overcome current challenges, promoting a more 
efficient and extensive use of satellite and in-situ data. 
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EXECUTIVE SUMMAY 
 
The "Report and dataset from satellite" offers a comprehensive framework 
for understanding the potential of satellite data by examining its limitations 
and benefits. This document outlines the main characteristics of wave and 
wind satellite measurements, providing an overview of the altimetric and  
scatterometric methodology, satellite data processing, and the various 
satellite products available. Additionally, it details the satellite dataset 
obtained to support AIMS activities. 
 
Satellite data collection techniques, including in-situ measurements, 
satellite remote sensing, and numerical modelling, are explored in depth. 
Significant attention of the delivered product is paid to the radar altimeter 
and scatterometer technique used for satellite measurements, which use 
active systems to measure wave and wind characteristics. The ability of 
these methods to work at any time of day makes them particularly effective 
and powerful.  
Two fully calibrated and validated satellite data products, 
WAVE_GLO_PHY_SWH_L3_NRT_014_001 and 
WIND_GLO_PHY_L3_NRT_012_002 product, are identified as the most 
promising ones for AIMS applications. An explanation of the reasons and 
rationale behind the choice is given. 
Moreover, the deliverable specifies the spatial and temporal features of the 
satellite dataset obtained for AIMS, focusing on the marine area between 
42°N and 44.5°N latitude and 9°E and 11°E longitude. Finally, the deliverable 
provides information on the dataset files delivered.  
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1. SATELLITE TECHNIQUES 
 
Wave and wind data sources can be classified by the technique used in 
collecting the information: the in-situ instruments, satellite remote-sensing 
and numerical modelling are the main data sources (Holthuijsen, 2010). 
The in-situ technique involves the direct measurement of the variables of 
interest offering a high-quality data, obtained through the installation of the 
sensor directly on the observation site. In-situ measurements are known for 
their accuracy and directly record the behaviour of waves and winds at the 
exact observation point. However, their implementation may be limited by 
narrow spatial coverage, frequent data losses due to malfunctions and the 
need to install instruments in specific locations, characterized by high times 
and costs.  
Satellite techniques, on the other hand, allow measurements of the 
parameters of interest to be collected from a distance, through the use of 
sensors mounted on satellites in Earth orbit. This approach offers global 
coverage and a comprehensive view of oceanic and atmospheric 
phenomena (Young, 2019). Although satellite measurements are generally 
accurate, they can have limitations in terms of spatial and temporal 
resolution. However, due to their ability to monitor large areas efficiently, 
they are invaluable for understanding large climate patterns and variations 
on a global scale and are frequently used for numerical modelling 
calibrations and validations (Ribal, 2019). 
Finally, numerical modelling techniques are based on the use of 
mathematical models to simulate environmental phenomena. This 
approach allows to obtain hindcasts and forecasts based on empirical or 
physically based equations describing the behaviour of waves (Thomas, 
2015) and winds (Martinez-Garcia, 2021). While numerical modelling 
provides useful data, it is important to consider that the accuracy of that 
output data depends on the quality of the input data and the accuracy of 
the model itself. It is essential to calibrate and validate the model before 
using its data. This activity is generally carried out comparing satellite and 
in-situ data with numerical one. 
 
Among these categories, in-situ measurements are often the most used, 
due to their high accuracy. They provide time series of the parameters of 
interest generally at a regular sampling rate, usually hourly. However, they 
may be subject to malfunctions and damage due to the harsh environment 
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in which they are installed. In contrast, satellite data is reliable as it is not 
subject to the same environmental risks as in-situ instruments. They can 
cover larger areas but may be affected by spatial and temporal resolution 
limitations while maintaining high accuracy. Satellite measurements 
provide information on offshore waves and winds through observations 
made above the sea surface, with sensors mounted on satellites and based 
on the reception of signals reflected from the sea surface itself. 
 

1.1 Radar altimeter and scatterometer technique 
 
Satellites typically carry one or more instruments on board and operate 
across different bands of the electromagnetic spectrum, from visible to 
microwave wavelengths. This enables simultaneous measurement of a 
multitude of environmental parameters through various sensors. 
 
A key distinction from traditional in-situ wave recorders and satellite 
measurements lies on the temporal and spatial approach. In-situ sensors 
monitor the temporal movement of the water surface and wind speed at 
specific point and compute the parameters of interest through statistical 
analyses based on the temporal evolution of these phenomena, usually on 
a 30-minute time window. Otherwise, satellite sensors interrogate a larger 
zone, called footprint, having an average coverage of 50 square kilometres. 
They provide measurements of average conditions over the entire footprint 
area, with a much shorter measurement period, usually lasting only a few 
fractions of seconds. 
 
