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1. The Sentinel Era

A new era for Earth Observation

Scientific Advances & Societal Benefits
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S-2A first images – Pavia / Po Valley, Italy

S2-A launched 23 June 

2015, 

• 13 Bands (VIR, NIR, 

SWIR, red edge), 

• 290km swath, 

• 10-20-60m 

resolution, 

• 10d revisit.

Image of Pavia 

acquired on 27 June 

2015 at 10:25 UTC, 

Copyright: Copernicus 

data (2015) / ESA
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Unique suite of dedicated operational EO missions

Sentinel-1 Radar Mission

Sentinel-2 High Resolution Optical Mission

Sentinel-3 Medium Res Imaging and Altimetry Mission

Sentinel-4 GEO Atmospheric Chemistry Mission

Sentinel-5P LEO Atmospheric Chemistry Missions

Sentinel-5 LEO Atmospheric Chemistry Missions

Sentinel-6 Altimetry Mission
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The Sentinel Observing System is … 

1. Multi-variate ECVs* - Ocean/Atmo/Cryo/Land

2. Global Wide coverage

3. High-res 5m - 300m, weekly revisit

4. Sustained Continuity + Routine + Operational

5. Quality Routine Cal/Val, Performance Cent

6. Open Data Cross-communities + Transparency

* Partial Contribution to Sea-ice, Glaciers, Ice Sheet, Ocean Colour, Ozone, Aerosol, 

Clouds,  Sea-Level, SST, Albedo, FAPAR, Land Cover, Fire Disturbance
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ECV and Sentinels

ECV S-1 S-2 S-3              
(Opt/Topo)

S-4 S-5P S-5

Cloud

Ozone

Aerosol

GHG

Sea Ice

Sea Level

SST

Ocean Colour

Glaciers

Land Cover

Fire

Soil Moisture

Ice Sheets
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The Sentinel Observing System is NOT … 

NOT Comprehensive       Capability Gaps ECVs*

NOT Designed for single Purpose Sub-Optimal

NOT Exploratory Measurement Earth Explorers

NOT Designed for Climate Monitoring

Accuracy / Stability ! / Consistency / [Ref Obs!]

NOT Alone Part of Integrated Observing System

Opportunity to influence requirements of the new   

generation of Sentinels to integrate R&D capability 

• E.g. Missing ECVs, Carbon Dioxide, Precipitation, Air Temperature, Radiation Budget, 

Ocean Heat Content, Ocean Acidication
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Cost of Copernicus Observing System
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Cost of weather-related catastrophes vs. Copernicus

Insured Loss (Swiss Re, 2012), Total Loss (WMO, 2014), Copernicus cost (EU, 2014)

Cost of Copernicus programme: 3.4 bn$

Insured losses: ~123 bn$

Total losses: 146.5 bn$
Hurricane 

Katrina 

(2005)

Insured losses: 35 bn$

Total losses: 50 bn$Hurricane 

Sandy 

(2012)
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2. Sustained 

Observations 

from Space
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Sentinel-1 European Radar Observatory Mission
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Sensor C-band  Synthetic Aperture Radar (SAR) - continuity of ERS-1, -2, Envisat and Radarsat

Products

L0  Compressed unfocused SAR raw data

L1 Single Look Complex (SLC)  Focused SAR complex data, geo-referenced, provided in  slant-range geometry

L1 Ground Range Detected (GRD)
 Focused SAR complex data detected, geo-referenced, multi-looked and projected to 

ground range geometry

L2  Ocean Wind Field  Ocean Wave Spectra  Surface Radial Velocity

Spatial and temporal sampling

Interferometric-Wide Swath (IWS) 250km swath – 5 x 20 m (HH+HV, VV+VH)

Wave-mode (WV) 20x20km – 5 x 5 m (HH, VV)

Extra-Wide Swath (EWS) 500km swath – 20 x 40 m ((HH+HV, VV+VH)

Strip-Map mode (SM) 80km swath – 5 x 5 m (HH+HV, VV+VH)

Repeat cycle 12 days repeat cycle (at equator) with S-1A (launched on  3 Apr 2014)

Application areas

 Land monitoring of forests, water, soil and agriculture

 Climate change detection

 Sea-ice observations and iceberg monitoring

 High resolution ice charts

 Mapping oil spills

 Sea vessel detection

Target potential ECVs

• Sea ice • Glaciers • Ice Sheets • Land cover • Soil moisture

Sentinel-1 (S-1)
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S-1 Acquisitions – High-Level Operation Plan
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Nepal Earthquake

Nepal Earthquake , 25 Apr 2015

Each interferometric fringe 

represents about 3 cm of 

deformation. The large amount of 

fringes indicates the large 

deformation pattern with ground 

motions of more than 1m.

