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A family of Sentinel missions

( :OPE RN I( l 'S AN D ITS 5 SENTI N E LS Observing our planet for a safer world. The European Earth Observation Programme
Copernicus provides geo-information products and services based on satellite imagery.
Land Surface Monitoring. @ Marine Environmental Monitoring. Climate Change Monitoring. Earth Atmosphere Monitoring.

SENTINEL-34,/38 ST L gL

e o

16 years Five Sentinel-Missions Civil Security. Emergency Management.

SENTINEL-2A /2B ooty SENTINEL-5

SENTINEL- ] A /] B  Improves climate models and weather forecasts « Spatial sampling is 8km and spectral resolution between @
* Measures water vapour, cloud water content * Provides dato continvously during fiveyeor gop 0.12nm and 0.5nm z n dimat
Rlcas * 13 spectral bands with 10, 20 or 60 m resolution and thermal radiation emitted by the Earth between the retirement of Envisat and the launch * Airbus Defence and Space prime contractor * Global coverage of Earth’s atmosphere
v‘»}"‘r ‘ and 290km swoth-width * Determines global sea surface temperatures of Sentinel5 for spectrometer with an unprecedented spatial resolution
ices * Global coverage of the Earth’s land with an accuracy greater than 0.3 K . f\nlbl{& Defence and Spoce prime contractor for : 4 « Airbus Defence ond Space prime contractor
« Able to “see” through clouds and rain surface every 5 days o Airbus Defence and Space supplies satellite and TROPOM!I instrument * Carried aboard EUMETSAT's Meteosat Third Tor indrument

Microwave Radiometer Generation (MTG) satellites

« Data delivery within 1 hour of acquisition ® Airbus Do‘encevand Space prime confractor
for sotellites and instruments

* Carried aboard EUMETSAT's MetOp Second
Generafion satellites

* Airbus Defence and Space developed
Cband rador instrument

2014: Sentinel-1A 2014: Sentinel-2A 2014: Sentinel-3A
2015: Sentinel-1B 2015: Sentinel-2B 2015: Sentinel-3B 2015: Sentinel-5P 2020: Sentinel-4 with Met: t-TG 2020: Sentinel-5 with MetOp-5G
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A C-Band Synthetic Aperture Radar Payload (at 5.405 GHz)
sentinel-a A Life time: 7 years design life time with consumables for 12 years
A\ Near-Polar sun-synchronous (dawn-dusk) orbit at 698 km.

Joeat Cycle 12 days repeat cycle (1 satellite)

sentm




arsen ice shelf loss between
2002 and 2009 Oil spill detection

(Credit: Polar View) and Surveillance

(Credit: EMSA) Ship detection
- (Credit: ESA)
Arctic ice extent August

2009 L
(Credit: MyOcean) Crop I_\/Ionltc_)rmg
(Credit: AgriSAR)

A Acceleration of Greenland
glaciers flow C-band SAR observations to

(Credit: Rignot et Al) support a wide range of

applications Land use

Emergency management: (Credit: ESA)

-9 - flooding
\ (Credit: SAFER, DLR)

Forest monitoring

Mean wind speed (Credit: Gamma)
from 2005 to 2009 Earthquake

(Credit: CLS) analysis
: : (Credit: 'NGV)V - (Credit: Terrafirma

Subsidence map
1992 -2006
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S2 workhorse for agriculture

S2 (13 spectral bands, I&0m, 5d revisit 2sat)
Routine crop monitoring to better manage agriculture
and manage food security risks
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Courtesy of RapidEye

Source: ESA, Benjamin Koetz,



THE CHALLENGE
SUSTAINABLE DEVELOPMENT




Food Security

N F o csdcurity exists when all people, at all times, have
physical and economic access to sufficient, safe and
nutritious food to meet their dietary needs and food

preferences for an active and healthy life. i
Rome Declaration of The World Food Summit of 1996

Food Security, i.e. stability over time
for:

FOOD FOOD
UTILISATION ACCESS

* Nutritronal Value * Affordabiiity

» Socrel Valve * Allocation
« Food Safely ‘ * Preference

FOOD
AVAILABILITY

* Production
« Distribution

« Exchange

ppm
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Global Risks as seen by WEF

Top 5 Global Risks in Terms of Impact

2007 2008 2010 2011 2012 2013 2014

Asset price collapse [l Asset price collapse [l Asset price collapse ll Asset price collapse [l  Fiscal crises Major systemic Major systemic Fiscal crises
financial failure financial failure

Climate change Climate change
Retrenchment Retrenchment Retrenchment Retrenchmer, fater supply Water si

from globalization from globalization from globalization from globaliz rises crises
(developed) (developed) (developed)