Various satellite instruments are employed to observe the ocean surface 
and measure wave characteristics. These instruments utilize different 
techniques and technologies to gather valuable data for oceanographic 
research. In particular, active radar remote sensing systems such as 
altimeters and scatterometers are advanced instruments that play an 
essential role in acquiring information about wave and wind characteristics. 
These systems operate by sending a signal and receiving its echo, allowing 
for the detection and mapping of various attributes of the observed 
environment (Vignudelli, 2023) (Liu, 2002). Processing the return signal in 
terms of time enables the calculation of wave and wind parameters. One of 
the most significant advantages of active radars lies in their ability to 
operate effectively under a wide range of conditions, making them highly 
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versatile tools for various applications. For instance, radar altimeters 
demonstrate exceptional performance both during the day and at night, as 
well as in adverse weather conditions such as heavy cloud cover or 
precipitation. This capability allows them to overcome the limitations of 
many traditional observation methods, which are often hindered by 
environmental factors like poor visibility or the presence of clouds. Moreover, 
scatterometers, offer valuable insights by measuring surface properties 
such as wind speed and direction over oceans. However, it is important to 
note that their sensitivity to the presence of rain can sometimes affect the 
accuracy of the measurements. Despite this limitation, their ability to 
function in diverse weather conditions and deliver critical data makes active 
radars indispensable in fields like meteorology, aviation, and environmental 
monitoring. 
 

1.1.1 Significant wave height and wind speed measurements from 
altimeter 

 
Satellite-mounted radar altimeters play a crucial role in ocean observations 
by measuring the radar echo bounced off the ocean surface, known as the 
ocean waveform (Figure 1). This waveform contains valuable information 
about the dynamics of the ocean.  
 

 
Figure 1 - Waveform obtained by a radar echo reflected from the sea surface 
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The slope of the leading edge of the waveform, especially the first edge of 
the pulse, is of considerable importance in determining the significant wave 
height (Chelton, 2001). When the ocean surface is flat since no waves are 
occurring, the reflection from the surface is completely mirrored, resulting in 
a vertical leading edge of the waveform. However, the presence of ocean 
waves alters this scenario, causing the leading edge of the waveform to tilt. 
This skew occurs because the part of the signal reflected from the wave 
crests reaches the altimeter before the part reflected from the wave trough, 
creating a spectrum of intermediate reflections.  
 
Furthermore, the amplitude of the waveform provides information on the 
speed of the wind. The presence of wind disturbs the sea surface, making it 
rough and dispersing the radar signal in various directions. As a result, only 
part of the echo is received by the altimeter. In particular, the stronger the 
wind, the rougher the surface becomes, resulting in a decrease in the signal 
received by the altimeter. Therefore, the analysis of waveform amplitude 
allows the estimation of the wind speed at the water surface. 
 
In particular, altimetric measurements are based on three methods: LRM 
(Low Resolution Mode), SAR (Synthetic Aperture Radar ) altimetry and PLRM 
(Pseudo Low Resolution Mode). The LRM is the conventional method and 
constructs a waveform by measuring the reflected signal as it spreads 
radially across the surface. However, recent technical advances have made 
it possible to use a SAR approach, which exploits delay/Doppler effects in 
the returning signal. The latter approach, employed by CryoSat's SRAL and 
Sentinel-3 altimeter, offers higher resolution than its LRM counterpart. SAR in 
altimetry is a higher resolution technique that allows for high-density data 
collection over a smaller footprint area. 
Finally, PLRM is a processing technique that emulates LRM mode using data 
collected in SAR mode. The PLRM is designed to provide continuity with 
historical LRM data by processing the data in SAR mode to mimic the 
characteristics of LRM measurements. This approach allows comparison 
and combination of SAR and LRM datasets, facilitating long-term climate 
studies and other applications that rely on consistent data records. 
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1.1.2 Wind speed and direction measurements from scatterometers 
 
Scatterometers are specialized active remote sensing instruments 
designed to measure wind speed and direction over the ocean by analyzing 
the roughness of the sea surface. Operating similarly to radars, 
scatterometers emit electromagnetic pulses toward the Earth's surface and 
detect the backscattered signals. This interaction provides valuable insights 
into the wind-driven ripples and surface perturbations on the ocean, which 
directly affect radar reflectivity. 
 
The principle behind scatterometry relies on the relationship between radar 
backscatter and wind-induced surface roughness. When wind interacts 
with the ocean surface, it generates small ripples. The energy in these ripples 
increases with wind velocity, causing a proportional increase in radar 
backscatter intensity. By recording changes in radar reflectivity, 
scatterometers can infer wind patterns with high accuracy. 
 
