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1. The Sentinel Era

A new era for Earth Observation
Scientific Advances & Societal Benefits




S-2A first images — Pavia / Po Valley, Italy
} > ’; & ‘ - B . -

v % g el 3 % g A "=  S2-Alaunched 23 June

. : , Pl ' g e 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



Sentine
Sentine
Sentine
Sentine

Sentine

-1 Radar Mission

-2 High Resolution Optical Mission

-3 Medium Res Imaging and Altimetry Mission
-4 GEO Atmospheric Chemistry Mission

-5P LEO Atmospheric Chemistry Missions

Sentinel-5 LEO Atmospheric Chemistry Missions

Sentinel-6 Altimetry Mission



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



ECV and Sentinels

ECV e
(Opt/Topo)

Cloud

Ozone

Aerosol

GHG

Sea lce

Sea Level

SST

Ocean Colour

Glaciers

Land Cover

Fire

Soil Moisture

Ice Sheets
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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



Cost of Copernicus Observing System

MILK FOAM
STEAMED @ STEAMED
MILK FOAM MILK MILK
ESPRESSO | )
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MILK FOAM
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Insured losses, $bn, 2012 prices

Cost of weather-related catastrophes vs. Copernicus -~ €Sa

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

Hurricane Total losses: 146.5 bn$

Katrina

Insured losses: ~123 bn$

Weather-related

HURRICANE IKE'
HURRICANE KATRINA

HURRICANE IVAN

SEPTEMBER 11TH ATTACKS

NORTHRIDGE EARTHQUAKE
|
HURRICANE ANDREW

e e e e e

Hurricane otal losses: 50 bn$

m——— Y W

Insured losses: 35 bn$

Cost of Copernicus programme: 3.4 bn$

|
|
|
|
|
|
|

HURRICANE SANDY

SwissRe(2012)



2. Sustained
Observations
from Space






Sentinel-1 (S-1)

Sensor C-band Synthetic Aperture Radar (SAR) - continuity of ERS-1, -2, Envisat and Radarsat
Products

LO e Compressed unfocused SAR raw data

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

e Focused SAR complex data detected, geo-referenced, multi-looked and projected to

L1 Ground Range Detected (GRD)
ground range geometry

L2 e Ocean Wind Field e 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

e High resolution ice charts
e Mapping oil spills

e Sea vessel detection

¢ Land monitoring of forests, water, soil and agriculture
¢ Climate change detection
e Sea-ice observations and iceberg monitoring

Target potential ECVs

e Seaice » Glaciers e |ce Sheets e Land cover e Soil moisture

ESA UNCLASSIFIED - For Official Use
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Nepal Earthquake

"I’ " O -

Nepal Earthquake , 25 Apr 2015

Each interferometric fringe e,

represents about 3 cm of . W\l

deformation. The large amount of ~ MER S oy |ndian plate

fringes indicates the large L eEE U NT |

deformation pattern with ground R TR B opernicus data (2015)!

motions of more than 1m. ESANGrut/PPO.labs/COMET-
FESHSEQMINSARAR: study.
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COSMO SkyMed Oct. 2010 - Apr. 2011
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S-1 Met-ocean applications

L2 Product - Significant Wave Height

+ Wave Mode (WM) imagettes indicated as
dots

VV - 2014/04/12 02:11:23 - 2014/04/12 02:21:27

00 09 18 27 36 45 54 63 7.2 81
[m]

Latitude {N)

L2 Product - Wind Measurement

* S-1 acquired on 2014-08-24 T 17-21-27
 Strait between Sardaigna and Corsica
* IWS Double Polarisation, only VV processed

24—-AUG—2014 17:21:52.8 (UTC)

7230 82 0! 8230’ 90 9230

Wind Spe_ed [m/<]

0 1 2 3 4 5 -] 7 8 9 0 11 12 13 14 15

1 17 18 19



Monitoring Rice with S-1

Sentinel-1 time series (Oct.2014-Jan.2015) »
GEOGLAM Asia-RICE Site: An Giang (Mekong River Delta, Vietnam)

