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Abstract

The European Space Agency started managing an Earth Observation Programme in 1977 with the launch of its 
first meteorological satellite, Meteosat. Over the decades this has grown into a world-class fleet of satellites 
addressing a wide range of science and applications. More recently, ESA has embarked on the world’s most 
ambitious Earth Observation programme to date: Copernicus, with currently six series of Sentinels.
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Kurzfassung

Die Europäische Weltraumbehörde ESA begann 1977 mit dem Start ihres ersten Wettersatelliten Meteosat ein 
umfangreiches Erdbeobachtungsprogramm. Im Laufe der Jahrzehnte hat sich daraus eine Weltklasse-Flotte 
von Satelliten entwickelt, die ein breites Spektrum für die Wissenschaft und andere Anwendungen abdeckt. 
Vor kurzem hat die ESA das bislang ehrgeizigste Erdbeobachtungsprogramm der Welt lanciert: Copernicus mit 
derzeit sechs Sentinel-Missionen.
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1. Introduction

The European Space Agency (ESA) has been 
managing an Earth Observation Programme since 
the launch of its first Meteosat meteorological 
satellite in 1977. Following the success of this 
first mission, a subsequent series of Meteosat 
satellites, two Earth Remote Sensing satellites 
(ERS-1, ERS-2), and the Envisat mission provided 
a wealth of valuable data about Earth, its climate 
and changing environment. As a result, ESA has 
become a major provider of Earth observation 
data and stimulated the build-up of the Earth 
science community and beyond.

Started in the mid-1990s, the ESA’s Living Pla-
net Program heralded a new approach to satellite 
observations for Earth science with focused mis-
sions defined, developed, and operated in close 
cooperation with the worldwide scientific com-
munity. As time progressed, three main categories 
of ESA Earth observing missions have emerged: 
Earth Explorer, Earth Watch, and Copernicus (for-
merly GMES) Sentinel missions.

ESA also distributes satellite data from inter-
national partner agencies, so called Third Party 
Missions (TPM). The data from these missions are 
distributed under specific agreements with the 
owners or operators of those missions, which can 
be either public or private entities within or outside 
Europe.

2. ERS and Envisat
Both these missions addressed a wide range of 
environmental questions and predate the formal 
establishment of the Earth Explorer and Sentinel 
missions. The first European Remote Sensing 
Satellite (ERS-1) was launched in 1991. It was 
ESA’s first sun-synchronous polar-orbiting remote 
sensing mission. ERS-1 carried a comprehensive 
payload including an imaging Synthetic Aperture 
Radar (SAR), radar altimeter, and other instru-
ments to measure ocean surface temperature and 
winds. In March 2000, nine years after launch, a 
computer and gyro control failure led to ERS-1 
finally ending its operations after far exceeding its 
planned lifetime. 

ERS-2, which overlapped with ERS-1, was 
launched in 1995 with an additional sensor for 
atmospheric ozone research. Both satellites coll-
ected a wealth of valuable data on Earth’s land 
surfaces, oceans, and polar regions that were 
used to monitor natural disasters such as seve-
re flooding and earthquakes in remote areas of 
the world. Shortly after the launch of ERS-2 in 
1995, ESA operated the two satellites in the first 
‘tandem’ mission mode, which lasted for nine 
months. Beyond the sheer increase in revisiting 
the same site, this tandem operation boosted 
SAR-interferometry applications particularly for 
the generation of digital terrain models (DTMs). In 
July 2011, ERS-2 was retired and the process of 
de-orbiting the satellite began. 



Vermessung & Geoinformation 3/2018208

The giant Environmental Satellite (Envisat) was 
launched in 2002. The largest Earth observing 
satellite ever built by any space agency, it was 
an advanced polar-orbiting satellite that provided 
measurements of the atmosphere, ocean, land, 
and ice for over 10 years, double its initially plan-
ned lifetime. Envisat’s ambitious and innovative 
payload provided new Earth science data and 
also ensured the continuity of the data from the 
two ERS satellites. Exceeding its predicted life-
time by a factor of three, the end still was sudden. 
In April 2012, contact with Envisat was lost wit-
hout warning, likely as a consequence of a failure 
in the power-regulator or a short-circuit. However, 
ten years of Envisat’s archived data continue to 
be exploited for studying our planet with demand 
remaining very high even today.