Food shortage

Interstate and Slowing Chinese Oil and gas Oil price spikes Geopolitical !
C 2 prsep it Crises

of Water crises
civil wars economy (<6%) price spike conflict b

Pandemics Oil and gas Chronic disease Chronic disease Asset price collapse I Chronic fiscal I Diffuy
price spike ' ons of mass I and

ideremployment

Extreme volatility in of climate

Qil price shock Pandemics Fiscal crises Fiscal crises Extreme energy| disdch and  ada ptatic:n itical information

price volatility | - agriculture prices Tastructure
eakdown

B tconomic [ Environmental [ Geopolitical Il Societal [l Technological

10

§ Source: World Economic Forum (WEF), Global Risks Ninth Edition, 2014 ESA UNCLASSIFIED - For Official Use




Interconnected Risks T from Nexus to a Risk Web

WEF, 2011, Risk in Focus

Global
governance
failures

Food
security

- Food crisis
- Social unrest

*
Energy intensity
of food production .

Population
and economic
growth

T » Economic
disparity
2
A ar
""""""""" f Water
Water intensity o
food production seCUrIty
- Chronic shortages
- drag on growth
- Water crisis
- Social unrest
:
Water intensity of K
energy production -/
Energy ,‘ Energy intensity
security _.-»=".-=" of water production
€=
- Chronic shortages
- drag on growth
- Energy crisis

- economic damage
- social unrest

Environmental
pressures

%Source: World Economic Forum, 2011, / 2014, Risk in Focus 3,

~

Source
World |

11

WEF, 2014, Risk in Focus

Figure 1.4: The Global Risks 2014 Interconnections Map

Liquidity crisas

Drata fraudithiedt .
Critical Information
infrastructura braakdown

<7

Fallure of financial Cr.-ber attacks
mechanlsm or Institution .
Corruption ervironmaental
’ H .Termnst attack caastrophes

Declina of Importancea
of US daollar
0

Flscal c

Unemploymant and
undar@mplaymant

O prica shock

Economic and 4
rasourca naticnalization

Drganlzed crime

Biodiversity loss and
and llicit trade

Faillure of critical acosystam collapss

nfrastmcturs

HSGS

’ Climate change

GIDbaI
F'olltlca] and Qovermanca
soclal instability | filure
553 # Mawral
Weler c catastrophes
L 4 H‘______H__,,HO
Income
Food cri
disparity Qoo Crise ) Extrama waather events
’ Interstate conflict

Stata collapse \ * Mismanagad urbanization

Chronic disaasas * Y ‘Weapons of

Antibiotic-resistant Pandemic mass dastruction

bacteria 4 rs

--..._____‘_-_-_-_._._.__,,..-
. . . * ¢ ’
Economic Geopoltical Tachnological
Risks Risks Risks
+ - Mumbear and strangth
Emdronmeantal Sociotal of connections
Risks Risks [Mwaighted degras”)
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Planet under Pressure
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£ Source: adapted from Johan Rockstrom, by
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More Food, More Meat, Mor eCSH

Waorld Meat Production by Type, 1950-2010

120
Pork /
100 =
Foultry World Corn, Wheat, and Rice Production, 1960-2011
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Changing Lifestyle & Consumption. Towards Western World Diet.

15

§ Source: Worldwatch, FAO, USDA, Earth Policy Institute (EPI) ESA UNCLASSIFIED - For Official Use



More Energy Demanding

Mediterranean Sea

Gulf of Suez

Nicholas Stern The state of the climate — and what we might do about it

0%

The annual global
energy demand has
increased over the
past 25 years

0%  40%

Energy demand met The amount annual
through fossil fuels global energy demand
could increase over
the next 20 years

ESource: ISS Space Station, Nicholas Stern, DLR Irradiance
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Less Arabl e Land &

1.5B ha

0.23 ha/person

1.4B ha

0.47 ha/person

social
pressure
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environmental
presssure

economic

2006 pressure 2050

Majority of our food coming from 37% of our land

Image: Francesca Cecinatii, 2013
¢ Source: Information Please® Database, 2007 Pearson Education, Inc.; 17
EFAO, 2011, The state of the worldos | and and water r esour c e SESAUNSLASSIHELR- porPfficigl Uge



More stress on Water r esou@sa

Water: 97% saline, 2% freshwater (ice), 1% drinkable

2006 2050

/0% of water used for Irrigation (agriculture),
20% Industrial production

Image: Francesca Cecinatii, 2013
¢ Source: Information Please® Database, 2007 Pearson Education, Inc.; 18
EFAO, 2011, The state of the worldos | and and water r esour c e SESAUNSLASSIHELR- porPfficigl Uge



More stress on r e s o U@sa
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But we need Uliliiiiiiiﬂﬂ!ﬂ_ i ,f FETTTEIENTY
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water for food!

