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Foreword

?kl anje_go6éAgnkl agoéauaoékj eéA]l npd

e

El ObBee&kowska

European Commissioner
for Internal Market, Industry,
Entrepreneurship and SMEs

If we are to respondto the challengesof sustainableconsumptionof natural resourcesguarantee
safety and security,and understandthe causesand consequencesf climate change,we needto
better knowthe state and health of the environment

The Copernicugprogrammeis a cornerstoneof the EuropeanS | g reffoBsqto monitor the Earth
and its diverse ecosystemswhilst ensuringthat we are preparedand protectedin the face of a
natural or man-made disaster But Copernicusan also drive economicgrowth, becauseit can act
as a data sourcefor applicationsand services |t is a symbol of Europeanstrategic cooperationin
spaceresearchand industrialdevelopment

Theimagesand data from a constellationof satellites and in-situ componentsare usedby a wide
range of economicsectorswith applicationsin precisionfarming, civil protectionand insurance ol
& gas exploration meteorologyor urbanmonitoring,to name just a few. Salesof data, value added
servicesand applicationsrelatedto EarthObservationare undergoinga remarkablegrowth with an
averageannualrate of more than 13%. Thecloselink betweensatellite imagesand the wider geo-
information productssectorreinforcesthe strength of these downstreammarkets Theincreasingly
centralrole of Big Datais leadingto the downstreamdevelopmenbf commercialactivities

After consultationwith a wide range of stakeholders,8 selected economicsectors have been
assessedfor the currentand future impact of Copernicusn their businessesAfter only a yearin
operationof the first Sentinelsatellite, Copernicusntermediateand end users are already seeing
economigsocial,environmentaland strategicbenefitsto their activity. All expectthis to continuein
the years to come As announcedin the Space Strategy for Europe,over the coming years the
Commissionwill set the conditionsto build on these encouragingresults by ensuringthe continuity
of the Copernicuprogramme givingaccessto spacedata and continuingto foster innovationin the
downstreamsector

Weare on the roadto makingCopernicus great Europearsuccess!
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Earth Observation stakeholders consulted (interviews performed during the first semester of 2016)
INSTITUTIONAL STAKEHOLDERS s LARGE COMPANIES
A Aerospace Valley A Group on Earth Observations A Airbus Defence and Space A GAF
A Big Data Value Association (GEO) A Amazon Web Services (AWS) A  Google

(BDVA) A Hespul : A Atos A Groupama
A Centre National d'Etudes A Icube : A Axa A Hatfield Consultants

Spatiales (CNES) A Institut Frangais de Recherche A GCore A Orange
A DaithiJ %H p nMarinp pour I'Exploitation de la Mer A Collecte Localisation Satellites A  Planet Labs

Research Station (DOMMRC) (IFREMER) H (CLS) A RHEA Group
A Deutscheszentrumfiir Luft- A Institut National de A CS Communication & SystémesA  RPS Energy

und Raumfahrt(DLR) I'Environnement Industriel et A Deltares A SwissRe
A DTU Wind Energy des Risques (INERIS) A DigitalGlobe A WilisRe
A ESA A International Space University A ElecnorDeimos
A EUJapan Centre for Industrial (ISU) 1 4 2 A ESRI

Cooperation A Joint Research Centre (JRC)

A Eurisy A Landsat program . .
A European Association of A Marine Institute persons interviewed

Remote Sensing Companies A MESA SADC

(EARSC) A Netherlands Space Office (NSO
A European Centre for Me?ium A Office National desForéts

Range Weather Forecasts (ONF)

(ECMWF) A Plymouth Marine Laboratory
A European Environment Agency (PLM) 94

(EEA) A Satellite Applications Catapult
A Finnish Meteorological Institute A Umweltbundesamt ; it

(FMI) A University of Maryland different entities
A Foundation for Research and A University of the West of

Technology Hellas England- Bristol
A French ministry of Ecology, A USGeologicalSurvey (USGS)

Sustainable Development and A VTT Technical Re 1 4

Energy A Astrosat A Oasis Loss Modelling Framework|
A IG'_?_b?' F‘zglfto?)bse“’a“cns participants in the A BMT ARGOSS A Plume Labs

nitiative . A Cambridge Environmental A PredictServices
Global Forest Watch (GFW) Copernlcus survey Research Consultants (CERC) A  Reuniwatt
A CloudEO A Rezatec
A EFTAS A Science [&Technology
H H A Geosigweb A Sinergise
A GeovVille A TeleRilevamentoEuropa (TRE)
A GIM A TerraNIS
A Gisat A VisioTerra
A AdviceGEO i-Sea i H ﬁ ISardSAT ;\ viTo.
A Building Radar Nazka A MercatorOcéan Vizzuality
A Earthi Pixalytics : H NI SHTES
" e : . A Noveltis
A Gaia ViridianRaven H H A
A Geocento MntEE )
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TABLE OF CONTENTS
Overview of Copernicus programme benefits

From?2008 up to 2020, the total investmentsin the Copernicuprogrammeare forecastedto reachEUR7 5 billion. Overthe same period,this investmentwill generatea benefit
of 13.5 billion (not countingnon-monetarybenefits) Thiseconomicvalueis generatedthroughthe addedvalue createdin the upstreamspaceindustry,the salesof Copernicus
basedapplicationsby downstreamservicesuppliersand the exploitationof Copernicusnabledproductsby end usersin variouseconomicsectors.

Cumulated impacts over 2008 - 2020

EUR
13.5 billion

Downstream and 12,450 job years supported

EUR end users* EUR 3.1 billion in the downstream and end
7.4 billion user markets
Upstream and .~ 1 15,580 jobs years supported
Copernicus EUR 10.3 billion &ﬂ -
Services in the upstream
Overall investment Cumulated
in the programme economic benefits

Examples of jexisting Copernicus benefits

709 Cost reduction of a O 60k Yearly savings for 60%

each construction Higher accuracy for

precision farming . . ;
Service in Austria, company using a ‘ analysis of the_ impact of
) work progress trans-boundaries
o thanks to Copernicus M

(o) monitoring app pollutants on air quality

0 . A
590 Productivity gain °0% Copernicushased 0O 186M

!
for fish farmers, by forecasts generate 50% Benefits of Copernicus
< monitoring toxic more benefits to solar on the insurance
W= =< algal blooms energy producers than market in 2015
traditional forecasts

* TheDownstreamand end user analysisincludesonly 8 value chains Agriculture Forestry,UrbanMonitoring Insurance OceanMonitoring,Oil & Gas,RenewableEnergiesand Air Quality. Estimatesfor end
userswere only calculatedfor|Insurance Qil&Gasand UrbanMonitoring Theestimatesof downstreamand end userbenefits shouldbe seenas extremelyconservativebecausethey were calculatedbarelya
year after the launchof the first Sentinelsatellite. Benefitsare likely to increasesignificantlyas more Sentinelsbecomeoperationaland as usersprogressivelydiscoverthe programme In addition,the end
user benefits (whichare likelyto be substantiallylarger than the downstreambenefits) were only calculatedfor the commercialusersin three value chains(InsuranceQil&Gasand UrbanMonitoring) Many
user benefits are non-monetaryin nature and extremely complexto quantify. Theaim of this study was to have the most robust figures in order to show the existenceof the phenomenorrather than
providingan exactfigure (to preventoverestimationof benefits)

European | Lopernicus

Commission Europe’s eyes on Earth
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Main results

Kranr e

Intermediate users
as downstream pr
Copernicusn the do
the growth of these
availablesolutions(e

asékbéejpani a’

el paégoano¢sé”~ajabepoés$-+. %

5 constitutethe main link betweenCopernicusaand the communityof potential usersof Copernicusenabledproductsand services Also designated
oviders, they are typically service providers processingraw data to turn it into exploitableinformation for end users In 2015, the benefits of
wnstreammarketare estimatedbetweenEUR28 and 54 Million Theyare expectecdto grow at an impressive31% peryear. Today the main barriersto
marketsare low willingnessto pay amongend users(eg. for Air Quality products)the gap betweenendp n ~ spetificneedsfor tailored productsand
2.0. Insurance)or the still recentadoptionof EGbasedproductsin generalin the market(e.g. Renewablenergies)

Expected average annual

Average income enabled by Copernicus

2020 .
2015 growth rate 2015 - 2020 for downstream providers (2015)
European EO data and
services market (EUR
million) 14%
Copernicus impacts on
8 selected value Q
chains|in 2015 : 10%
EUR million 54 .
( ) 218 31%
' 66 % 8 million
‘ . # Copernicus
Proportion of EO
’ J companies exploiting 0 N o (pj)rodulctsd donth 'Q 51,000
~"/ Copemicus data in 27 % —5 S‘;‘:”,ﬂuﬁs‘z ombor & # registered
Eurppe \ Proportion of EO 2016) P users in the Sck
companies exploiting hub (September
4 Copernicus services in 2016)
Europe
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Main results n

Kranreasékbéejpania e]paéqoano¢gé”™ajabepoés$s. +. %

TheCopernicubenefits vary betweenthe value chains,dependingon the relative size of the domainin the EOdownstreammarket and the penetrationrate of Copernicus
All the sectorsconsideredare forecastedto witnessa positive evolution of Copernicusconomicimpacts and some value chainsare expectedto experiencevery high
growthin the comingyears(particularlyAgriculture Jnsuranceand OceanMonitoring)

Details for 2015 Renewable
Agriculture Forestry Urban Monitoring  Insurance  Ocean Monitoring  Oil & Gas Energies Air Quality
Copernicus benefits
in 2015 O O
(EUR million)
13.7 6.2 6.7 11 8.6 13.6 2.7 0.2
Percentage of | ! | L % (I ‘ | ‘\ ‘
revenues generated — — — —
by Copernicus (2015) ] C
[ = - [ g ] = ]
13 % 12 % 10 % <1% 6 % 8% 10 % 7%