3. Earth Explorer Missions
The Earth Explorers are research missions desig-
ned to address key scientific challenges identified 
by the science community, while demonstrating 
breakthrough technology in observing techniques. 
These missions involve the science community 
right from the beginning in the definition of new 
missions followed by a peer-reviewed selection 
process ensuring that the resulting mission is de-
veloped efficiently, and provides the data required 
by the user. This approach also gives Europe an 
excellent opportunity for international cooperation 
with the global scientific community and in the 
area of technological development. It should be 
added that some Earth Explorer missions also 
feature an operational perspective.

GOCE: Launched in 2009, the Gravity field and 
steady-state Ocean Circulation Explorer (GOCE) 
mission was the first of the Earth Explorers. GOCE 
was designed to provide information for under-
standing critical Earth system variables, such as 
ocean circulation, sea-level change and variations 
in ice cover driven by the Earth’s gravitational 
field. The gravitational gradients were measured 
by a set of six three-axis accelerometers. GOCE 
provided data to accurately determine global and 
regional models of Earth’s gravity field and geoid, 
the shape that the surface of the oceans would 
take under the influence of Earth’s gravitation and 
rotation alone. This advanced research in areas of 
ocean circulation and ocean dynamics, physics 
of Earth’s interior, geodesy and surveying, and 
sea-level change.

All mission requirements had been met by the 
end of 2012. GOCE went on to map gravity sig-

nals significantly beyond its original goal of 100 
km altitude resolution. The advance meant that for 
the first time, global ocean currents could be ext-
racted directly from satellite altimetry data. At the 
end of January 2012, GOCE’s orbit was lowered 
to 235 km, increasing the accuracy and resoluti-
on of the measurements to 80 km and improving 
GOCE’s view of smaller ocean dynamics. The 
satellite was further lowered to 225 km at the end 
of May 2013 and re-entered Earth’s atmosphere in 
November 2013.

SMOS: Also launched in 2009, the Soil Moistu-
re and Ocean Salinity (SMOS) mission is making 
global observations of soil moisture and ocean 
salinity using a unique L-Band Radiometer Mic-
rowave Imaging Radiometer with Aperture Syn-
thesis (MIRAS). Soil moisture data are required 
for hydrological studies and ocean salinity data 
are vital for improving our understanding of ocean 
circulation patterns. SMOS completed its nominal 
three-year mission lifetime in November 2012, but 
continues to provide valuable results to this day, 
also beyond its initial mission objectives measu-
ring ice thickness and wind speed. 

CryoSat-2: In 2010, Europe’s first ice mission 
CryoSat-2 was launched. Its principal instrument 
is the Synthetic Aperture Radar/Interferometric 
Radar Altimeter is designed to measure centimet-
re-scale changes in thickness of ice floating in the 
oceans and the ice sheet thickness that blanket 
Greenland and Antarctica. When combined with 
other satellite data, analyses showing how the 
volume of Earth’s ice is changing leads to a better 
understanding of the relationship between ice and 
the Earth’s climate. Cryosat-2 is providing accura-
te, synoptic, Arctic measurements of ice thickness 
and column in unprecedented detail.

Swarm: Launched in 2013, Swarm is a constel-
lation of three satellites that provide high-precision 
and high-resolution measurements of the strength 
and direction of the Earth’s magnetic field using 
an advanced magnetometer, an accelerometer 
and an electric field instrument. The geomagnetic 
field models resulting from the Swarm mission 
enable new insights into the Earth’s interior. They 
further our understanding of atmospheric pro-
cesses related to climate and weather, and have 
practical applications in many different areas such 
as space weather and radiation hazards.