AMIS

Agricultural Market Information System

G20 Final Declaration

44. We commit to improve market information and transparency in order
to make international markets for agricultural commodities more

0
] — —
effective. To that end, we launched: EN HANQ |N(_|

The "Agricultural Market Information System" (AMIS) in Rome on 4 MARK ET

September 15, 2011, to improve information on markets ... -
TRANSPARENCY

The "Global Agricultural Geo-monitoring Initiative” (GEO-GLAM)
in Geneva on September 22-23, 2011. This initiative will coordinate
satellite monitoring observation systems in different regions of the
world in order to enhance crop production projections and weather
forecasting data




lce movements in Lincoln Sea

lles-Ellesmere
(Canada) Greenland




S-1 Sea Ice Charts

S1A Image from 20140426 10:10 UTC
EWS mode, HH
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S-1 Sea Ice Drift

3-day mosaic of S-1a data
(January 6-8),

Ice drift on January 7 from
S1 (green vectors) and from
Arctic MFC (red vectors).

Good correspondence in
some areas not so good in

others, illustrating how the
S-1 data can be used to
validate and improve the
forecasts.

From DMI/DTU

ESA UNCLASSIFIED

- For Official Use



S-1 Greenland Ice Sheet Velocity

80°N

70°N

Courtesy ENVEO IT Gmbh / 60°N

0 100 200 300 400 km

40°wW

ESA CCI Ice Sheets Project s0°W

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 cSa

Continuous Monitoring
of Greenland margins

every Cycle -> Overall
ca 50 slices

+ Campaigns

—> Allows to monitor
outlet glaciers
with high
observation
frequency
of 12 days

Courtesy ENVEO IT Gmbh/

"‘a““,nl: ¥
ate Geographer

ESA CCI Ice Sheets Project

ESA UNCLASSIFIED - For Official Use






Sentinel-3 (S-3)

e OLCI: Ocean and Land Colour Instrument (21 bands / 400 nm to 1040 nm)
Sensors e SLSTR: Sea and Land Surface Temperature Instrument
e SRAL: SAR Radar Altimeter

Application areas

e Operational Oceanography (Forecasting atmospheric and oceanic conditions)

e Maritime Safety and Security (e.g. monitoring of pollution, passenger vessel safety, potential terrorist actions)
e Coastal Zone Monitoring (water quality, harmful algal blooms)

e Open Ocean and Ice Monitoring

e Atmospheric Services

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

Target potential ECVs

e Cloud * Aerosol e SST  Ocean Colour  Land cover * Fire

 Sealce * |ce Sheets  Sea Level

Expected launch date

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

ESA UNCLASSIFIED - For Official Use



S-3 like Sea Level Rise

Mean Sea Variations (cm)
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i Topex/Poseidon -
" Jason-1 9 8'3 RA
6 e s
L Jason-2 A 8'6 JaSOH
5= Envisat -
[~ ERS2 i
4 — ey
| — GFO i
3 = ey
2 - - commy
l — g
0 — -
-l - ooy
g © CLS, ESA, CNES, LEGOS, AVISO, DUACS o
2 : 1 - 1 . f ., & - 2 , ., 1 . ¥ . ¥ . 1 . 1
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Sea Level Variations (cm) during El Nifio and La Nifia
10 SIo2 B8 434700 42 {mETTIEI M-

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
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S-3 like Sea Surface Temperature

o
'y

o
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0.0 —— ARCD3
........ ARC D2 4

—— HadSST3

SST Anomaly (“C, wrt 1961-90)

ATSR ATSR-2 AATSR
1 1 M 1 1 1 1 1 1 1

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
Year
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Hiatus Period

Climate science

‘%ﬁ\ | §| A sensitive matter

L

The climate may be heating up less in response to greenhouse-gas emissions than was
once thought. But that does not mean the problem is going away