Expected average t
annual growth rate of t t t
Copernicus benefits t t

up to 2020
+38 % +18% +14% + 64 % +43 % +11% +7% +9%

European | C I
Commission Opg};&!g}i&
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Main results
Kranreasékbéaj €éqoano¢gé”™ajabepo
Endo m_ beméfitsare generatedeither throughthe exploitationof Copernicussnabledproductsprovidedby intermediateusersor throughdirectuse of Copernicuslata
by non-EOplayers Endusersrepresentpotentially much larger marketsthan the EO/ GISdownstreammarkets,and so could potentially show substantialbenefits from
Copernicusfor instancefor Oil & Gascompanies(re)insurersor agriculturalcooperativesTheygenerallyhave very specificneeds but demonstratehigh willingnessto pay
to accesstailored EQbasedproductswith real addedvaluefor their business
2015 2020 Expected average annual
) = growth rate 2015 - 2020
Copernpicus impacts on
selected value chains
(EUR million)
(only includes Urban Monitoring,
Insurance and oil & Gas)
294 504 12%
_ I Urban Monitoring Ocean Renewable
Details for 2015 Agriculture Forestry Insurance  Monitoring  Oil & Gas  Energies  Air Quality
Copernicus . Not o
: N ntifi o N ntifi
benefits otquantified O quantified ot quantified
(EUR million) 1.4
186 107
Expected average t t
annual growth rate %
of Copernicus
benefits up to 2020 +19 % +39% + 24 %
European ( 1
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Main results

Key findings

Historically one of the first domains to exploit E&griculture is the most

promising market in term

precision farming. The intermediate users have various profiles, from sta

ups and SMEs to large co

market with the highest penetration ratef Copernicuswhich already

enables 136 of the rey
>j k™ mi dn
substantial, considerin

pn%

s of the impact of Copernicus, especially through

mpaniasd purelyscientific players. It is also the

enuedf the sector.Though not quantified here,
Njiomd]podji o) a
g the strong influence of EO on precision farm

technologies.

\ mh"~
ng

Urban Monitoring offers a wide span of applications for EO and hence for
Copernicus. Intermediate users are mainly SMEs, operating in a

developed market of wh
revenuesUrban Monitori
growth of smart citie

which often face bu
products

ich Copernicus alreaghablesabout 10% of the

g products are expected to benefit from the high
5 markets, and hence the influence of Copernicus
should keep increasing. The majority of end users are local authorities,

dget constraints to develop the uskinnovative

such as EO, but which show encouraging trends.

Ocean Monitoring applications for EO are diverse, and involve various
rmediate users include private actors from micro
companies to large companies, public authorities, scientific laboratories or
research centres. End users are also both public entities and private actors
such as fish farmers and cooperatives. The rapidly changing environment
EO data, which results in a lower penetration of

types of stakeholders. Inte

requires near reatime
Copernicus data, aroung
benefits

Renewable energies e
energy. Commercial app
The total EO marke

6%. Sentideis expected to strongly impact the

of Copernicus for ocean monitoring applications.

xploit EO data particularly for biomass and sold
lications are relatively new for intermediate use
t represents less than EUR 23 million out of wh

Copernicus represents 10% of the revenue

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC
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Depending on the countrjorests may be owned mainly either by public

or private entities. As with agriculture, Copernicus intermediate users have
different profiles, and Copernictenablesa substantial share otheir
revenuesestimated at close to 12% on average. End users, by contrast,
are mostly public bodies and few commercial applications exploit forestry

EG]\'n" _ kmj _p~on' h\fdib do _daad?”
“nn ~AM\i ]° “sk> Mo _ oj ]°
Fornatural disastersinsurance * di o mh™ _d\ o~ pn’  m

Copernicus are estimated to be low as a gap still exists between the very
specific needs of (re)insurers and the available EO products on the market
This leads either to an i#mouse handling of EO raw data by the end users
who can afford the infrastructure, or to a decision not to use satellite
images which are regarded as a namitical source of data. Index products
represent a potential market for intermediate users, lDopernicus
ANjinogg\lodji dn ojj tjpib oj ]°
potentially be much higher, considering the high amounts involved in
natural disasters insurance.

Oil & Gas is a commerciallyoriented value chain, where EO is mostly
exploited in the upstream activities of O&G companies. Intermediate users
generate substantial revenues based on Copernicus data, but in the form
ja BDN kmj_p~ron m\oc m oc\i kpm’
expected to be much higher considering the large markets involved. The
recent drop in the oil price had a negative impact on the willingness of
0O&G companies to invest in EO capabilities, but this should improve in
coming years.

Air Quality information and applications only recently started to make

use of EO data, being traditionally based on meteorological data, statistics
and measurements. Intermediate users are mostly environmental and
meteorological agencies, or publiefynded organisations. Indeed end

pn> mn% i " _n o bypublioautho}itieas\individoelsn n ~ _
demonstrate lowwillingness to pay for information or products on Air
Quality.

European
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EO market

EARTH OBSERVATION MAR

In a nutshell

l
1
U Earth Observation(EO)technologiesare used to monitor land, marine and atmosphere from space with varlousr m
technologies 3
U  TheEuropearEOmarketis valuedat betweenEUR2.1 and 24 billion, dividedbetweenEOsatellite operations(the upstrea p
supplychain),EOdata acquisitionand storage (the midstreampart), and EOdata processingo providevalue addedservice 2

in many different sectors(the downstreampart). Y o

U In Europethe EOupstream segmentis valued at EUR1.6 billion which represents64% to 76% of the revenuesof the. Ul
economy Therevenuesof the EuropearEOServicegndustry (midstream+ downstream)amountedto EURS11 million in 20

T 2

U  Theglobal EOdownstreammarket is valuedat EUR2,8 billion in 2015. It is expectedto grow to EUR5.3 hillion in 202 t .-’-%Rj :
growth rate of 13%. TheEuropearmarketshare,estimatedat EUR632 millionin 2015, is growing A TSy

U  Themain innovationin the EOdownstreammarket is the implementationof platforms. Thiswill drastlcallychangeacces,c,to
overthe comingyears o

U EO20 playersare enteringthe market with an innovativeapproach Thesestakeholdersyertically integrated,have in- hous a
to manufacturesatellitesbut alsoto handlethe data and developand offer services

U Lessondearnedfrom the Landsatprogrammeare fundamentalto supportthe creationof a real spaceecosystemn Europe1 ‘
’

\‘,

European

= Commlsswnﬁ ‘! f- ".:l-.»r !‘



European Earth Observation Economy
What is Earth Observation? (Source: PwStrategy& analysis)

Overview of Earth Observation

Earth Observation (EO) refers to the use of remote sensing
technologies to monitor land, marine (seas, rivers, lakes) and
atmosphere

INFRASTRUCTUREANUFACTURE

Satellite based EOrelies on the use of satellite-mounted payloadsto
gatherimagingdata aboutthe @\ m charbcteristics

UPSTREAM

The first essential parameter for EO technologiesis the type of

information provided
Passive remote sensing: the n \ o ° gegndte seriging payload
monitors the energyreceivedfrom the Earth due to the reflection
and re-emission of the N p i énaergy by the @\ m csurféice or
atmosphere Optical or thermal sensors are commonlyused
passivesensors

A Active remote sensing: the satellite is sendingenergyto Earth
and monitoringthe energyreceivedbackfrom the @\ m cuwfata
or atmosphere, enabling day and night monitoring during all
weather conditions Radar and lasers are commonly used active
sensors

LAUNCH SERVICES

(Source: 'ESA)

DATA ACQUISITION

=
<
[
o
=
(9]
(@)
=

DATA STORAGE

Thesecondessentialparameterin EQis the sensorresolution
Low and medium resolution : more than 10 metersper pixe}

A High resolution : between25 and 10 metresper pixet

A Very-high resolution (VHRY) lessthan 2.5 meters per pixel The
use of VHRimagery with a higher resolutionthan 0.3 meters is
subjectto restrictionsthat limit it to governmentapplications

DATA PROCESSING

SERVICES INDUSTRY

PREPROCESS DISPLAY ANALYSIS

——

DOWNSTREAM

x 2050 to 2410 million :

Revenue®f the European Earth Observation
Economy in 2014

END USERS

Nota Bene Thestructureof the value chain dependson the taxonomyadopted the traditional taxonomysegmentsthe
value chain betweenUptream/ Midstream/ Downstreamwhile the EARSGaxonomy segmentsit betweenUpstream/

. . Servicedndustry.
1 SourceEurospace2015. Factsé& Figures & PwCStrategy& analysis

European | C I
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EO market

Key statistics for the Earth Observation upstream segment

In Europe, the EO upstream
segment values

x 1.55 billion

which represents 64% to
76% of the European EO
economy.

Theupstreamsectorincludes

A EO satelites and ground segments
manufacturers

A Launchservicesproviders

A EOpayloadsmanufacturers

A Space\ b i EGptogrammes

Forthe Copernicus programme, around60% of initial spendingis retainedin the
spacesectoras GrossValue Added(GVA)and the remaining40% flows downthe
supplychainto nonspacesectors Theoverall value added generated by this
spending is estimated at about EUR10.3 hillion .

In Europe, the revenues from EOupstream
activities are estimated around EUR 1.55
billion in 2014. This includes, after
consolidation,space institutional budgets and
manufacturingindustry revenuesfor the space
segment

In 2014, sales of Earth Observation space
systems by the European Space
manufacturing industry reached EUR1.03
billion, representingabout17% of all European
spacesystemsmanufacturingrevenues

0 0.82 billion

European Manufacturin
Industry for EO in 2014

0 1.03 billion

The EO space systems market is mostly
domestic with 80% of revenuescoming from
Europearsources

Impact of investment in the Copernicus
Period 2008- 2020

Initial Spending

EUR7.4 B

Total Gross
Value Added
EUR10.3 Bn

programme

For 1x spent by public
funds in  Copernicus
upstream activities, the
value added in the
whole economyis 1.4 x.