Transforming scatterometer measurements into actionable wind data 
involves a multi-step process to ensure accuracy and reliability. The first 
step is the use of Numerical Weather Prediction (NWP) models (Liu W. T., 
1998) to exclude regions of land and sea ice from the retrieval process, 
allowing the focus to remain solely on oceanic areas. Following this, the raw 
backscatter measurements, referred to as sigma naught values, undergo 
rigorous quality control to remove any noise or inaccuracies. 
To derive wind speed and direction, these sigma naught values are 
converted using the Geophysical Model Function (GMF) (Ricciardulli, 2015), 
an essential tool that establishes the relationship between radar 
backscatter and wind characteristics. This model can either be empirical or 
semi-empirical in nature. Finally, since each measurement can produce 
multiple possible solutions for wind direction and speed, advanced 
algorithms are employed to resolve these ambiguities. By utilizing spatial 
consistency patterns and NWP forecasts, the most plausible wind vectors 
are selected, ensuring the data's reliability for scientific and operational 
applications. 
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1.2 Radar altimeter and scatterometer data processing 
 
Typically, satellite observations are delivered with different data processing 
levels according to the systematic operations carry out on the data: 
 

• Level-0 (L0): This product involves raw data extracted and decoded 
from the instrument's source package. 

• Level-1 (L1): At this level, Level-0 data undergo correction for 
instrumental effects, with special attention given to factors like date 
and location variables. 

• Level-2 (L2): Level-1 data are further processed to correct for 
geophysical effects, and parameters of interest are calculated. 

• Level-3 (L3): Data at this stage are calibrated and validated using in-
situ instruments and other satellite measurements. 

 
The main focus of AIMS activity is addressed to Level-3 data products due 
to their provision of accurate and calibrated values of wave and wind 
information. In contrast, Level-2 data requires preprocessing before use, as 
it may contain measurement errors and noise. Additionally, L2 products are 
not calibrated against other satellite and in-situ data sources. 
Since the accuracy of the data obtained by AIMS through artificial 
intelligence algorithms depends significantly on the precision of the input 
datasets and the correct implementation of the models, the use of L3 
products is advantageous since these products offer higher reliability and 
accuracy compared to L2 products. 
 

2. COPERNICUS MARINE SERVICE WAVE-TAC 
 
The Copernicus Program is the Earth observation program of the European 
Union (Jutz, 2020), dedicated to monitoring our planet and its environment 
for the maximum benefit of all European and global citizens.  
One of the specific Copernicus programs is the Copernicus Marine Service, 
which focuses on ocean monitoring (Le Traon, 2019). This service provides 
free, open, standardized and systematic reference information on the state 
of the oceans, sea ice and biogeochemical aspects. It also analyses the 
variability and dynamics occurring in the global ocean and European 
regional seas. 
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Collecting and analysing ocean data is critical to Earth's survival, helping us 
understand and predict changes in climate, weather, oceans and coasts. 
Indeed, Copernicus Marine has one of the largest gatherer of high-quality 
ocean data, derived from satellites, in-situ sensors and numerical models 
covering the global ocean. Wave and wind measurements derive by 
multiple missions and sensors and data correction is based on the 
intercalibration of measurements between different satellites and in-situ 
buoys. This methodology guarantees accurate and reliable data, essential 
for oceanographic and climate analyses. 
 
The L3 products selected as suitable for the purpose of the activity are 
WAVE_GLO_PHY_SWH_L3_NRT_014_001 and 
WIND_GLO_PHY_L3_NRT_012_002. In particular, they have the following 
characteristics: 

• Provide crucial parameters such as significant wave height (Hs), wind 
speed at 10 meters above sea level (W10m) and wind direction (Wdir). 

• Provides a calibrated and validated dataset ensuring that 
measurements are reliable, allowing AIMS to apply artificial 
intelligence models to accurate datasets and understand ocean and 
atmospheric dynamics. 

• Consists of a multitude of satellite constellations, improving temporal 
and spatial resolution compared to using a single constellation.  

• The update every 3 hours allows you to obtain continuous data and 
guarantee monitoring even in future phases of the AIMS project.  