Aeolus: Launched on 22 August 2018, the 
Atmospheric Dynamic Mission Aeolus will advan-
ce global wind profile observations and provide 
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much-needed information to improve weather 
forecasting. Aeolus will orbit in a Sun-synchro-
nous, dusk/dawn orbit at 408 km and employ a 
highly sophisticated Doppler wind lidar with a 
large telescope that collects light backscattered 
from gas, dust, and droplets of water in the at-
mosphere. Data from Aeolus are expected to pave 
the way for future operational meteorological sa-
tellites dedicated to measuring Earth’s wind fields.

EarthCARE: With a target launch date in 2021, 
the Earth Clouds Aerosols and Radiation Explorer 
(EarthCARE) mission is being implemented in co-
operation with the Japanese Aerospace Explorati-
on Agency (JAXA). Its aim is to improve the repre-
sentation and understanding of Earth’s radiative 
balance in climate and numerical weather forecast 
models. This will be achieved by global measure-
ments of the vertical structure and horizontal dis-
tribution of cloud and aerosol fields together with 
outgoing radiation. The payload comprises two 
active instruments: a high-resolution atmospheric 
lidar and radar, and two passive instruments: a 
multispectral imager and a broadband radiometer. 
EarthCARE will orbit in an early afternoon sun-
synchronous orbit at 393 km.

Biomass: This mission will employ a novel P-
band synthetic aperture polarimetric radar ope-
rating at 435 MHz and a 6 MHz bandwidth. The 
satellite will fly at 637-666 km in a near polar 
sun-synchronous orbit, and will address one of 
the most fundamental questions in our understan-
ding of the land component in the Earth system, 
namely the status and the dynamics of forests, as 
represented by the distribution of biomass and 
how it is changing. Biomass will greatly improve 
our knowledge about the terrestrial carbon pool 
and fluxes. In addition, the mission responds to 
the pressing need for biomass observations in 
support of global treaties such as the United Na-
tions Framework Convention on Climate Change 
initiative for the Reduction of Emissions due to 
Deforestation and Forest Degradation.

FLEX: In November 2015 ESA Member Sta-
tes selected the Fluorescence Explorer (FLEX) as 
the eighth Earth Explorer, following a User Con-
sultation Meeting in September 2015. FLEX is a 
three-year mission slated for launch in 2022. It 
will globally monitor the steady-state chlorophyll 
fluorescence in terrestrial vegetation. FLEX inclu-
des three instruments to measure the interrelated 
features of fluorescence, hyperspectral reflec-
tance, and canopy temperature. FLEX will orbit 

in tandem with one of the Copernicus Sentinel-3 
satellites.

Earth Explorers 9 and 10: For Earth Explorer 
9, a call for proposals was published in 2016. Out 
of the 13 concepts received, two candidates were 
selected to enter a competitive feasibility phase. 
These two candidates will spend the next two 
years being studied thoroughly. In 2019, a User 
Consultation Meeting will be held, after which a 
decision will be taken by ESA’s Member States as 
to which of the two contenders will be implemen-
ted. Earth Explorer 9 is foreseen to be launched 
in 2025.

A Call for Mission Ideas, initiating the process 
for Earth Explorer 10, was released in Septem-
ber 2017. Three candidates to enter Phase 0 
studies have been selected in September 2018. 
The launch of Earth Explorer 10 is foreseen for 
2027/28.

4. Earth Watch Missions
The Earth Watch missions are designed to provide 
Earth observation data for services, including those 
of the European Organisation for the Exploitation 
of Meteorological Satellites (EUMETSAT), whose 
main purpose is to deliver operational weather 
and climate-related satellite data, images, and 
products to the European National Meteorological 
Services as well as to other users worldwide. The 
ESA-EUMETSAT partnership was established in 
1986 and was implemented with a series of geo-
stationary (Meteosat) and polar orbiting (MetOp) 
satellites, where ESA builds the satellites that are 
then operated by EUMETSAT. 