European Earth Observation space segment industry
indicators in 2014 (SourceEurospace, 2015acts & Figures)

Sales in 2014 EO industry sales

global share

_Enabled industry 5540 21.1% Private and Export
jobs market share

Over2008-2013, the Copernicuprogrammegeneratedadditional employment
in the European industry equivalent to about 15,580 person years. Mostof
this impactis felt in the spacesector (whichis typically high-skilled)with 11,750
personyears,but the increasein the spacesectordemandfor goodsand services
also generatedadditionalemploymentalong the supplychain equivalentto 3,830

personyears

In addition, the Copernicus programme generated government revenues
correspondingto income tax, taxes on products and employees'social security
contributionsrepresentinga cumulativetotal around EUR1.5 Billion over2008-

2020.

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC
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EO market

Key statistics for the Earth Observation downstream market

TheEOdownstreammarketincludesall the actors
involvedin the exploitationof EOdata, providing
EOrelated productsand servicesto end-users For
end users, the value of the EOdata lies in the
productsand serviceshat makeuseof it.

The EOdownstreammarket includesin particular
Value Added Services(VAS)companiesand gec
information companies,developingproducts that
exploit EO data. In the sectoral value chains
analysis these actors are termed intermediate
users.

A EURS.3 billion global market in 2020

TheEOdata and value addedservicesmarket has
been growing steadily over the past decade,
reachingEUR2.75 billion in 2015.

Data Salesand value-addedservicesare expected
to keep rapidly expandingin the coming decade,
reaching EUR 5.3 billion by 2020, with a
CompoundAnnual Growth Rate (CAGRpf more
than 13% over2014 , 2019.

Cloud platform holders, providing storage and
easyaccessas well as cloudprocessingpowerand
tools for basicimage processingare expectedto
play a major role in the EO data market in the
coming decade,as already witnessedfor instance
with AmazonWeb Servicesand its opendata pilot
projectbasedon Landsatdata.

The variety of EO data creates tremendous
commercial opportunities, across sectors from
agriculture to fishing, through construction and
transport, oil & gas, renewable energies, or
insurance,boosting economicgrowth in general
The emergenceof numerousnew players, mainly
Smalland MediumEnterprise SMEs)will support
job creationin the market

6000

5000

World Market Share -

Others

Airbus DS 16%
Geo
14%

MDA
geospatial
Services
2%

Planet
5%

EO data sales
(Source: adapted from Frost & Sullivan, 2014)

Digital

4000

3000

12.8%
2000 11.3%

Globe 1000
63%

2015 2016

. Data

Commercial data sales and value -added services

worldwide from 2015 to 2020

(Source: adapted from Technavio, 2015. Global Satebased Earth
Observation Market, 201:2020)

(in EUR Million)

30%

25%

20%

16.2% 15%

14.8% 15.3% 1.5%
10%
5%
0%
2017 2018 2019 2020
VAS Growth rate
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Earth Observation downstream market shares

Market shares

EO market

Global satellite -based EO market by geographic area 2015 - 2020 Global satellite -based EO market by vertical segment 2015 - 2020
(Source: adapted froritechnavip2015) (Source: adapted from Technavio, 2015)
= Defence &
North America: Intelligence Energy
2015: 48% A 2015 36% A 2015: 8%
. . . 0
_ 2020: 41% A 2020 33% A 2020: 9%
0 EMEA:
A 2015: 26%
w 2020: 29% e Weather forecast & Agriculture
- meteorological apps )
APAC: A 2015 11% A 2015: 7%
) 2015: 21% A 2020: 12(; A 2020: 9%
2020: 24% e
Latin America: e g Location -based [
2015: 5% N services nsuranc.e .
2020: 7% A 2015 10% ﬁ 2015: 6 0/0
v S A 2020: 9% 2020: 7%
© 2,751 Million - 0911 Million -
’ European EO Servicasustry (midstream and
Global EO downstream market in 2015 P Sty
downstream)in 2015
Data seller Other
Conseli}(t)ancy P /_ 1%
Downstream
IGIS services
7%
Other data Value
acquisition .
1% adding Split of
A services
“11; EO data European
O 632 MI”IOn 1 reception & 44% Services
. distributi
European EO downstream market in 2015 e Industry
Satellite (Source:
Hardware/Soft operator adapted from
ware 16% EARSC, 2015

1 SourceTechnavip2015. Global Satellitdbased Earth Observation Market, 208920. s Conversion rate: 2015 average
rate: 0,9019 (European Central Bank)
2 Source: EARSC, 2015. A Survey into the State and Health of the European EO Services Industry. Prepared by EARS]

10%

C, under

assignment from ESA. September 2015.
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EO market

Trends in the EO downstream market

A Geographic Information System (GIS) is a

° A j h k ipformation system that can input,
store, manipulate, analyse, and display
geographicallyeferenced(spatial)data to support
decisioamakingk mj 2 Lt allows spatial data
to be combinedwith other types of data and so
EOdata can be one of the sources Hencethe GIS
market encompassesthe EO market Technavio
estimatesthe GISmarket to be around EURS8.8

billion in 2015.

Satellite basedand airborneEOdata are the heart
of GIS products and services GIS providers
combine this core imagery with other
sources (in-situ data, navigation signals,
social media information etc), creating very
high-value-addedproductsfor endusers

The strong growth of the GIS market should
be seen as a potential opportunity for
growth  for EO downstream  players
(intermediate users) if they manage to adapt
well to a market in which there are multiple
sources of data.

The leader in the GIS platforms market for
Oil & Gas is theArcGIS platform, developed
and operated by the US compa®sri The
company has captured between 880% of
GIS platform sales to the Oil and Gas
industry.

1 Source: GIS Map Info websitenvw.igismap.com/gigeographieinformation-system

Space start-ups are emerging in the imagery
market This is correlated with the surge of
constellations of small satellites , whichdiffer
from traditional large EO satellites by their low
cost for access to space and hence to EO
products, and the delivery of near-real-time
images.

Thesenew playersare called EO2.0 actors,often
closer to the IT industry than the space sector.
They are targeting very high resolution imagery
(mostly optical) with a very high tasking capacity
comparedto traditional players Thegrowth of EO
2.0 actors should promote the developmentof a
mass-market for very high resolution
imagery in nearreaktime in the future.

Cloudcomputingis a new way to accessdata that
facilitates large-volume storage Users do not
need to download and store the data on their
own hardware, reducingthe cost of access It
gives users accessto a wide range of different
sourcesof data with a uniqueentry point

Thereis strong competitionamongcloud providers
suchas Amazon Web Services (AWS), Google,
Microsoft, Oracle or IBM and this is helpingto
bring downthe costsof storage

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

The data providedby drones are very useful for
small and local area surveys,providingvery high
resolution imagery that are complementary,
rather than substitute,to Copernicudike data.
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Nowadays,publicly-owned EO programmestend
to provideopenand free-of-chargeEOdata, such
as the well-known Landsat programme, or the
Europearinitiative, Copernicus

An open data policy gives all types of users
access to free, low and medium spatial

resolution data with interesting temporal

resolution . This acts as a game changer for
numerous applications across many economic
sectorsrelated to agriculture,oceanseconomy oil
& gas, air quality, insuranceor smatrt cities, for
instance
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EO market

Platforms

EO downstream platforms

The platforms era

The last component of the EO downstream
market, the platform , only represents a tiny
fraction of the EO downstream market, but EO
downstreamexpertsestimate that the strongest

growth is expected to come from this type of

activity in the future .

This activity implies a switch of businessmodel
from a sceneapproachor pay-perimage,to atile
approach, or pay-per-access/pay-per-time.
Thesecloudbased platforms support on-demand
analysisand the exploitationof synergiesbetween
multiple data sources

Innovative platforms initiatives

To be able to provide digital platforms, very
powerful ICTinfrastructures (storage,distribution,
etc) are requiredin the midstreamindustry. Large
ICTplayersand data companieshave enteredthe
market in recent years, such as Google,Amazon
Web Servicesor Microsoft TheselCTplayers are
facilitating the emergenceof a new digital market
for EO data, and for Big Data and Geospatial
informationin general

Different ways to access EO data

TASKING @ ARCHIVES @ PLATFORM

A Scene approach

($/km2) ($/km?2)

A Ondemand services A Usually interested in
change detection over

A Very specific demand
A Geographic time
coverage

A Sensors A Comparable data

A Specific timing

included in this
category

A Scene approach

Long series of data
A Spatial resolution A Geographic area

(archive continuity)
Nearreal time data A Comparable
»odhdi b»

Tile approach ($/time)
Digitalisation of the
economy & Big data
paradigm

Onthe cloud and on
demand analysis
New approach, still
under development

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

Downstreamplayers build analytics platforms on
the top of theseinfrastructuresin orderto provide
the interfacethat enablesthe visualizationof data
(APIs) Most of them also offer on-the-cloud
processingA large numberof playersin the USEO
downstream market have already started
developingtheir own platform and some of them
already offer some services and on-the-cloud
processingsuchas Digital Globeor PlanetLabs

The GoogleEarth Enginemakes use of
remote sensingimagery, mostly based
on Landsatand airbornedata. Sentinels
data are also now beingincorporatedin
the platform.