 
2.1 WAVE_GLO_PHY_SWH_L3_NRT_014_001 product 

 
Numerous efforts have been undertaken to generate reliable and cohesive 
datasets from various altimetry missions. These efforts aim to improve the 
accuracy and usability of data collected by satellites. In this context, the 
WAVE_GLO_PHY_SWH_L3_NRT_014_001 Level-3 product (Charles, 2021) 
provides calibrated and validated satellite wave and wind measurements 
suitable for AIMS’ objectives. This product is provided by WAVE-TAC (Ollivier, 
2024) and includes only valid data, based on rigorous quality control and 
calibration processes. The altimetry measurements included in these 
datasets are based on the Sentinel-6A, Jason-3, Sentinel-3A, Sentinel-3B, 
SARAL/AltiKa, CryoSat-2, HaiYang-2B, HaiYang-2C, CFOSAT, and SWOT 
satellite missions.  
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In particular, data from these missions is cross-calibrated using reference 
missions to ensure consistency and accuracy. Such reference missions are 
Jason-3 until April 2022 and Sentinel-6A thereafter. Furthermore, an 
intercalibration is carried out between satellite measurements and in-situ 
instrument recordings, ensuring that the datasets are robust and reliable. 
 

2.2  WIND_GLO_PHY_L3_NRT_012_002  product 
 
The WIND_GLO_PHY_L3_NRT_012_002 Level-3 product offers gridded 
ocean wind observations derived from available scatterometer data. These 
observations are processed to match the resolutions of the Level-2 swath 
products, ensuring detailed and accurate wind information ((CMEMS)., 
2025). 
The dataset encompasses measurements from various satellite missions, 
including Metop-B ASCAT, Metop-C ASCAT, HY-2B HSCAT, HY-2C HSCAT, and 
Oceansat-3 OSCAT. Each mission contributes to a comprehensive and 
cohesive dataset, providing a global perspective on sea surface wind 
patterns. 
To ensure consistency and reliability, the data undergo rigorous quality 
control and calibration processes. Moreover, the product is provided by the 
Copernicus Marine Service in near-real-time way, facilitating timely access 
to critical wind information for both scientific research and operational use. 
 

3. AIMS SATELLITE DATASET 
 
From the WAVE_GLO_PHY_SWH_L3_NRT_014_001 and 
WIND_GLO_PHY_L3_NRT_012_002 Level-3 product, wave and wind data are 
extrapolated specifically to the marine area of interest. In particular, the 
region between 42°N and 44.5°N latitude and 9°E and 11°E longitude is the 
area of analysis. Satellite measurements belonging to this region are 
acquired by Copernicus Marine Viewer4 (MyOcean Pro) portal. 

 
 
 
4 https://data.marine.copernicus.eu/viewer/  

https://data.marine.copernicus.eu/viewer/
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Figure 2 – Example of MyOcean Pro portal in regard to the global significant wave height 

 

Figure 3 - Example of MyOcean Pro portal in regard to the global wind speed 

 
As regards the temporal coverage, it is complete with respect to the data 
available up to 27/May/2024. This spatial and temporal selectivity ensures 
that the analysis is focused and relevant, providing precise and as extensive 
information as possible for the study region. 
It is important to note that the temporal coverage mentioned does not 
necessarily correspond to the temporal coverage of the space mission. In 
fact, not the entire L2 coverage period is used for obtaining L3 data. This 
implies that L3 time series may have a shorter temporal coverage than the 
satellite mission itself and that this coverage may also vary depending on 
the analyzed parameters in relation to the instrument that measured them. 
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Specifically, the HaiYang-2B and HaiYang-2C satellites are equipped with 
both an altimetric instrument and a scatterometer; however, the acquisition 
of L3 data is linked to the analysis of data specific to each instrument, 
thereby making their temporal coverage independent. 
The following table provides a general overview of the altimeter and 
scatterometer data included in the Level-3 product and detailed 
information on the parameters provided. Specifically, it is highlighted which 
instruments provide significant wave height (Hs) and wind speed at 10 m 
above sea level (W10m) through the altimetric instrument, and which ones 
provide the equivalent neutral wind speed (We10m) and wind direction 
(Wdir) based on scatterometric measurements. 
 

Table 1 - Overview of the operating mode and parameters obtained from the satellites 

Satellite Parameter Instrument 
CFOSAT Hs altimeter 
Cryosat-2 Hs and W10m altimeter 
HaiYang-2B Hs, W10m, We10m and 

Wdir 
Altimeter and 
scatterometer 

HaiYang-2C Hs, W10m, We10m and 
Wdir 

Altimeter and 
scatterometer 

Jason-3 Hs and W10m altimeter 
SARAL-Altika Hs and W10m altimeter 
SWOT Hs and W10m altimeter 
Sentinel-3A Hs and W10m altimeter 
Sentinel-3B Hs and W10m altimeter 
Sentinel-6A Hs and W10m altimeter 
Metop-A We10m and Wdir scatterometer 
Metop-B We10m and Wdir scatterometer 
Metop-C  We10m and Wdir scatterometer 
HaiYang-2D We10m and Wdir scatterometer 
Oceansat-3 We10m and Wdir scatterometer 
Scatsat-1 We10m and Wdir scatterometer 