And we need

| q !11!!!111!1111111111111!!!!!!!
energy: T TTTTTTTTIIIIIIIIIIIIIIIIYITY

1200 liters vegetarian 2300 liters meat

ne A  Food security issues are water issues
kg of ...7? maize: 00 beef:. 16 000 |



WFP

i

Hadley Centre wip.org

i Climate-related hazards affected over
s 220 million people on average every year
in the period 2000-2009.

& T

Irrigated agricultural land comprises less
than one-fifth of all cropped regions but
produces 40-45% of the world's food.
Water for irrigation is often extracted from
rivers which depend on climatic conditions
in distant areas along the river’s path,

It is estimated that, on average, for every
United States dollar invested in risk
reduction, US$2-4 are returned in terms of
avoided or reduced disaster impacts.

Food msecurity and climate change

Heatwaves became more frequent over
the 20th century. In the summer of 2003,
Europe experienced a particularly extreme
heat event. A record loss of 36% crop yield
for corn occurred in Italy.

Over the past 10 years, category 5 hurricane
avents have resulted in an average loss of
cultivated land of 10% in the coastal states
of Mexico each year, effecting mostly
farmers who rely on a single crop.

Over 80% of total agriculture is rain-fed.
In Latin America it is close to 90%, while
in Africa it is 95%.

Hydrological disasters accounted for 86.7%
of economic damage from natural disasters
in Africa in 2009.

)
Swser
-

In 2010, the Russian drought resulted in wheat yield reductions of
40% in key production areas, and the Pakistan floods resulted in
losses of half a million tonnes of wheat. Together with market
speculations, these events led to price increases.

i In South Asia, where the most vulnerable
& people live in the river deltas of Myanmar,
Bangladesh, India and Pakistan, population
growth has contributed to increased
farming in the coastal regions most at risk
from flooding and sea-level rise.

Percentage of population undernourished

I Sources: FAD [2009] The State of Foad Inseaurity in the Warld 2000 and FAGSTAT

Approximately one-sixth of the world’s
population currently lives in glacier-fed
river basins where populations are
projected to increase, particularly in areas
such as the Indo-Gangetic Plain.

N o % %
%6, 6, %, %, %
HENR

Hunger and Climate Vulnerability Index
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§ Source: MetOffice and WFP, 2010



Climate Environmental Refugees

Source: Alessandro Grassani, LUZphoto http://www.luzphoto.com/story.php?titolo=bangladesh_grassani
Source Study: http://www.bis.gov.uk/assets/foresight/docs/migration/11-1116-migration-and-global-environmental-change
Source Data: International Immigration Organisation 21
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but they impact mostly the poor
and vulnerable ...

HURRICANE SANDY
|
TOHOKU EARTHQUAKE 1

HURRICANE IKE —;-—:— 140

HURRICANEKATRINA | ! |
E —t— 120
HURRICANE IVAN |
: : 100
SEPTEMBER 11TH ATTACKS : |
I 1 ) 80
NORTHRIDGE EARTHQUAKE - | :
HURRICANE ANDREW : |
1 | t 60
|

1970 75
Source: Swiss Re

Economist.com/graphicdetal

80 85 90

95 2000 05

If improved EO-based information and warnings could lead to a few % reduction in insured
losses, this would be worth $B to the global insurance industry.

= . . .
g Source Disaster: World Bank Sendai Report. Source Coastal Population: CIESIN
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limited natural
resour ces



Human Footprint of Agriculture ...
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Human Footprint of Agriculture
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Human Footprint in desert areas

LIBYA'S AL JAWF OASIS

26
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Decline of Biodiversity, Forests & Ecosystems

Forest change Sep 2006

Forest change Dec 2005 . Forest change May 2006

Certification of
Sustainable Forest
Management
Practices

Reducing Emissions
from Deforestation &
Forest Degradation
(UN-REDD+)

Dense ASAR time series in Borneo © Sarvision, Wageningen University

60% decline in species, large-scale deforestation (e.g. rate of deforestation of 13 Mha/yr.
one stadium every 3 sec). Reasons: Timber, Agriculture, Energy. Issue of illegal logging,
REDD.

27
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Land Degradation & Erosion

Over- plowing & Over-grazing in parts of Africa, Asia, and the Middle East, transform
productive cropland is turning into wasteland, and topsoil into dust. Emergence of new Dust
Bowls (e.g. China, Sahel) and transboundary storms.

28
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