The GoogleEarth Enginehas over 8,000 users on
which approximately2,300 are located in Europe
Of these Europeanusers, 1,100 belong to more
than 290 different universities Sentinef1 has over
200 users, with over 25,000 scripts run on the
collection The GoogleEarth Engineexpectsa much
higherusageof Sentinel2 data whenit is available
onthe platform.
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Copernicus

COPERNICUS MARKET l\

In a nutshell

Ui  TheCopernicuprogrammeis the European O h ¢ i HaihnObservation flagship programme. From2014 to 2&0 *
Union(EU)will commitEUR4.3 billion to Copernicus. P
N ey

U  Throughits set of componentsthat collectdata from varioussources, EOsatellites (the Sentinels) and a muItitUd . " ,
sensors on the ground,at sea,or in the air , Copernicugsespondsto the needsof its users, Europearcitizens, in th I dal
through ‘

\ H

U Copernicus has six thematic services (Land, Marine, Atmosphere, Climate, Emergency and Securlty)'
developmentof many applications The Copernicuservicesprocessand analysethe data, integrate it with other sou&:
the results »

world , with 8 Petabytesperyear

U TheCopernicus programmeprovidesdata and servicesthat supportadded value in several non-space domains, for d
numerousdifferent user segmentssuchas Agriculture, Forestry, Urban monitoring, Transport, Tourism, Cllmate.
Environment, Blue economy, Energy & Natural resources, Disasters management, Insurance, Health, Security A
Development and Cooperation.

0  Thisreport focuseson eight promising downstream domains / user segments ensembles - referred to herhﬂ
] b [ cihwihfchCopernicuslata and servicesare currentlyused Agriculture Forestry,Urbanmonitoring,Insurancewi

focuson natural hazards Oceanmonitoring,Oil & Gasand Mining Renewablegnergiesand Air quality management

"y
))
“‘~ CUITIITIISSIOHH q d
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Copernicus
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The Copernicus programme is the European
Oh c i h *&anth Observation flagship

programme. From 2014 to 2020, the European
Union (EU) will commit EUR 4.3 bhillion to

Copernicus.

The Copernicusprogramme consists of a set of
components that collect data from various
sources EO satellites (Sentinels) and a
multitude of in situ sensors. Eventually,the
Copernicusprogramme will comprise 6 satellite
categorieg(Sentinell to SentinelB).

Copernicusrespondsto the needs of its users |
Europearcitizens, in their daily lives through its
six thematic  services: Land, Marine,
Atmosphere,  Climate, Emergency and
Security supporting the developmentof many
applications

Land Monitoring

Emergency

management

Atmosphere
monitoring

Climate change

Security

+ Pan European local components
Global Systematic and hotspot
component

Mapping
Early warning system

Maritime environment monitoring

» Border surveillance
Maritime surveillance
« [External actions

Overview of the Copernicus Core Services
(Source: PwStrategy& analysis)

Copernicus
Core Services

1 Source: European Commission, 2015, Copernicus is the EU Earth Observation and Monitoring Programme. [ONLINE]

2 SourceEARSC, 2015, European Geospatial services.
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Copernicugbjectiveis twofold:

A develop an independent EO capacity to
deliver services in the environmental and
securityfields;

A create  business
European companies.

opportunities for

TheCopernicuprogrammeis expectedto resultin
the creation of about 48,000 jobs over the
period 2015-20301.

Copernicus is the 3rd largest data provider
in the world, with 8 Petabytes per year. No
previous EO initiative has ever provided such a
volume and diversity of data, and this poses
challenges  for collection, referencing
disseminationprocessingand delivery.

Today a rising number of Small and Medium
Enterprises (SMEs) are focusing on the
developmentand sales of value added services
and productsbasedon Copernicuslata. According
to the EuropeanAssociationof Remote Sensing
CompaniedEARSC)he sector comprisesaround
400 companies in Europe, 95% of which are
SME$¥, and has strong potential growth prospects,
with a CompoundAnnual Growth Rate (CAGR)
higherthan 10% expectedover2006 , 2014.

The global downstreammarket has an important
growth potential and its development is of
substantialimportancefor the EU

Commission

European | Lopernlcus

Europe’s eyes on Earth
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Copernicus main applications areas

The Copernicusprogramme provides data and
servicesthat support added value in several
non-space domains. The outputs of the
programme support a variety of applications ,

potentiallyimpactingbusinessesand organizations

in dayto-day business and operations, and
facilitating decisionand policy makingprocesses

Agriculture

Monitoring soil moisture, surface temperature, photosynthetic
\“odqgdot ¥

Climate change & Environment
J]n mgdib n°\ g g g mdn ' dA~°

Energy & Natural resources

Selecting production sites, facilitating exploitation, monitoring pla
i ~orj mfn¢

Health
Monitoring air quality, mapping of potential outbreaks of epidemi
or diseases

Transport
Supporting air traffic, drawing shipping routes, monitoring road
n\a ot

) d i
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The present report focuses on eight

promising downstream ! p [ f] d_[ c dr nser
segmentsensembles Agriculture Forestry,Urban
monitoring, Insurancefor natural hazards,Ocean
monitoring, Oil & Gas and Mining Renewables
energiesand Air quality management

Blue economy
Enhancing marine knowledgmd the ocean economy

Forestry
HVkkdi b nk>2d  n' hjidojmdib _°

Insurance & Disaster management
Km g iodib _dn\no  mn

Tourism

Planning seasonal tourism activities, contributing to {h@tection of
natural heritage...

Urban planning
Monitoring infrastructure, construction building, urban sprawl, la
Nc\iob

Overview of major areas leveraging Copernicus data and services

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC
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Key specificities

Historically,agriculture has been one of the first areas in
which EO programmes have played a role. Indeed,precision
farming techniquesusing EO data started to emerge in the
1990s.

The EO downstream revenues related to Agriculture are
valued at more than EUR70 million in 2015. Intermediate
usersare very heterogeneousand includea diversity of players
start-ups, micro companies,SMEs,larger players, and purely
scientificplayerssuchas researchorganisationsand universities

The typology of end users is quite balanced between
public players (suchas governmentalauthorities which need
precise information in the framework of specific policies and
regulationsor to monitor specificissuessuchas food securityor
droughts),and private players (agriculturalcorporationsfood
companiesetc.).

Farmers, which account for most of the end users for
agriculturalproductsbasedon EOdata, may face difficulties in
paying individually for the services Thus,the direct clients of
intermediate users are in many cases agricultural
cooperatives whichthen distribute the productsto the farmers
they represent

Sentinel-1 and -2 data is used by many public and private
service providers in order to develop their products and
applications

Agriculture

Copernicus applications

%

Precision farming applications such as yield mapping, input
managementfarm managementrecording getc.

Seasonamappingsof cultivatedareas
Fieldscaleand cropdynamicsmapping
Irrigationmanagementand droughtmonitoring

Foodsecuritymonitoringand agriculturedevelopmenin Africa

Copernicus economic impact (2015)

9.2° 137
EUR million

Examples:

Improvement of irrigation
management

70% reduction of the cost of a
precision agriculture service,
thanks to Copernicus

Enabled revenues for

' N End user benefits
intermediate users

European | L
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Agriculture

The EO market related to Agriculture

One of the first downstream EO markets

Since the1990s, EO data has supported precision
farming, by contributing to the identification and
quantification of ways to vary various agricultural
inputs across the farm in order to tailor farming
practices Thesetechniquesallow farmers to increase
their productivity by optimising the use of water,

fertilizers, seeds and pesticides.

A rather fragmented market

Awide range of playersoperatesin the development
of VASstart-ups and SMEs|arger playersand purely
scientific players VAS companies sometimes
partner with other specialized organisations
(researchinstitutions for example)in order to better
understand the needs of end users A few large
agricultural corporations have recently acquired or
are in the processof acquiringVAScompaniessuch
as Monsantowhich acquiredthe Climate Corporation
in 2013.

Many SMEsdevelopvalue-addedapplicationsbased
on EOdata in the agricultural sector, such as GIM
(BE)which uses Sentinef2 data to develop specific
smart farming applications,or EFTADE)which has
developedspecificproductsto controla \ msubsidy
schemes

Launchedin 2011, the Global agricultural geo-
(GEOGLAM) seeks to
coordinatesatellite monitoring observationsystems
in various parts of the world to °reinforce the

monitoring

initiative

international » j h h p i chmatitytm produce and
disseminaterelevant, timely and accurateforecasts
of agricultural productionat national, regional and
globalscalesby usingEO_\ o\ »

Opportunities are expected to arise in developing countries which

are threatened bnyOd Security ISSUES . Asan

example, EO data can contribute to monitoring the impacts of the
°El Ninwphenomenon which causes important droughts in several
parts of the world.

s Overall EO % of the overall Intermediate
En?”iol:) downstream market for om_| m¥% |
market 1 Agriculture only 1 for Agriculture
2012 786 7.5 % 58.95
2015 911 7.8% 71.06

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

The added value of EO data in the agricultural field is
recognised internationally and implemented through

wide-scale initiatives such as GEocLAM,

which, thanks to the promotion of remote sensing tools in the
agricultural sector, is supporting the creation of potential
opportunities for VAS companies.
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Agriculture

The EO market related to Agriculture

Current use of EOdata in the agricultural sector

Satellite imagery can boost revenues for agricultural
applications Applications related to EO facilitate the
detection of inadequate irrigation and soil erosion. EO
outputs make a significant contribution to the efficiency of
modern agricultural practice, while ensuring consistencyand
broadcoverageof the data.

The most prominent agricultural sub-domain in which EO
basedproductsare developedis precision farming , for very
specific techniques The products provided are quite precise
and userfriendly (somedelivercomprehensivenformation on
the state of cropsusingcolourcodes)

Blackbridge developed
monitoring programmes
for agriculture based on a
satellite imaging solution for
comprehensive and regular
coverage of large
agricultural areas. This
innovation has a huge
collection capacity: it can
capture more than 5 million
squarekms per day.