 
As shown in the table, all satellites included in the 
WAVE_GLO_PHY_SWH_L3_NRT_014_001 product, except for CFOSAT, 
provide significant wave height and wind speed at 10 meters above sea 
level. For CFOSAT, formulations to derive wind speed from the waveform 
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have not been developed. Consequently, while CFOSAT contributes valuable 
data regarding wave height, it does not provide wind speed measurements, 
distinguishing it from the other satellites in the dataset. 
Regarding the wind speed measurements provided by scatterometers, it is 
important to highlight that these represent the equivalent neutral wind 
speed. In the scientific literature, this parameter is often treated as a reliable 
proxy for the actual wind speed in marine environments, effectively serving 
as the standard wind metric used in analyses (Liu W. T., 2010). For this reason, 
it has been incorporated into the AIMS dataset to enhance the breadth of 
available information, ensuring greater spatial and temporal coverage. This 
inclusion aims to bolster the dataset's utility for detailed marine studies and 
operational applications. 
 

3.1  Temporal coverage 
 
The time coverage analysis of various satellite missions is provided, focusing 
on both the time span of the dataset and the cycle length of each satellite. 
The time frame refers to the period between the first measurement provided 
by the L3 products and the last measurement acquired for the creation of 
this deliverable. Cycle duration indicates the time it takes for the satellite to 
complete a full sequence of orbits, covering the entire Earth's surface. This 
cycle duration is essential for understanding how often the satellite revisits 
the same location. 

Table 2 – Satellite temporal coverage included in 
WAVE_GLO_PHY_SWH_L3_NRT_014_001 

Satellite Time span Cycle duration [days] 
CFOSAT Jan 2021-present 13 
Cryosat-2 Jan 2021-present 29 
HaiYang-2B Jan 2021-present 14 
HaiYang-2C Dec 2022-present 10 
Jason-3 Jan 2021-present 10 
SARAL-Altika Jan 2021-present 35 
SWOT Aug 2023-present 28 
Sentinel-3A Jan 2021-present 27 
Sentinel-3B Jan 2021-present 27 
Sentinel-6A Sep 2021-present 10 
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Table 3 - Satellite temporal coverage included in  
WIND_GLO_PHY_L3_NRT_012_002 

Satellite Time span Cycle duration [days] 
Metop-A Jan 2021-Nov 2021 29 
Metop-B Jan 2021-present 29  
Metop-C  Jan 2021-present 29 
HaiYang-2B Jan 2021-present 14 
HaiYang-2C Nov 2021-present 10 
HaiYang-2D Oct 2022-present 10 
Oceansat-3 Apr 2024-present 2 
Scatsat-1 Jan 2021-Feb 2021 2 

 
3.1.1 Wind and wave data time series measured by altimiters 

 
An overview of the wave and wind time series provided by the altimeter of 
the various satellites in the area of interest is provided. Specifically, the 
information is referred to each individual satellite as well as a 
comprehensive summary that integrates data from all satellites. 

  
Figure 4 – Hs (figure on the left) and W10m (figure on the right) time series from CFOSAT 
in the study area 
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Figure 5 – Hs (figure on the left) and W10m (figure on the right) time series from Cryosat-
2 in the study area 

 

  
Figure 6 – Hs (figure on the left) and W10m (figure on the right) time series from HaiYang-
2B in the study area 

 

  
Figure 7 – Hs (figure on the left) and W10m (figure on the right) time series from HaiYang-
2C in the study area 
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Figure 8 – Hs (figure on the left) and W10m (figure on the right) time series from Jason-3 
in the study area 

 

  
Figure 9 – Hs (figure on the left) and W10m (figure on the right) time series from SARAL-
Altika in the study area 

 

  
Figure 10 – Hs (figure on the left) and W10m (figure on the right) time series from SWOT in 
the study area 
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Figure 11 – Hs (figure on the left) and W10m (figure on the right) time series from Sentinel-
3A in the study area 

 

  
Figure 12 – Hs (figure on the left) and W10m (figure on the right) time series from Sentinel-
3B in the study area 

 

  
Figure 13 – Hs (figure on the left) and W10m (figure on the right) time series from Sentinel-
6A in the study area 
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Figure 14 - Hs time series from all altimeters available in the study area 

 

 
Figure 15 – W10m time series from all altimeters available in the study area 

 
3.1.1 Wind data time series measured by scatterometers 

 
A comprehensive analysis of the wind speed and direction time series 
derived from scatterometers onboard various satellites in the area of 
interest is presented. Specifically, the information is detailed for each 
individual satellite, along with an integrated summary that combines data 
from all satellites. 
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Figure 16 – We10m (figure on the left) and Wdir (figure on the right) time series from 
Metop-A in the study area 