7.8 SPACE FOR OUR CLIMATE QN2 UCRE T A

+ About climate change ) ")

ESA > Our Activities > Observing the Earth > Space for our climate S E
— Space and Earth Related links
Monitoring g ES.A's.Climate Change
4 Land IS GLOBAL WARMING HIDING UNDERWATER? Initlative. (CCT)
+ Oceans + Intergovernmental
06 7 February 2014 Satellite observations of global Panel on Climate
+Ice Change (IPCC)
sea-surface temperature show that a 30-year
+ Atmosphere R . UK Met Office
+Biosphere o4 upward trend has slowed down within the last 15
e years. Climate scientists say this is not the end of ' University of Reading
g 0.2 global warming, but the result of a rearrangement  * Copernicus
* Intamiations) troatles i in the energy flow of the climate system and, in issi
implementation E ay sy v Related missions
g0 particular, how the ocean stores heat. - ERS
+ Envisat

+ About Observing the 2 v >
Earth o2l TR ke 1 Like flying thermometers, some satellites carry . Sentinel-3
1995 1994 1996 1998 2000 2002 2004 2006 2008 2070  Instruments that provide a global view of the
e alirfacs tmparatire surface temperature of oceans and seas. Measuring
EO programmes the sea-surface temperature is important for
+ The Living Planet improving weather and ocean forecasting and

. Copernicus climate change research.
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Coupled Model Inter-comparison Project (CMIP)

Clouds/
Chemistry/  Circulation  QOcean/Land/

Aerosols

(M I P6 expe'[”'
€,

S\,stemat,(.e =
4 /

Characterizing Short term
forcing hindcasts
Sﬁﬂdardb‘

Paled Decadal
dimate prediction
Carbon Scenarios

cycle

Reqlonal climate/

Land use Geo- B eimes

engineering

Ongoing Diagnosis,
Evaluation, and
Characterization of Klima
(DECK) Experiments

Chapter 9

LW GRE

SW CRE
RSUT

RLUT

PR

TAS

ZG (500hPa)
VA (200hPa)
VA (850hPa)
UA (200hPa)
UA (850hPa)
TA (200hPa)
TA (850hPa)

ESMVal tool for Benchmarkehag cinsewoe:
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Sentinel-4/-5/-5p

Sentinel-4: UVN spectrometer aboard Meteosat Third Generation (MTG) satellites
Sensors Sentinel-5: UVNS spectrometer aboard MetOp Second Generation
Sentinel-5p: TROPOMI UVNS (advanced spectrometer)

Products
Aerosol Aerosol Cloud Aerosol
NO2 2 | HCH H4 . . . . .
o3 02150 CHO | co | ¢ Optical Depth | absorbing index |information | layer height
X X X X X
X X X X X X X

Spectral and temporal sampling
*S-4: 3bands < S-5: 7 bands *S-5p : 8 bands UV, VIS, NIR, [SWIR (S-5/-5p)]

S-4| 8km
S-5| Above 300 nm: < 8 km, below 300 nm: < 50 km
S-5p [ Nadir resolution: 7 x 7 km /28 x 7 km
S-4 | 60 minutes (fast repeat cycle over Europe and North Africa)
S-5| Dalily
S-5p | 17 days

Application areas

S-4/-5: | Air quality measurements, Stratospheric ozone monitoring, Solar radiation measurements, Climate monitoring
S-5p: Atmospheric composition studies, Tropospheric monitoring and air quality, Ozone monitoring, Climate

monitoring, through the studies of atmospheric chemicals
Target potential ECVs

e Cloud e Aerosol e Ozone e GHG, NO2, SO2, CO

Expected launch date

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

COMm UNCLAOOIT I~ T Ol oTmerar osc



Green House Gases

GHG-CCI 2010-2011
Carbon Dioxide TANSO/GOSAT/RemoTeC(SRFP)
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Estimated emission increase 2009-2011 relative to 2006-2008