_

gy

Capture of fields near
Washington in the US using the
Normalized Difference
Vegetation Index (NDVI)
(Source: Blackbridge, 2015)

Precision farming

A Yield mapping

A Input management

A Farm management
recording

Seasonal mapping of
cultivated areas

Water management and
drought monitoring

Support to subsidy
controls

AMore efficient and

AFarmers appropriate use of
AAgricultural agricultural inputs
cooperatives Alncreased

productivity

AAssessment of crop
location changes
ABetter monitoring of

food security issues

APublic authorities
(national, regional)

Decision makers

ANational Publig
authorities

Alnternational bodies

APrevention and
improved monitoring
of meteorological and
hydrological droughts

AMore efficient
AFarmers (who controls

performthe controls) SR IR RN S
APublic authorities during the

(providing subsidies) performance of
controls

Synthesis of current EO applications in the Agricultural sector

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC
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Agriculture -related products supporting public and private end users

Commercial and public satellite data
are combined with field data

Service providers use both data from public
satellites and data from private satellites .
Serviceproviderscurrently use a large amount of
Landsat data. All the stakeholdersinterviewed
have indicated using Sentinel-1 & 2, and in
most cases developing precision farming
applications Service providers are planning on
integrating Sentinel-3 data in order to benefit
from mid-resolutiondata.

Satellites from private providers are also
combined with Sentinel data: SPOT Rapideye
and Worldview for example are used for
VHR data.

Dedicated platforms are used by in-
house remote sensing experts and
agronomists

The Copernicus Land Monitoring Service,
provides gecinformation on land cover and
variablesrelatedfor instanceto the water cycle

The Earth Observation Data Centre for
Water  Resources  Monitoring provides
agriculturerelated EOdata, and a range of tools
supporting collaborative processes for VAS
companies

Maps of parcels, crop masks and types
developed by VAS companies

Serviceprovidersare developinga wide range of
productssuchas maps or images of parcels of
land which use colour codesto representcrop
disease or a lack of irrigation , with information
on the amount of water or fertiliser needed
for a specific portion of the land parcel for
example

Agricultural  cooperatives and public
entities can then adapt their practices

Clientsare typically agricultural and industrial
cooperatives or local relays which then
distributethe servicewithin their network

Public end users include ministries and other

types of governmental bodies, and sometimes
local authorities,interestedin information suchas
seasonalmaps of cropsand acreagesin order to
assesscroplocationchanges

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC
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The EO value chain for Agriculture

Value-added service providers (intermediate users)
Acquiring agricultural data Processing of agricultural data

Raw data

Development of software and

specific applications Used by farmers, policy makers...

In-house capabilities to process

Establishment of partnerships Training

A Data from publicly funded
satellites

A Data bought from private
satellite operators

In situ data

A Use of different types of field
data combined with EO data

A

agricultural data

Recruitment of experts with two
types of background: remote
sensing on the one hand and
agronomists on the other

Use of various platforms to

A

process the data

Several service providers use
dedicated platforms to access
or process the data specifically
for agriculture

with other specialised
organisations

In several cases, VAS
companies establish
partnerships with other
organisations, such as
researchcentersspecialised in
one specific topic

Partnerships with large private
corporations allow SMEs to
benefit from their
infrastructure

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

A VAS companies provide specific
training for their clients or end
users so that they can fully
exploit the data and information
provided

7 4
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Agriculture

Copernicus has a substantial impact on the Agricultural sector

All stakeholders interviewed in the framework of this study! are using
Copernicus data and more specifically Sentinell and 2 data, in order to
develop precisionfarming applications,for instance using Sentinet2 data to
monitor the amount of chlorophyllin plants Sentinel2 data is also used
becauseof its coverageand resolution the 10-meter resolution supportsthe
developmentof field scale mapping and its 5-day revisit time capability is
useful to map monthly crop dynamics Sentinelsdata is also used by private
stakeholderswho are leading projects on food security in Africa Some will
integrate Sentinet3 data as soonas it becomesavailable

Sentineldata is rarely the only source of data used and is often combined
EOand in-situ data. As an example,the %" nhjj ki d sejvicedevelopedby
GEOGLAMombinesSentinel2 with Landsatdata in order to obtain accurate,
timely and globalinformation on cropconditions

Terranis a spinoff of Airbus
gec-intelligence, has developsg
a specificapplication for

wine makers: the objective is
to optimize the wine harvest [
quantitatively and qualitatively.
The application provides
information to end users a few
weeks before the harvest so
that they canadjust cultivation
methods to improve the quality
of the wine.

The status of vineyard vigor and
heterogeneity captured by Oenoview
(SourceTerrani3

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

=ij _l hc]om%%b mnl _hanbm [ h~"
(Source: stakeholdernsultatiort)

ijjilnoh

Copernicugelated events
organised by the EC or ESA
have demonstrated their
usefulness for building

The availability and reliability of
Copernicus data allows service
providers to develop evemore
reliable and qualitative
agricultural products that are

user friendly .

networks and create new

partnerships in the
agricultural field.

Thevariety of EO

products allows many sub The products developed based
sectors to be addressed, such O? Cop_e m'ci’s BB B W
as precision farming techniques L_mCt'Ona and can be
water management techniques, €asily adapted to different
products directed toward public scales and user needs.

authorities, etc.

As economic and environmental
conditions in the agricultural
sector put pressure on natural
resources, recourse to EO data
is becoming increasingly
necessary, especially in the

public sector to monitofood

security .

The Copernicus programme hal
increased awareness
among agricultural end users of

the potential use of EO data ,
which will create new
opportunities for service
providers.

1 Source Stakeholderconsultationbasedon interviewswith a sampleof European
stakeholderdrom the agricultural valuechain 6 privatecompanief differentsizes,
one international organisation, orresearchcentre and oneegionalnetwork
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Copernicus

Agriculture

Copernicus significantly impacts the Agricultural sector

Economic
impacts

B

AUse of Copernicusdata in agriculture has led to moderate job
creation

AThanksto applicationsbased on Sentinel data developedby VAS
companiesfarmers can increase their productivity by a more
efficient and appropriate use of agricultural inputs (up to
20%)

ACopernicus data should create additional business
opportunities and enable service providers to boost their
sales additionally (expected)

Social
impacts

AThe organisation of specialised conferences and events on
agricultural -related topics are of significant added value for
youngstart-upsto build their networks

APrecision farming applications based on Sentinel2 data help
farmersto produce food of better quality and which has fewer
risks for human health

Theproject Sentinel -2 for
Agriculture generates 4 added
value productsimages without
clouds produced on a monthly
basis,crop masks which indicate
where the cultivated fields are,
crop types which identify
automatically the dominant
cultures in an area, and theeaf
Area Index (LAI) which is a real
time indicator of the level of
vegetation.

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

Airbus geeinformation services has a leading precision
farming application that was launched 15 years ago: the
FARMSTAR project.

Approximately 15,000 farmers are using th&armstar
application. The farming cooperatives which purchase
this application benefit from various solutions such as
assessments andecommendatiorstatements

Environmental

impacts

APrecision farming services reduce the
potential negative impact of agriculture

on the environment by enablinga more
efficient and appropriateuse of inputs I
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Agriculture

Copernicus revenues in the Agriculture sector

. Copernicus-
- EO interm. % of
As precisionfarming servicesrepresentabout 93.3% of the revenuesgeneratedby EO InEUR Freeision T e Copernicus enabled revenues
servicesin the agricultural sector, the quantitative analysis of the Copernicusenabled million farming for_precision enabled for EO interm.
revenuedocuseson this specificsector. market farming revenues users for precision
farming
In 2015, the Europeanmarket for precisionfarming accountedfor approximatelyEUR 2015 368 66.3 13.9 % 921

368 million (15% of the global market) 1, of which satellite imagery technologies
accountedfor EUR66.4 million. Accordingto the n o \ f ° ccpngultation,Zopernicus 2020 641 221 17 % 37.7
data representsapproximatelyl14% of the revenuesgeneratedby intermediateusers(i.e.
downstream service providers) in the precision farming sector Thus the total

Copernicus-enabled revenues for European downstream service providers GIS GIS interm. % Of_ Copernicus-enabled
operating in the precision farming sector is of the order of EUR 9 million In EUR market users revenues Copernicus revenues for GIS
(conservativeestimate) correspondingto 25% of the total revenuesof the European million  for for precision enabled interm. users for
precisionmarketsector. Agr. farming revenues precision farming

0
Toobtain a maximumestimate,we run the same calculationusing the GIS revenue for 2015 106 98.6 13.9 % 13.7
precision farming (instead of the EO revenue for precisionfarming) and obtain a 2020 493 460 17 % 78.2

maximumCopernicusenabledrevenueof EURL3.7 million.

Theseestimates do not includethe benefits for the end users (the farmers themselves),
but only for the intermediateusers(the downstreamserviceproviders)

Current and prospective revenues enabled by Copernicus in Europe for
precision farming downstream service providers

Therevenuesenabledby Copernicusare expectedto rise in the coming5 to 10
years, both becausemost stakeholdersare planningto integrate a larger portion
90 Extrapolated of Copernicusdata within the overall EO data processed,and because most
80 78.2 SX?XE'QES‘ applicationsbasedon Copernicusiata were at only an initial phaseat the time of
70 benefits study.
?g 60 Revenuegmanatingfrom the Europearprecisionfarming market are expectedto
w5 reachEURG641 million in 2020. Satelliteimageryin the precisionfarming sector
§ 40 37.7 is forecastto represent 34.6% of the market in 2020, of which the revenues
= . directly attributable to Copernicusshould reach approximately 17% of the
= 3 Minimal L . 1 . -
estimate service j | i p c revehuesycorresponding to EUR37.7 to 78,2 million .
20 13.7 Intermediate
10 users benefits
9.2 only
0 1 Source: EARSC (2015). A survey into the StatEHealth of the European EO Services Industry.
2015 2016 2017 2018 2019 2020 Prepared by EARSC under assignment from ESA, September 2015.
Year

Source: Theeport on the Copernicus downstream sector and end begrefits, prepared
by PwC for the European Commission, October 2016 .
European | Operr“cus
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Agriculture

Improving irrigation management via EO data in Lower Austria with the help of Copernicus

In Austria, due to a shortage of precipitation, thegion of
Marchfeld suffers from a water resource management
issue. Farmers have begun to intensify crop production by
irrigation using groundwater anilrigation water accounts
for up to 60% of the total freshwater use in this

region.