 

  
Figure 17 – We10m (figure on the left) and Wdir (figure on the right) time series from 
Metop-B in the study area 

 

  
Figure 18 – We10m (figure on the left) and Wdir (figure on the right) time series from 
Metop-C in the study area 
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Figure 19 – We10m (figure on the left) and Wdir (figure on the right) time series from 
HaiYang-2B in the study area 

 

  
Figure 20 – We10m (figure on the left) and Wdir (figure on the right) time series from 
HaiYang-2C in the study area 

 

  
Figure 21 – We10m (figure on the left) and Wdir (figure on the right) time series from 
HaiYang-2D in the study area 
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Figure 22 – We10m (figure on the left) and Wdir (figure on the right) time series from 
Oceansat-3 in the study area 

 

  
Figure 23 – We10m (figure on the left) and Wdir (figure on the right) time series from 
Scatsat-1 in the study area 

 

 
Figure 24 – We10m time series from all scatterometers available in the study area 
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Figure 25 – Wdir time series from all scatterometers available in the study area 

 
3.2  Spatial coverage 

 
The analysis of the spatial coverage of the different altimeter satellite 
missions is provided to understand the spatial characteristics of the 
measurements available. The following table illustrates several key 
parameters of satellite missions, such as the number of tracks per cycle that 
describes the number of distinct orbital paths taken by the satellite in a 
single cycle. A greater number of traces per cycle implies a greater density 
of spatial measurements. The total number of measurements is provided 
and indicates the overall amount of data collected by the satellite in the 
area of interest during the analysis period. Finally, the number of 
collocations is reported and corresponds to the satellite passages within the 
study area in the time span of the dataset. 
 

Table 4 - Satellite spatial coverage included in the area of interest considering 
WAVE_GLO_PHY_SWH_L3_NRT_014_001 

Satellite Number of tracks 
per cycle 

Total 
measurements 

Total 
collocations 

CFOSAT 394 4280 220 
Cryosat-2 840 4291 208 
HaiYang-2B 386 2238 195 
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HaiYang-2C 274 2311 128 
Jason-3 254 3886 216 
SARAL-Altika 1002 3316 174 
SWOT 584 1012 63 
Sentinel-3A 770 3623 206 
Sentinel-3B 770 3305 207 
Sentinel-6A 254 2689  124 

 
Table 5 - Satellite spatial coverage included in the area of interest considering  

WIND_GLO_PHY_L3_NRT_012_002 

Satellite Number of tracks 
per cycle 

Total 
measurements 

Total 
collocations 

Metop-A 412 40750 400 
Metop-B 412 203304 1736 
Metop-C  412 192687 1651 
HaiYang-2B 386 42557 2098 
HaiYang-2C 274 34898 1747 
HaiYang-2D 274 21389 1064 
Oceansat-3 29 697 20 
Scatsat-1 29 2372 113 

 
CryoSat-2's orbit is designed to have extended coverage of high latitudes, 
ensuring numerous orbital track crossings. Unlike sun-synchronous orbits, 
CryoSat-2's orbit is not synchronous and is meant to have frequent 
measurements of the same sea area. Similarly, SARAL-AltiKa and CFOSAT 
cover extensive marine areas, but operate in sun-synchronous orbits. This 
type of orbit allows them to provide temporally periodic observations, 
essential for continuous monitoring and long-term data collection. The sun-
synchronous orbit allows SARAL-AltiKa and CFOSAT to have precise 
repeatability of observations. Their high spatial coverage is also favored by 
the large number of orbital tracks they perform per cycle, ensuring extensive 
and detailed data collection. Other satellite missions have less space 
coverage. 
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3.2.1 Wind and wave data spatial coverage measured by altimiters 
 
A thorough examination of the spatial coverage of wind speed and 
significant wave height obtained from altimeters in the target area is 
provided. The analysis includes detailed information for each satellite 
individually, as well as a combined overview integrating data from all 
satellites. Specifically, in the following figures, each marker represents the 
central point of the measurement footprint. 
 