Copyright:

Copernicus data (2015)/

ESA/Norut/PPO.labs/COMET-

ESA SEOM INSARAP study
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Subsidence in Coastal Megacities (Jakarta)
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S-1 Oil Spill and Ship detection

Sentinel-1A TOPS EW VV/VH

acquired on 19 April 2014 

Sentinel-1A TOPS EW HH/HV

acquired on 25 April 2014 

CleanSeaNet: the European satellite 
oil pollution and vessel detection 
monitoring system, operated by the 
European Maritime and Safety 
Agency (EMSA) of the European 
Commission
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S-1 Met-ocean applications

L2 Product - Significant Wave Height L2 Product - Wind Measurement

• Wave Mode (WM) imagettes indicated as 

dots

• S-1 acquired on 2014-08-24 T 17-21-27

• Strait between Sardaigna and Corsica

• IWS Double Polarisation, only VV processed
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Sentinel-1 time series (Oct.2014-Jan.2015)

GEOGLAM Asia-RICE Site: An Giang (Mekong River Delta, Vietnam)

30 Oct 2014 - VH11 Nov. 2014 - VH23 Nov. 2014 - VH05 Dec. 2014 - VH17 Dec 2014 - VH10 Jan 2015 - VH

Bouvet & Le Toan

Monitoring Rice with S-1
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Greenland
Iles Ellesmere 

(Canada)

Ice movements in Lincoln Sea

Lincoln Sea
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S-1 Sea Ice Charts
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S1A Image from 20140426 10:10 UTC

EWS mode, HH
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S-1 Sea Ice Drift
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S-1 Greenland Ice Sheet Velocity

Courtesy ENVEO IT Gmbh / 

ESA CCI Ice Sheets Project

Based on SLC products from  

S-1 IWS mode

Period: Jan-Mar 2015

(some scenes from Oct-Dec 

2014)

~ 800 scenes

~ 25 000 bursts

~ 2.7 TB of SLC data
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S-1 Ice Sheet Systematic Monitoring

Courtesy ENVEO IT Gmbh / 

ESA CCI Ice Sheets Project

Continuous Monitoring 

of Greenland margins

every Cycle  Overall 

ca 50 slices

+ Campaigns

 Allows to monitor 

outlet glaciers 

with high 

observation 

frequency 

of 12 days
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Sentinel-3
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Sensors

 OLCI: Ocean and Land Colour Instrument (21 bands / 400 nm to 1040 nm)

 SLSTR: Sea and Land Surface Temperature Instrument

 SRAL: SAR Radar Altimeter

Application areas

 Operational Oceanography (Forecasting atmospheric and oceanic conditions)

 Maritime Safety and Security (e.g. monitoring of pollution, passenger vessel safety, potential terrorist actions)

 Coastal Zone Monitoring (water quality, harmful algal blooms)

 Open Ocean and Ice Monitoring

 Atmospheric Services

 Global Land Monitoring Applications (vegetation, land cover, river and lake, DEM)

Target potential ECVs

• Cloud • Aerosol • SST • Ocean Colour • Land cover • Fire

• Sea Ice • Ice Sheets • Sea Level

Expected launch date

o 2015 (S-3A) and 2017 (S-3B)

Sentinel-3 (S-3)
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S-3 like Sea Level Rise

Flood damage in the world's major coastal cities may top $1 trillion a year by 2050 due to rising seas and 

subsiding land, according to a World Bank study in Nature Climate Change. Hallegatte, S. et al: Future flood 

losses in major coastal cities. Nature Climate Change, 2013. doi:10.1038/nclimate1979

S-3 RA

S-6 Jason
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S-3 like Sea Surface Temperature
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Hiatus Period
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Carbon Biological Pump
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Coupled Model Inter-comparison Project (CMIP)

Ongoing Diagnosis, 

Evaluation, and 

Characterization of Klima

(DECK) Experiments

ESMVal tool for Benchmarking
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Sentinel-4/-5/-5p

S-4

S-5

S-5p
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Sensors

Sentinel-4: UVN spectrometer aboard Meteosat Third Generation (MTG) satellites

Sentinel-5: UVNS spectrometer aboard MetOp Second Generation

Sentinel-5p: TROPOMI UVNS (advanced spectrometer) 