The Institute of Surveying, Remote Sensing and Land
Information from the University of Natural Resources and Life
Sciences of Vienna conducted a demonstration campaign
from May to September 2013 on an area of approximately
60,000 hectares to improve irrigation management
techniques.

The particular feature of this project is that GIS and remote
sensing experts decided target the Austrian farmers
directly , rather than agricultural cooperatives.

Among the 30 farmers interviewed0% declared that
further improvements could be achieved by optimizing
the total amount of water requirements as well as by
optimising the distribution of individual irrigation
events.

54% of the farmers interviewed expressed a general
willingness to pay , directly, or via cost sharing, for such a
service.

On the basis that a farmer irrigates up to 2 000 cubic meters
per hectare per year, irrigation costs between EUR 400 and
EUR 1 000 per hectare. As the entire regiorMzrchfeld
(40,000 hectares) is irrigated, the total irrigation cost for one
year would range betweeEUR 8 million and 20 million .

54 % of the farmers expressed a willingness t

pay for a remote sensing service

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

Results

Copernicus
enabled
revenues

Stakeholders compared the irrigation volumes estimated from
satellite and the irrigation supplied by the farmers in order to
estimate how efficiently water is currently used.

They then proceeded to an assessment of the service with the
users. The project was undertaken with the forthcoming
prospect of availability of free satellite data and in particular

of Sentinel2 data (cloudfree images would be available

every 10 to 15 days with Sentine2). The combination of
Sentinet2 and Landsat8 data would further increase the
opportunities to acquire clouftee scenes.

Overall, the service delivereztop development maps
available every 7 to 10 days with a spatial resolution from 10
to 20 meters,evapotranspiration maps and information

and weather data and forecasts delivered daily and finally
specific irrigation requirements depending on crop

types.

The integration of Sentinel data in this specific irrigation
management product will allow a reduction in the cost of
images, which currently range between EUR 15,000 (DEIMOS
1) and EUR 35,00(RapidEygto cover this region.

The service based on Sentir2ldata would have a cost of
approximately EUR 1.25 per hectare per year, whereas it
would range between EUR 2.5 and EUR 4.3 per hectare per
year with commercial data.

70% reduction of thecost of a precision agriculture

service enabledby Sentinel
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Forestry

FORESUTRY

Key specificities Copernicus applications
U In the forestry domain, governance models vary from one a Supportto perform National Forestinventoriesand countrywide
country to the other: in some parts of the world, the majority maps
of forestry owners are from the private sector (eg. Austria, ) )
Finland, France, Slovenia) whereas in other countries (ie. a Measuresof forest biomass (in the framework of the REDD
Bulgaria, Poland Romania,Sweden), most forests are publicly programmemore specifically)
managed
a Monitoring of changes in forest cover (reductions due to
U Intermediate users of EOdata in the forestry domaininclude deforestationor natural disastersfor exampleor an increasein
several private players (from micro-companies to larger forest areasthroughafforestation)
players), public research institutions, and forestry g :
management organisations . u Monitoringof forest fires

u Forestryaimed EOproductsare currently being used by public
end users mainly (90%), rather than by private end users
(10%).

Copernicus economic impact (2015)
a Globalinitiatives, such as the O H ¥Pmogramme on Reducing
Emissions from Deforestation and Forest Degradation
(REDD) require participatingcountriesto obtain highly accurate 42°6.2
and precisedata on forests and thus representopportunitiesfor EUR million
intermediateusers
Examples:
u Both Sentinel-1 and 2 data are recognisedsourcesof valuable

informationalongthe forestry valuechain Improved management of

forest fires, increased wood
] The forestry value chain has historically suffered from the e o AT TR
unsustainability of EO projects and/or applications based sl ] ] J
on EO data, because such projects are funded by public

stakeholderswithin limited timeframes. Enabled revenues for
intermediate users

End user benefits

areen | Opernicus
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The EO market related to Forestry

Many developingcountriesare in need of EO data
related to forestry managementgespeciallyin Africa,
where 26 countries are partners in the P11 %n
Programme on Reducing Emissions from
Deforestation and Forest Degradation (REDD)The
demand in Latin America, especially Brazil and
Mexicojs alsorelativelyimportant

A market mainly driven by the needs of
public end users

Today, more than half of the r j mdforégts are
found in five countries RussiaBrazil,the US,Canada
and China Rapid population change and economic
incentiveshave had very negativeimpacts and since
1990, around 129 million hectares of forest have
been lostt. In 2008, the wood-based
manufacturing  industry in the EU was

employing about 2.8 million people, generating

more than EUR400 billion turnover 2.

EOdata cancontributeto improvingthe management
of forests worldwide by providing accurate,reliable
and complete data on forests. Intermediate users
include SMEsJarger companiessuch as Airbusgeo
information, public  forestry management
organisations, universities or research centres
Several publicly -funded initiatives are also
developingservicesbasedon EOdata for the forestry
community, such as the Global Forest Watch

(GFW)

0,
Overall EO % ohFO EO downstream
(In EUR downstream
5 B downstream revenues for
million) 3 market for
market 3 Forestry
Forestry
2012 786 75 % 58.95
2015 911 7.8% 71.06
Key
Driver 4
1Source: FAO. 2007. Private forest ownership in Europe..
2Qmspac8 Amncplgasqg* 0./1, Q_rcjjgrcqg gsnnmpr kmlgrmpgle md CspmncBq epcecl

European Commission.

3 Source: EARSC (2015). A survey into the State AND Health of the European EO Services Industry. Prepared by
EARSC under assignment from ESA, September 2015.

4 Source: Stakeholders consultation
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Forestry

Forestryrelated geoinformationservicesare mostly
used by public end users (approximately90%*). The
potential market is particularly significant in
countries where forestry owners are private and
whereVAScouldthus supportforestry.

The growing number of partner countries participating in the

REDD programmeuwi create new opportunities for

service providers.

Service providers haveublishedtheir upcoming

EO data support activities such National
Forest Inventories , which wil

Strategy to better involve the forestry community in order
to better define the services provided.

encourage potential end users to make use of such

applications.

jsleq, Npcn_pcbhb “w CQ? _Ib rfc
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Forestry

Overview of EO market related to the Forestry sector

ASupport to perform
National Forest

Thekind of data and information made availablefrom satellites could not be
provided by field information Firstly, EO data is used to develop services
which provide a panoptic view of forest mapping and forest change APublic authorities
mapping and more particularlyto producemaps supportingthe completion (local, federal,

of National Forest Inventories (NFIs). Remotesensingcan allow remote regional, etc.)
areasto be coveredmore preciselyand identify boundariesbetweendifferent

land-usecategories

Inventories (NFIs)
ADetection of illegal

logging

EO data has provento be of incomparableuse to public and nonprofit
organisationsto monitor forest fires: satellite-derived information can

contribute to the identification and tracking in real time of forest-clearing .
fires andlow-intensityfires. AGovernmental ANear reatime
authorities monitoring of forest

EOdata is also a highly useful tool to monitor illegal logging of forests . ANGOs fires

Indeed by usinghigh resolutiondata from varioussatellites,forest managers
are ableto annuallymonitor changesin forest coverage

EOdata is used by public and private forest managersto developdifferent
types of cartographies , of forest biophysicalvariablesfor example EOdata
canalso be usedto monitor the impact of tree clearing within a forest AMonitor the impact of
by forest companies and public authorities which need to keep track APublic authorities tree clearing

of forest activities ,in orderto minimisethe environmentaimpact AForest companies AOptimization of

forestry harvest and
exploitation

ANationaI public AMore precise and
authorities complete data in the

Alnternational framework of the
organisations REDD programme

Synthesis of current EO applications in the Forestry sector

European | C I
Commission Opg};&!g}i&
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The EO value chain for Forestry

»

Forestry

Flnal end users

Value-added service providers (intermediate users)

Raw data

A Data from publiclyfunded
satellites (such as Sentinels
and Landsat data)
Data bought from private
satellite operators (such as
SPOT)

In situ data
A Maps
A Field inspections

Data processing platforms
@N<¥%n Aj m"
platform
Global Forest Watch
European Forest Data Centre
(EFDC)

A Géosud

nomf

In-house capability
A Recruitment of EO experts
A Development of ishouse
models

Acquiring external capabilities

A Partnerships with laboratories
and research departments

A Partnerships with specialised
research organisations

Acquiring f d p ‘ d Development of software and Wide range of users
cquiring forestry data rocessing forestry data specific products or applications g

General forestry management
Assessment of tree stocking
density
Identification of vegetation types
Cartography of forest vegetation
Tracking illegal logging

Monitoring of forest degradation

and deforestation

A Measurement of carbon emissions

A Pest and disease control and
management: Detection of disease
outbreaks

Forest fire monitoring and

prevention

A Alert functions on preselected
regions or territories

LEARN MORE SHARE STORIES.

&=
<Qa
1 e ¢
.. oe
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Diverse users
Public bodies: development
agencies, international
organisations, governments
Civil society
Private companies
Scientists

Training

A Training provided by VAS
companies and research
organisations to local
governmental players (such as
ministries)

Extract from
the GFW Fires
map in
Indonesia
(Source: GFW
website,
extracted June
9, 2016)

177
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Forestry

Acquiring and processing data to develop specific value -added products or applications

Intermediate users use a combination of EO data
and in situ data. SPOToffers a 1.5 meter resolution
and is usedfor instancein central Africa (in the the
REDDprogramme) The high coverageof Landsat
data combined with its 30 meter resolution
makes it useful for serviceproviderscoveringlarge
areasin order,for exampleto produceglobal maps
Copernicuglata adds value to the already available
EOdata, and almost all stakeholdersintervieweduse
Sentinell & 2 data.