  
Figure 26 – Measurements spatial coverage for CFOSAT (figure on the left) and Cryosat-
2 (figure on the right) 

 

  
Figure 27 – Measurements spatial coverage for HaiYang-2B (figure on the left) and 
HaiYang- 2C(figure on the right) 
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Figure 28 – Measurements spatial coverage for Jason-3 (figure on the left) and SARAL-
Altika (figure on the right) 

 

  
Figure 29 – Measurements spatial coverage for Sentinel-3A (figure on the left) and 
Sentinel-3B (figure on the right) 

 

  
Figure 30 – Measurements spatial coverage for Sentinel-6A (figure on the left) and SWOT 
(figure on the right) 
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Figure 31 – Spatial coverage of measurements for all available altimetry data 

 
3.2.2 Wind data spatial coverage measured by scatterometers 

 
A detailed assessment of wind speed and direction spatial coverage, as 
measured by scatterometers in the target area, is presented. The analysis 
includes individual satellite data along with a comprehensive summary that 
integrates information from all satellites. In the subsequent figures, each 
marker denotes the central point of the measurement footprint. 
 

  
Figure 32 – Measurements spatial coverage for Metop-A (figure on the left) and Metop-
B (figure on the right) 
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Figure 33 – Measurements spatial coverage for Metop-C (figure on the left) and 
HaiYang-2B (figure on the right) 

 

  
Figure 34 – Measurements spatial coverage for HaiYang-2C (figure on the left) and 
HaiYang-2D (figure on the right) 

 

  
Figure 35 – Measurements spatial coverage for Oceansat-3 (figure on the left) and 
Scatsat-1 (figure on the right) 



AIMS | D1.2 Report and dataset from satellites | V 4.0 | P 
 

 

 
AIMS: Artificial Intelligence to Monitor our Seas is funded by the European Union - NextGeneration EU 
within the PRIN 2022 PNRR program (D.D.1409 del 14/09/2022 Ministero dell’Università e della Ricerca). 
This document reflects only the authors’ view, and the Commission and Ministry cannot be considered 
responsible for any use that may be made of the information it contains. 

Page 37 of 40 

 

 
Figure 36 – Spatial coverage of measurements for all available scatterometric data 

 
 

3.1 Dataset files 
 
Datasets are available in two main formats: NetCDF (Network Common Data 
Format) files and CSV (Comma-Separated Values) files. These formats are 
chosen for their ability to store large volumes of data with high efficiency 
and to facilitate interoperability between different platforms and 
applications. 
The prefix ALT is used to indicate data obtained from altimetric 
measurements, while the prefix SCAT is used to indicate data obtained from 
scatterometric measurements. The name of the reference satellite is shown 
after the prefix, followed by the wording AIMS_Dataset. 
 

3.1.1 NetCDF files 

The products are stored using the NetCDF4 format. These products fully 
comply convention ensures that the data is structured in a standardized 
manner, facilitating interoperability and sharing across various platforms 
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and applications. The adoption of the NetCDF4 format guarantees that the 
products are highly compatible and usable in a wide range of climatic and 
meteorological research contexts. 

File name of example: ALT_CFOSAT_AIMS_Dataset.nc 
 
Global Attributes: 
           Parameters  = 'Wind speed at 10 m above sea level (W10m) and significant wave height (Hs).' 
           Satellite = 'CFOSAT data delivered by WAVE_GLO_PHY_SWH_L3_NRT_014_001 product.' 
           Spatial_coverage  = 'Sea area between 42°N and 44.5°N latitude and 9°E and 11°E longitude.' 
           Temporal_coverage = 'From 01/01/2021 to 27/05/2024' 
           Long_dataset_description = 'Wind speed at 10 m above sea level (W10m) and significant wave height 
(Hs) provided by CFOSAT data delivered by WAVE_GLO_PHY_SWH_L3_NRT_014_001 dataset product (by 
COPERNICUS) and concerning the sea area between 42°N and 44.5°N latitude and 9°E and 11°E longitude.' 
           Project_description  = 'AIMS (Artificial Intelligence to Monitor our Seas) is funded by the European 
Union - NextGeneration EU within the PRIN 2022 PNRR program (D.D.1409 del 14/09/2022 Ministero 
dell’Università e della Ricerca). This dataset is included in the deliverable D1.2 Report and dataset from 
satellites.' 
 
Dimensions: 
           time = 4280 
 
Variables: 
    dateTime 
           Size:       4280x1 
           Dimensions: time 
           Datatype:   double 
           Attributes: 
                       units         = 'hours since 1900-01-01 00:00:00.0' 
                       long_name     = 'Time of the Hs and W10m satellite measutements' 
                       calendar      = 'gregorian' 
                       missing_value = 'NaN' 
    lat      
           Size:       4280x1 
           Dimensions: time 
           Datatype:   double 
           Attributes: 
                       units         = 'degrees_north' 
                       long_name     = 'Latitude of the satellite measurements' 
                       missing_value = 'NaN' 
    lon      
           Size:       4280x1 
           Dimensions: time 
           Datatype:   double 
           Attributes: 
                       units         = 'degrees_east' 
                       long_name     = 'Longitude of the satellite measurements' 
                       missing_value = 'NaN' 
    Hs       
           Size:       4280x1 
           Dimensions: time 
           Datatype:   double 
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           Attributes: 
                       units         = 'm' 
                       long_name     = 'Significant wave height provided by satellite measurements' 
                       missing_value = 'NaN' 
    W10m     
           Size:       4280x1 
           Dimensions: time 
           Datatype:   double 
           Attributes: 
                       units         = 'm/s' 
                       long_name     = 'Wind speed at 10m above sea level provided by satellite measurements' 
                       missing_value = 'NaN' 
 