Methane
' SCIAMACHY/ENVISAT»s . “ =)
,-. | o

ken’

S

AL ey (Schneising et al. Earth's Future, 2014)
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ECV CCI Total Ozone

(a) GTO

GTO-ECV CCI

Linear total ozone trend estimates
1995-2013 from satellite data
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NO, from OMI

OMI tropospheric NO, December 2009 All 60 months Europe
-10 -5 0 10 15 25 30 35

15 20 25
NO, tropospheric column density [10'> molec./cm?]
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3. Sentinel Data
Access



Copernicus Coordinated Data Access

n 18 Hu\l |

Need Help? ContactUs  About sentinel online ustom Sea A,
Missions ~ User Guides ~ Technical Guides v | Thematic Areas v Data Access ~ Toolboxes -
You are here Home Edshare | SR EIEIED

- Welcome to Sentinel Online - Sentinel News

Nepal earthquake on the radar
COMING SOON @ Preparing to launch ‘colour vision' satellite
N e Envisat ASAR data exploitation to model oll

OPEN AND FREE - I

\_OpEernicus - i : - Events

< : tinel-3 for Sclence Worksho
The Sentinel Data Access Infrastructure has been - 50 : P

tailored to answer the needs of the different i - = . " 8 ATMOS 2015 - Advances In Atmospheric
USRS " Ground Segment @ See all Sentinel Events

- Browse to Other Sites

2 EU Copernicus

12 ESA Copernicus

2 Observing the Earth
2 Earth Onliine

12 CSCDA

|2 Disasters Charter

12 ESA Climate Change Initiative

2 Ground Segment Coordination Body (GSCB)

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

Username | |

Password | | Confirm it |

s

Straightforward

AR BOSNIASANE ey}
Sentinel-1 Scientific Data Hub @ esa

| o-vIGenoa Modena’ - Bologna ) 30 A:NL5 Belgrade

Download the product
() S1A_IW_GRDH_1SDV_20141205T060809_....
(53 annotation

calibration
s1a-iw-grd-vh-20141205t060809-201...

() product
(5 adsHeader
|=) missionid S1A

" Sentinel-1 Scientific Data Hub @ esa

i Overview | Search | Upload | Profile W18 Management | Statistics | About [CCESNEIEY Logou |

Cart Individual and

igha i Overview | Search | Upload | Profile Cart | Management | Statistics | About LS Logout | FIeX|b|e SearCh
View product 'S1A_IW_GRDH_1SDV_20141205T060809_20141205T060834_003580_0043A2_51(4'
DISACIER] Summary | Product | Platform | Instrument

Product
~inspection

04°DOE

<&

Request done : sentine|

Product Type: |

Polarisation: {

Display 1 to 3 of 3 products in your cart

Display 1 to 25 of 38 products S1A_IW_GRDH_1SDV_20141205T060519_20141205T060548_003580_0043A0_6CD7 b at C h d OW n I O ad
esa vi/Productsi( 3-dc VSvalue £ E —
S1A_IW_SLC S. i3 = —
{ https://scihub) Datte : 2014-12-05T06:05:19.967Z, INStrumeNt : SAR-C, Mode : IW, Satellite : Sentinel-1, Size : 1 GB
D 20ie 1 S1A_IW_GRDH_1SDV_20141204T163043_20141204T163108_003572_00436A_94BF
ate: e esa, vi/Products(' 12 1-10efa1616c09')/Svalue o, M E
S1A_IW_SLC. Date : 2014-12-04T16:30:43.9502, Instrument : SAR-C, Mode : IW, Satellite : Sentinel-1, Size : 1 GB -
https://scihub J Il
ﬂﬂﬂﬂﬂ S1A_IW_SLC__1SDV_20141003T054301_20141003T054328_002661_002F66_75CD
Date : 2014-11 https://scihub_esa. int/dhus/odata/v1/Products( 7e004cde- 4411-4284-B3dd-d8348d4cT0c4') Svalue o, H E
Date : 2014-10-03T05:43:01.518Z, Instrument : SAR-C, Mode : IW, Satellite : Sentinel-1, Size : 8 GB — T
https://sentinel.esa.int/web/senti
. . .
P ESA 2013 - 201,
— o (D) P status
Clear your cart | | Download your cart