The GFW provides maps and forestry-related
information using EO for free. ESAis currently
launching the Forestry Thematic Exploitation
Platform for non-expert users, and the European
>j h h d n Ewgpeabtorest Data Centre (EFDC)
provides forestry-related information Since 2015,
the Frenchplatform Géosudhas been launchedby
IGNand providesforestry-relateddata and services

VAScompaniesdevelopmaps or forest change
products to support forest monitoring systems
GFW users can subscribe to specific alert
functions such as fire alerts on a pre-defined
territory. In the framework of the REDD
programme ,GFWalso providesinformation on the
impactof deforestationon carbonemissions

Service providers are starting to develop
ever-more innovative products and provide
forestry experts with tools that directly deliver
reliable measurement In some cases, service
providersalso offer capacity -building sessions
for non-EQexperts

The majority of EOdata end users are from the
public sector international donors (such as the
World Bank), governmental and national
authorities (such as ONF),national development
institutions such as the German and French
development agencies, NGOs and research
organisations Private end users are forest
owners, private companies forestry cooperatives
or associationsvho managethe forest® ¢ \ mqg ~ n o

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC
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Forestry

Copernicus data supports Forestry -related activities

Il hc]l] om% mnl _hanbm [ h” s$e¢tgri | no
(Source: stakeholders consultatiyn

1]
—

Sentinel-1 and 2 data are currently already used by many intermediate . L
Sentinel missions are of

users. Sentinel 1 data is particularly useful for monitoring vast forest = : :
regions and more specifically to detect illegal logging and deforestation. significant addeevalue for Copernicus provides data on
The combination of Sentinel 1 and Sentinel 2 data will add value to forestry because of thavide most forestry thematic

global forest mo_mtonng systems in order for_ example to perfqrm National range of scales they requirements _
Forest Inventories and prepare country-wide maps. Sentinel 2 data
combined with SAR data is particularly suitable for measuring forest
biomass and to monitor changes in forest cover.

encompass.

The majpr_c_em_pha_\sis pulsel :]he Initiatives led by international
REDE 'n't""}t've mctre_ases.t € programmes and organisations
numboer or countries in (such as GFOI) are expected to

need of precise, comparable  poostcooperation and raise

and reliable da_t_a and thus_ awareness within national
creates opportunities for service

providers. governments.
The Copernicus programme The increasing need in many
facilitates access to forestry countries tosystematize ,
data throughout the world, eve standardize and
in certaindeveloping improve their forest
countries where several monitoring systems creates
areas were protected by additional opportunities for
national governments. service providers.

1 Source 9 major European sectoral stakeholders were interviewed 5 private
companies(including one start-up, one large player and 3 small or intermediate
companie$, two researchcentres,one internationalorganisationand one public forest
organisation

uropean | Lopernicus
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Copernicus data supports Forestry -related activities

AsSentinel data accounts for 11.5% of the total amount of EO
data used by downstream service providers in the forestry value

Economic chain (conservativeestimate)
Impacts ATheintegration of Sentinel data in forestry applications should AO=¢,0éBknaopnuéPdai ] pe_FAt
boost the use of EOby non-expert forestry usersespeciallythrough Platform , which should be operational during
the launchof dedicatedplatforms such as A O = k- DEP(expected) the last quarter of 2016, will provide end users

with a large amount of accessible and
understandable data and services for forests.

ACopernicusdata increases the knowledge and competence of
forest owners and policy -makers
Social
impacts ABy better preventing and monitoring forest fires, Sentinel data
contributesto reducing the negative impacts on public health .

AThroughthe REDDprogramme Sentineldata will reduce the negative

Environmental environmental impacts caused by deforestation and forest
impacts degradation .

european | Gpemicus

Europe’s eyes on Earth

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC



Revenues

Forestry

Copernicus revenues related to the Forestry sector

Copernicus current enabled revenues in Forestry

Basedon EARSGigures?, the EQintermediate p n *~ meweAdgesin the forestry
domain are approximately EUR36.5 million. Some 90% of the stakeholders
interviewedare using Copernicusdata and Copernicugiata currently contributes
approximately 11.5% of the total amount of EO data used (conservative
estimate),suggestingthat the value of Copernicuglata to forestry management
was just under EUR4.2 million in 2015 (conservativeestimate) To obtain a
maximum estimate, we run the same calculation using the GIS revenue for
forestry . Thisyieldsa Copernicusenabledrevenueof EUR6.2 million.

This is a conservative estimate of the value of Copernicus becausethe
calculation only captures the revenue obtained by EOintermediate users.
Thevalue of Copernicuslata to end users(eg. forest owners)may be sizeablebut
it is difficult to estimatebasedon the availableinformationand data.

EO interm.  Copernicus- . Copernicus-
GIS interm.
o m_ | m¥enabled enabled
(In EUR om_1| m¥Y
million) revenues revenues for revenues revenues for
for EOinterm. GIS interm.
Forestr users for Forestry Users
Current and prospective revenues enabled by Copernicus in y
Europe for Forestry downstream service providers 2015 36.5 4.2 54.1 6.21
2020 41.10 7.6 855 15.8
18 Extrapolated
15.8 maximum
16 expected
14 benefits
- =i j _ 1| h oiojecteds contribution to the global and
x 12 .
2 European revenues in the Forestry sector
Y 10
s 8 76 . The impact of Copernicudor forestry-related service providersis expected
= 6.2 ' M'tr!'mf’t" to growin the next5 to 10 years Onthe assumptionof an averageCAGRn
6 es |ma.e EOimageryover2015-2020 of 12.6%, the revenuegeneratedby Copernicus
4 42 iermediate would be between EUR7.6 and 15.8 million in 2020. The launch of
2 only specialised platforms is expected to contribute significantly to raising
0 awarenesf endusersaboutthe benefitsof EOdata in their activities
2015 2016 2017 2018 2019 2020
Year

Source: Theeport on the Copernicus downstream sector and end besefits, prepared
by PwC for the European Commission, October 2016

1 Source: EARSC (2015). A survey into the StatEHealth of the European EO Services Industry.
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Case study

Mapping forests in Mexico in the framework of the REDD programme thanks to Copernicus

A pilot project was launched in March 2015 in Mexico in the

Implementation of the ESA Forestry Thematic Explo_itation temperate and tropical regions of Chiapas (73,311 kn?)
Platform (FTEP) has been sut_)contractEﬂVTTl'echnlcal and Durango (123,317 kn?) with the objective of using
Research of Finland Ltd as Prime Contractor Sentinel-1 and 2 data to map forest cover in the

. . . framework of the REDD+ programme.
This dedicated platform will be a orstop shop for both

academic and commercial users, including Copernicus core The initial phase of the pilot project consists of an accuracy
services, UNREDD and other international programmes, assessment of the Chiapas and Durango states through
national forest inventories, universities and research centres, randomlysampled Pleiades data locations. In total, 100 40m x
forest managers, value adding industry, NGOs etc.), and will /' +h °kgjon» ja ajm non ' rdgg ]
provide services based on pyrocessed Copernicus and these 100 plots, 25 will be used for model training and 75 for
other types of satellite data, ancillary data, and computing an independent accuracy assessment.

power. The platform will provide various functionality such as
access to EO data, visual product analysis, EO and GIS
toolboxes, simple user interface and advanced features, 2
support of insitu data, product accuracy assessment, 200’000 km
collaborative working and a support helpdesk.

area monitored for forest mapping

The objective of the HEP prime project stakeholder is for
Sentinel -2 data to account for up to 90% of the entire
data processed.

All available Sentinel images have been acquired and will
be calibrated. A mosaic image will be developed using VTT
in-house software. The forest map will be constructed by
applying a random forest classifier of th®rfeotoolbox, an
open source library for remote sensing images funded by the
French Space Agency (CNH®eforest maps will be

published with a 40 meters pixel size. Sentiretlata

images will be selected and used if they are relatively cleud
free.

The spectral bands of Sentin@ missions are particularly
suitable for the assessment of important structural and
biochemical variables in the vegetation, and Senti@alata
will improve significantly the quality of forest

mappings, with regard to the identification of tree
species for example .

Copernicus
enabled
revenues

The preparation of forest maps based on Sentitiehnd 2
data should greatly improve the efficiency of the current

Sentinel-1 Map process which relies on field inspections only. The

2014 -2015 of establishment of the Forestry TEP is also expected to diversify
Chiapas Region in and balance the distribution of takeip between expert users,
Mexico (Source: intermediate users and neexpert users.

VTT Technical

Research of Finland
Ltd and the Forestry
TEP Team ESA)

European | C I
Commission Opg!:ﬂ!g}i%
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Uthan Moricring
YUREBAN MOQNIT@HING

Key specificities Copernicus applications

a EOdata is already usedin many urban monitoring products
such as urban growth monitoring, land use, change detection,
environmentalimpact managementand tracking transportation
routes

0] Urbangrowth monitoring
0] Changedetection

a Theintermediate users are VAS companies, mainly SMEs i 3D modellingeonstruction

U Theendusersare mostly local authorities amongwhom there 5 RogoginiiE (eNsportationroute mappigg
is increasingtake-up despite some cultural barriersto the use
of EOproductsand somebudgetreductionissues

'  Some private companies such as those operating in the Copernicus economic impact (2015)
construction industry or chain stores seeking to expand are

increasinglybuyingEObasedapplications 46° 6.7

i TheEOdownstream market in urban monitoring is already EUR million
well developed,with revenuesof EUR47.4 million in 2015,
representinggrowth of 500% comparedwith 2012.

a Copernicushas a real value added in urban monitoring , in
particular Sentinetl, as it providesa globally better product
thanits * j h k ° ocdnparableftée data. Sentinel2 and the
Copernicud_and MonitoringServicehave also beentaken up by St
intermediate users >j k = midavhspreafemarket in urban _ “
monitoringis estimatedto haveamountedto EUR7.11 million in o

Enabled revenues for

2015. : 3 End user benefits
intermediate users

1.1° 1.4 EUR
million

mopean | Opernicus
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Overview of the EO Urban Monitoring market

A limited market currently, but with large
potential

Some 54% of the r j mgoopWation was living in

urbanareasin 2014, a percentagethat is expectedto

rise to 66% in 2050. Basedon EARSGurveys,the

market for urban management is estimated to

be of EUR45.5 million in 2015, five times its

estimated size in 2012. This can be comparedto

the global smart cities market estimatedat USD312

billion in 2015 and expectedto grow by 19.4% by
2020. Growthwill be stimulated by the development
of newsmart cities EObasedapplicationssuchas 3D
mappings

TheEOmarketfor urbanmonitoringis fragmentedas
there are numerous VAS companies providing
often quite specific services. This wide range of
products typically covers topics such as. managing
risk, environmentalimpact, managing social impact,
supporting city planning activities or targeting
commercialleads

% of the overall

Many local authorities are not yet aware of the
added value of EO data and public actors and
environment agencies face tight budgets as a
result of the economic crisis Applications that
particularlyraiseinterestamonglocal authoritiesare
cadastresand spatial repartitionsproducts

Urban Monitoring

New trends such as 3D mapping are supporting
sustained growth. Satellite data is particularly
suitable for such applicationsas d h \ bpixelsiare
preciselylocated geographicallyand temporarily. In
this field, even regular tasks require much
customised data, generating a growing on-
demand market .