Products

O3 NO2 SO2 HCHO CO CH4
Aerosol 

Optical Depth

Aerosol

absorbing index

Cloud 

information

Aerosol 

layer height

S-4 x x x x x

S-5 x x x x x x x

S-5p x x x x x x x x x

Spectral and temporal sampling

• S-4: 3 bands • S-5: 7 bands • S-5p : 8 bands UV, VIS, NIR, [SWIR (S-5/-5p)]

S-4

S-5

S-5p

8 km

Above 300 nm: < 8 km, below 300 nm: < 50 km

Nadir resolution: 7 x 7 km / 28 x 7 km

S-4

S-5

S-5p

60 minutes (fast repeat cycle over Europe and North Africa)

Daily

17 days

Application areas

S-4/-5:

S-5p:

Air quality measurements, Stratospheric ozone monitoring, Solar radiation measurements, Climate monitoring

Atmospheric composition studies, Tropospheric monitoring and air quality, Ozone monitoring, Climate 

monitoring, through the studies of atmospheric chemicals

Target potential ECVs

 Cloud  Aerosol  Ozone  GHG, NO2, SO2, CO

Expected launch date

 S-4/-5: 2021  S-5p: 2016

Sentinel-4/-5/-5p
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Green House Gases

GHG-CCI

Carbon Dioxide

GHG-CCI

Methane
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CH4 Fracking emissions

Methane
SCIAMACHY/ENVISAT

Estimated emission increase 2009-2011 relative to 2006-2008

990±650 ktCH4/yr

330 ktCH4/yr
(Schneising et al. Earth‘s Future, 2014)
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Estimated year of expected 

ozone trend detection for the 

period 1995-2050

O3 chemistry

Linear total ozone trend estimates 

1995–2013 from satellite data 

GTO-ECV CCI

http://www.esa-ozone-cci.org/ 

Courtesy: 

Coldwey-Egbers et.al. JGR 2015
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NO2 from OMI
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3. Sentinel Data

Access
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Copernicus Coordinated Data Access

Sentinel Online - http://sentinels.copernicus.eu
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Sentinel Scientific Data Hub

Straightforward 

registration

Flexible search

Product 

inspection

Individual and 

batch download

+APIs

By June 2015:

• Users: 7,500+ (mainly Europe / North America)

• Products: 150,000+

• Download: 1,030,000+ products downloaded by users, representing about 1.37 PB of data

https://sentinel.esa.int/web/senti

nel/missions/sentinel-1/mission-

status

https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status
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SNAP | Sentinels Application Platform
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Thematic Exploitation Platforms

Data Quality

Assessment

Workflow Publication

for Research Results

Replication

Model Processing
User / Physical Model

Data Preservation

Products
User Indicators

USER
(UNESCO,

IOC, Policy)

Automated data-model workflows 

help scientists focus on science, 

on things that matter for 

research, not IT. Moving the 

Calculations to the Software

Copernicus

Data

Sentinel

EO Raw Data

ESGF

Climate Data

Linked Data 
Virtual Earth 

System Data

Data Publication
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Non Urban Urban 2003Non Urban Urban 2003 Urban 2012

Lagos Kampala

Urban Growth (ASAR WS)
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http://oceandatalab.syntool.org/

Virtual Laboratory
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Flux Engine

http://http://www.ifremer.fr/cersat1/exp/oceanflux/
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4. Synergy with 

Exploratory

Measurements

from Space
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Integrated Observing System
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Sea-ice Thickness in the Arctic ocean
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Synergy for Ice Sheet Balance

CryoSat-2 Sentinel-1

Elevation rate  

(m yr-1)

-2                               +2
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Ice Sheet Mass Loss
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Greenland

Antarctica
10

8

6

4

2

12

0.27 mm per year

0.95 mm per year

imbie

S
e
a
 l
e
v
e
l 
c
o

n
tr

ib
u

ti
o

n
 (

m
m

/y
r)



ESA UNCLASSIFIED - For Official Use

Sea ice achievements:  Retrieval concept

• Text
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SMOS measurements
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Serendipity Products

SMOS+ Surface Wind

Research & Operations

SMOS+

Ice Thickness
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Earth Explorer 8 & the Carbon Cycle

Flex
An Earth Explorer to observe 

vegetation fluorescence

CarbonSat
An Earth Explorer to observe 

Greenhouse Gases

User consultation meeting: 

15-16 September 2015, Krakow, Poland 
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5. Concluding 

Remarks
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All Sentinels for Climate Services

Monitoring Prediction Projection
Informing 

Decision
UnderstandingRe-analysis
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MOOC Climate from Space

57

https://www.futurelearn.com/courses/climate-from-space
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MOOC Climate from Space

58

https://www.futurelearn.com/courses/climate-from-space

58
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Many thanks …