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/sentinel/missions/sentinel-1/mission-status

SNAP | Sentinels Application Platform

2 SENTINEL TOOLBOX

SNAP |'Sentinels Application Platform
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Thematic Exploitation Platforms

ESGF
Climate Data g,
@) b 1y,
DGODA //7g
Copernicus Llnked Data
Data Vlrtual Earth/g G/e Data Quality
/ System Dat ‘9%9 e
N‘O "’
Sentinel ; Model Processingpeareseracen
EOQ Raw Data User / Physical Model !
Data Publication \ N
Products
User Indicators
Workflow Publication _.==""
Automa_tted_ data-model Wo_rkflows or Research Ros ftS \
help scientists focus on science, Replication U SER
on things that matter for (UNESCO
research, not IT. Moving the ’

IOC, Policy)
Calculations to the Software
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Urban Growth (ASAR WS)

l 0o 375 75 15 km

[ ] NonUrban B urban 2003 B Uurban 2012
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Virtual Laboratory

http://oceandatalab.syntool.org/

OCEANDATALAB Synergy Portal
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Flux Engine

http://http://www.ifremer.fr/cersatl/exp/oceanflux/

FluxEngine
Air-Sea Flux of Carbon Dioxide
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4. Synergy with
Exploratory
Measurements
from Space



Integrated Observing System
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Sea-ice Thickness in the Arctic ocean

(January/February 2011)
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Synergy for Ice Sheet Balance
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Ice Sheet Mass Loss
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SMOS measurements

Sea Surface Salinity [psu] - 1° x 1° Optimal Interpolation
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Serendipity Products

SMOS+ Surface Wind
Research & Operations

Sea Surface Wind Speed from SMOS
(11-19 Sept 2010)

SMOS ice thickness 20101101

KlimaCampus SMOS sea ice algorithm |

SMOS+
Ice Thickness



Earth Explorer 8 & the Carbon Cycle
Flex CarbonSat

An Earth Explorer to observe An Earth Explorer to observe
vegetation fluorescence Greenhouse Gases

3 T

User consultation meeting:
15-16 September 2015, Krakow, Poland




5. Concluding
Remarks



All Sentinels for Climate Services

Informing

Monitoring | Prediction | Projection Decision

Re-analysis | | Understanding |




MOOC Climate from Space

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

117

Remote sensing
techniques

(i L

Intro a1 Q2

Monitoring Climate Q2

Change from Space @ e onoe course

What is passive remote sensing

Explore our planet from Space and learn how we Z Duration: 5 weeks
can monitor climate change through Earth Passive sensing is used during the day when the sun is illuminating
observation techniques. @ 3 hours pw the earth.

Passive sensing detects energy reflected or emitted radiation from

ABOUT THE COURSE
—_ EDUCATORS the earth.

We are now at a time on planet Earth where significant and rapid

changes to the climate are taking place. It is becoming Ravi Kapur Passive sensing detects infrared radiation.

increasingly essential for us to study the climate and observe

changes all across the planet at the highest level of detail Passive sensing detects energy which is scattered by the
possible. But how can we achieve such a comprehensive atmosphere.
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Browse courses
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MOOC Climate from Space

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

Earth-observation satellites

Something to watch over us

The Earth should be monitored more carefully

May 12th 2012 | From the print edition (® Zimekeeper 2 Tweat) 86

ON APRIL 8th Envisat, Europe's largest Earth-observing satellite, unexpectedly stopped

talking to its users on the Earth below. Since then those users have been frantically trying
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