Meteosat Second Generation (MSG) is a sig-
nificantly enhanced, follow-on system to the first 
generation of Meteosat (MFG). MSG consists of 
a series of four geostationary meteorological sa-
tellites, along with a ground-based infrastructure, 
that will operate consecutively until 2020. The last 
MSG satellite, MSG 4, was launched in July 2015. 
The MSG satellites carry two instruments. The 
Spinning Enhanced Visible and InfraRed Imager 
(SEVIRI), which has the capacity to observe the 
Earth in 12 spectral channels and provide image 
data that are core to operational forecasting 
needs, and the Geostationary Earth Radiation 
Budget (GERB) instrument supports climate stu-
dies.

The Meteosat Third Generation (MTG) satellite 
programme will bring a step change in capability 
for operational meteorology. The programme will 
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guarantee access to space-acquired meteorolo-
gical data until, at least, the late 2030s. MTG will 
continue visible and infrared imagery and infrared 
and ultraviolet/near infrared sounding observa-
tions from geostationary orbit that will result in 
three-dimensional information on humidity, tem-
perature, and wind to support Nowcasting. 

The series will comprise six satellites: four 
MTG-I imaging and two MTG-S sounding satel-
lites. The two types will be positioned over the 
same longitude in their geostationary orbits. The 
sounding element will also host the Copernicus 
Sentinel-4 air quality observatory (see below). 
The first MTG satellite is planned to be launched 
around 2020/2021.

The EUMETSAT Polar System (EPS) is Europe’s 
first polar-orbiting operational meteorological sa-
tellite system, and it is the European contribution 
to the Initial Joint Polar-orbiting Operational Sa-
tellite System (IJPS), a joint effort between EU-
METSAT and NOAA. EUMETSAT’s polar-orbiting 
satellites (i.e. MetOp satellites) carry a set of state-
of-the-art sounding and imaging instruments that 
offer improved atmospheric sounding capabilities 
to both meteorologists and climatologists.

The EPS Space Segment includes three suc-
cessive MetOp satellites and is being developed 
and procured in cooperation between ESA and 
EUMETSAT. MetOp-A was launched in 2006 
and MetOp-B in September 2012. In April 2013, 
MetOp-B replaced MetOp-A as the EUMETSAT 
prime operational polar-orbiting satellite, following 
the end of its commissioning period. MetOp-C is 
slated for launch in November 2018. With combi-
nations of instruments onboard MetOp satellites 
have remote sensing capabilities to observe the 
Earth during day- and night-time hours, as well as 
under cloudy conditions.

The follow-on EUMETSAT Polar System is now 
under way to replace the current satellite system 
in the 2020 timeframe and to contribute to the 
IJPS. Started in 2005 under the name of Post-
EPS, the activities have been endorsed in 2012 
under a new programme called MetOp Second 
Generation (MetOp-SG). Comprising six MetOp 
Second Generation satellites in total, this pro-
gramme is based on pairs of satellites that carry 
different packages to deliver complementary me-
teorological information. The A series of satellites 
will be equipped with atmospheric sounders as 
well as optical and infrared imagers, while the B 
series focuses on microwave sensors. In addition, 

the A series will carry the Copernicus Sentinel-5 
instrument on behalf of the European Commissi-
on. Each satellite will be launched separately. It is 
envisaged that the first satellites will be launched 
in 2022.

5. The Sentinel Missions
Copernicus is the world’s most ambitious Earth 
observation programme. It is Europe’s answer to 
global needs, allowing to manage the environ-
ment, to mitigate the effects of climate change 
and to ensure civil security. Copernicus is led by 
the European Union, with ESA being the coor-
dinator of the space component. The Sentinels 
form the dedicated part of the Copernicus Space 
Component. Currently there are six Sentinel fa-
milies, as detailed below. The missions feature 
constellations of two satellites to provide robust 
datasets for operational services. Additional 
families of Sentinels are being considered in the 
context of the Copernicus evolution. 

Sentinel-1 is a polar-orbiting, all-weather, day-
and-night mission featuring a C-band Synthetic 
Aperture Radar (SAR) supporting Copernicus 
operational services for land, marine, and risk 
monitoring. The first satellite, Sentinel-1A, was 
launched in April 2014, and Sentinel-1B in April 
2016.