 

3.1.2 CSV files 
 
CSV files are used to store data in a simple, readable tabular format. Each 
line of a CSV file represents a data record, with the fields separated by 
commas. They allow for easy viewing and manipulation of data with 
common tools such as Microsoft Excel. 
 
File name of example: ALT_CFOSAT_AIMS_Dataset.csv 

 

 
Figure 37 - Example .csv file format 

 
REFERENCES 
 
(CMEMS)., M. D. (2025, 01 24). WIND_GLO_PHY_L3_NRT_012_002. Tratto da 

https://doi.org/10.48670/moi-00182. 



AIMS | D1.2 Report and dataset from satellites | V 4.0 | P 
 

 

 
AIMS: Artificial Intelligence to Monitor our Seas is funded by the European Union - NextGeneration EU 
within the PRIN 2022 PNRR program (D.D.1409 del 14/09/2022 Ministero dell’Università e della Ricerca). 
This document reflects only the authors’ view, and the Commission and Ministry cannot be considered 
responsible for any use that may be made of the information it contains. 

Page 40 of 40 

 

Charles, E. a. (2021). WAVE Thematic Assembly Centre: 
WAVE_GLO_PHY_SWH_L3_MY_014_005.  

Chelton, D. B.-L. (2001). Satellite altimetry. International geophysics (p. 1-ii). 
Elsevier. 

Holthuijsen, L. H. (2010). Waves in oceanic and coastal waters. Cambridge 
university press. 

Jutz, S. a.-P. (2020). Copernicus: the European Earth Observation 
programme. Revista de Teledeteccion. 

Le Traon, P. Y. (2019). From observation to information and users: The 
Copernicus Marine Service perspective. Frontiers in Marine Science. 

Liu, W. T. (1998). NASA scatterometer provides global ocean-surface wind 
fields with more structures than numerical weather prediction. 
Geophysical Research Letters, 761--764. 

Liu, W. T. (2002). Progress in scatterometer application. Journal of 
oceanography, 121--136. 

Liu, W. T. (2010). Wind power at sea as observed from Space.  
Martinez-Garcia, F. P.-d.-V.-P. (2021). Review of wind models at a local scale: 

advantages and disadvantages. Journal of Marine Science and 
Engineering. 

Ollivier, A. a. (2024). Improved product quality in WAVE-TAC Copernicus 
Marine Service. Copernicus Meetings. 

Ribal, A. a. (2019). 33 years of globally calibrated wave height and wind 
speed data based on altimeter observations. Scientific data, 77. 

Ricciardulli, L. a. (2015). A scatterometer geophysical model function for 
climate-quality winds: QuikSCAT Ku-2011. Journal of Atmospheric and 
Oceanic Technology, 1829--1846. 

Thomas, T. J. (2015). Numerical wave modelling--A review. Elsevier. 
Vignudelli, S. a. (2023). Coastal Altimetry: Selected Case Studies from Asian 

Shelf Seas. Elsevier. 
Young, I. R. (2019). Multiplatform evaluation of global trends in wind speed 

and wave height. Science, 548--552. 
 


	1. SATELLITE TECHNIQUES
	1.1 Radar altimeter and scatterometer technique
	1.1.1 Significant wave height and wind speed measurements from altimeter
	1.1.2 Wind speed and direction measurements from scatterometers

	1.2 Radar altimeter and scatterometer data processing

	2. COPERNICUS MARINE SERVICE WAVE-TAC
	2.1 WAVE_GLO_PHY_SWH_L3_NRT_014_001 product
	2.2  WIND_GLO_PHY_L3_NRT_012_002  product

	3. AIMS SATELLITE DATASET
	3.1  Temporal coverage
	3.1.1 Wind and wave data time series measured by altimiters
	3.1.1 Wind data time series measured by scatterometers

	3.2  Spatial coverage
	3.2.1 Wind and wave data spatial coverage measured by altimiters
	3.2.2 Wind data spatial coverage measured by scatterometers

	3.1 Dataset files
	3.1.1 NetCDF files
	3.1.2 CSV files


	REFERENCES