Sentinel-2 is a polar-orbiting, multispectral 
high-resolution imaging mission for Copernicus 
land monitoring to provide imagery of vegetati-
on, soil and water cover, inland waterways, and 
coastal areas. Sentinel-2 will also provide infor-
mation for emergency services. The first satellite, 
Sentinel-2A, was launched in June 2015, and 
Sentinel-2B in March 2017. 

Sentinel-3 is a mission composed of two ope-
rational satellites with a one day (land) and a two 
day (ocean) revisit time. Each satellite will carry 
an Ocean and Land Colour Instrument (OLCI), a 
Sea and Land Surface Temperature Radiometer 
(SLSTR) and a microwave payload including a 
SAR Radar Altimeter (SRAL) and a two frequency 
Microwave Radiometer (MWR). This mission will 
support activities in the field of topography, sea 
and land surface temperature, ocean carbon, and 
land colour. The first satellite, Sentinel-3A, was 
launched in February 2016, and Sentinel-3B in 
April 2018.

Sentinel-4 is a payload devoted to atmospheric 
monitoring that will be embarked on an MTG-S 
satellite. Ultraviolet and near infrared spectro-
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meters will be used to continuously monitor air 
pollution and its precursors from North Africa to 
northern Europe at a 6 × 6 km2 spatial and one 
hour temporal resolutions. 

Sentinel-5 Precursor is a polar sun-synchro-
nous mission scheduled to launch in 2015 to redu-
ce data gaps between Envisat and Sentinel-5 for 
global atmospheric composition measurements 
including ozone, aerosols and atmospheric pollu-
tion precursors. The instrument is a follow-on to 
the Ozone Monitoring Instrument (OMI) flying on 
the NASA’s Aura satellite with additional channels 
in the near infrared. Sentinel-5P was launched in 
October 2017.

Sentinel-5 is a payload that will monitor the at-
mosphere from polar orbit aboard a MetOp-SG A 
satellite. It will continue the atmospheric com-
position data collected from Envisat and employ 
ultraviolet and infrared spectrometers that will the 
measure profiles and column amounts of trace 
gases and aerosols important in atmospheric che-
mistry and climate.

Sentinel-6 carries a radar altimeter to provide 
high-precision and timely observations of the to-
pography of the global ocean. This information is 
essential for the continued monitoring of changes 
in sea level, a key indicator of climate change. 
It is also essential for operational oceanography. 
Sentinel-6 builds on heritage from the Jason 
series of ocean topography satellites and from 
ESA’s CryoSat mission. Sentinel-6 is designed to 
complement ocean information from Sentinel-3.

6. Outlook
ESA’s Earth science program has been steadily 
growing since the 1990’s. Distributing high-quality 

data and building on continuous technological 
progress driven by the computer and internet 
revolution, the “free & open” data policy has been 
the ultimate accelerator in guaranteeing the maxi-
mum exploitation of ESA data.

Copernicus has kicked off a new era of opera-
tional Earth observation, leaving the initial “pure 
science and technology” phase behind and mee-
ting with huge user interest: By October 2018, 
more than 174.000 users have registered on the 
Copernicus open access hub, and more than 96 
PB of Copernicus data have been downloaded 
from this hub. 

Currently Earth Observation is experiencing 
major trends and paradigm shifts, such as expo-
nential growth in availability of data, the impact 
of big data and cloud processing, the entrance of 
new private and institutional actors into the field, 
the multiplication of national initiatives in Earth 
Observation, as well as the emergence of venture-
capital funded micro-satellite constellations. In 
addition, advances in on-board technologies are 
constantly improving spatial resolution and mea-
surement accuracies.

ESA is taking adequate measures to stay on 
top of these developments. With its suite of missi-
ons and programmes, ESA is devoted to bringing 
the benefits of space based Earth observation to 
citizens in Europe and worldwide. 
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