The growth of the SMaAIt CItIES market and the key role

that EO applications can play in this field offer strong growth

prospects.

A growing number of sources of data (crowdsourced, other

EO data, etc.) can reombined with EO

data for urban monitoring applications and new

products, such as 3D mappings or sec@oonomic
information on the distribution of population across a

territory.

Intermediate

Overall EO
(In EUR d market for om_| m¥% |
s ownstream
million) i Urban for Urban
Monitoring only?® Monitoring
2012 786 1% 7.9
2015 911 5% 45,5

1 Source: EARSC (2015). A survey into the StateHealth of the European EO Services Industry. Prepared by

EARSC under assignment from ESA, September 2015.

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

European

Commission | Gpg!:ﬂ!g}ﬁ



Overview of the EO Urban Monitoring market

EO data collection offers an easier and often more costeffective method
than in situ data collection and it enables inter -country comparisons.
Another feature of EO data is its capacity for routine periodic and
unobtrusive updating. It is also the only way to get top-down data
collection, providinga new type of information on cities. Open source
data provides more flexibility, enabling the usersto produce customised
information .

EO provides measurements of physical properties such as vegetation
cover,and the impact of urban structure on micro climate and identification
of urban heat island effects. EQis also useful for producingmore accurate
estimates of population size, and for studying the quality of life in an
areaby measuringfor examplethe temperature

A well-known EO application is to support land use and land cover

classification . Thiskind of data is usedby plannersfor land administration
issuessuchas site selection resourceallocation,urban growth management,
slum mapping or zoning regulation EOis cost and time effective for the

analysis of urban built -up areas becauseit allows rapid mapping and
detectionof changeas well as high-speedcadastralsurveying

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

ALocal authorities
AcConstruction _ __
industry players APrevention of crisis

AResearch centres

ADetection,
prevention and

AlLocal authorities mitigation of UHI

AResearch centres A>dodu i n%
AcCarbon

sequestration

ACountering exclusion

AProviding the right
public services at the
right place

AUnderstanding city
dynamics

ALocal authorities

AResearch centres

A Private actors for
commercial
purposes

A Creating scenarios to

optimise
infrastructure
investment and
exploitation

A Prevention and
mitigation of
uncontrolled urban
sprawl

ALocal authorities
ATransport operators
AResearch centres

AAdvantage over

APrivate actors related t competitors
the construction ATime and cost
industry savings for market
AMajor chain stores research

Synthesis of current EO applications in the Urban Monitoring sector
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Urban Monitoring data flow along the value chain

|

==

"

Value Chain

Urban Monitoring

Value-added service providers (intermediate users)

Acquiring geoinformation Processing geoinformation izl € softwar.e apd specific Use by end users
products or applications

EO Data
Copernicus (Sentinel 1, 2, 3,5
Landsat
Terra (MODIS, ASTER)
Private satellites TerraSARX,
RapidEyeWorldview, etc.)

A Historical data

In situ data

A Air quality
A Temperature
A Etc.

Statistical data
A Public population statistics
A Big data

Data processing platforms
A Urban Atlas, ESA Urban TEP,
CorineLand Cover, PEPS, etc.

Processing

A Combination of EO data, in situ
data and sometimes statistical
data.
Historical data can also be used
(e.g. for change detection)

In-house capability
A Skills in Geoinformation systems
and spatial technologies

Urban sprawl monitoring
Share of urbanised land (%)
Consumption of prime agricultural
land for urban uses
Per capita availability of open spaces
Urban density
Integration of new urban development
in the public transport network

Slum mapping
A City mappings that identify slums

Land administration / cadastral
A Land detection; 3D imaging, mapping

Climate and well -being
A Soil sealing
A Vegetation indices

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

Access to urban monitoring

products based on EO

A Platforms for delivering products
0] pn  mn #7j hk\
platform, shared platform)

Use of EO products in urban

monitoring activities

A Support to decision making in
local authorities, governments,
NGOs, international organisations
and private actors

European | ( i
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Value Chain

Urban Monitoring data flow along the value chain

Complementary data are used

For mapping applications, low and medium
resolution satellite data is often used as a
starting point before being combinedwith in
situ or VHRsatellite data. Theseimages can
come from SPOT 5, Landsat, DMGQ3,
Sentinel-2. Urban Atlas and CORINELand
Cover. SARdata is mainly used for change
detection, and comes from TerraSar-X,
RADARSAT, COSMGSkyMed, TanDEMZX,
Sentinel-1. Historicaldata for comparionto
detect changeover time typically come from
ERS,ENVISAT

Accessing data through a range of
platforms

The Copernicus Land Monitoring Service
provides several products useful for urban
monitoring, such as the CORINH.and Cover
and Urban Atlas Other platforms such as
PEPS,ESRI,EODC,Amazon S3 or API are
also used by industry players CloudEQ in
particular, helps users identify relevant data
anddiscovemew products

A large variety of products

EOdata can be uploadedin a GISto analyse
urban surface temperatures or land cover
and to find the nature of the correlation
between different variables Changedetection
has different applicationssuch as monitoring
urban growth, determiningthe best route for a
metro line or verifying the stability of a
structure Some VAS providers produce urban
mappings, construction sites mapping and
single building mapping to map with high
precisionthe populationdensity.

A majority of public end users

Theclientswilling to pay for data come mostly
from local authorities . Other publicusersare
national governments, NGOs and
international  organisations . However, an
increasing number of private actors buy EO
products, such as transport and construction
companies,energy & utilities companiesand
real estate agencies

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC
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Urban Monitoring

Copernicus data supports Urban Monitoring -related activities

Sentinel-1A radar data is usedfor changedetectionand the developmentof
3D models It providesall-weatherimagerywith a rapid revisit period (6 days),
with a wide area coverageand a millimeter accuracy Sentinell data canalso
be used for road and other transportation route mapping Sentinel-2 data

providesrelevant data for urban growth monitoring thanks to its high spatial
resolutionopticalimagery. The Copernicus Land Monitoring Service (CLMS)
supportsurban planning applicationswith productssuch as the Urban Atlas

and Urban indicators for municipalities .

In the near future, Sentinel-3 will deliver products such as high accuracy
and surface temperature with two-day global coverageand near reaktime
productsdeliveredwithin 3 hours

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

=ij_lhc]lom%% mnl _hanbm [ h”" i]j]
(Source: stakeholdensultatior})

Sentinet1A is the
Thequality of Copernicus first satellite designed to
data supports many

applications for cities

disseminateradar images
covering large areas and
enablingtemporal comparison

UAVSs data will improve in
the future, creating more
opportunities of applications
based on both Copernicus and
UAVs data

SMEsdeveloping urban
products benefit from R&D
partnerships with other SMEs

abroad

The emergence of advanced
algorithms to extract data from

o Copernicus enables the creation
satellite imagery, or greater

of partnerships which
organise the supply for local
authorities (e.gSparkinDatx

computational power
open new opportunities for
urban remote sensing
applications

EO is often thebest available source of data for urban
monitoring in developing countries

1 Source Stakeholderconsultationbasedon interviewswith a sampleof European
stakeholderdrom the urbanmonitoringsector. 18 stakeholders including 12 VAS
companies, 4 public actors, 1 ngrofit association and 1 research centre.
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Copernicus data supports Urban Monitoring -related activities

Economic
impacts

Social
impacts

Environmental
impacts

Strategic
impacts

ASentinel1A enablesthe development of new products in urban monitoring (eg. to
monitor constructionsites)

ASentinel2 allows VAScompaniesto save time and money by focusing the use of
expensive/HRdata only whereit is required

AVAScompaniesestimate that at least 15% of their revenuesin EOurban monitoring is
directly attributableto Copernicus

AThe Copernicusprogramme has a strong network effect , encouragingpartnerships
between VAScompaniesto coordinatetheir efforts. Some compniesexpecta 10% of
growth from suchinitiativesand Copernicuselpsthem finding funding sources.

ASentinel3 will improve accuracy of existing products and enable the creation of
new products (expected)

ACopernicugontributesto the maintenance of a good quality of life and access to
public services

ACopernicusincreases ] i gj [ haompeténces (by up to 80% for companies
interviewedwithin this study)

A Sentinel3 will enablethe monitoring of regional areas (expected)

AcCopernicuselpsforecasting and prevention of Urban Heat Islands,
ASentinel3 will helpplannersto makecitiesmore energy-efficient (expected)

AThe CopernicusClimate Change Service (CG3S) will improve the managementof the
environmentaimpactof cities (expected)

AHaving competencesin using Copernicusis a competitive advantage for VAS |
companies

Copernicus Market report | Issue 1, November 2016 | Prepared by PwC

Urban Monitoring

Based on the costeffective multi-scale
approachusing Copernicusthe VAScompany
GIMmanagedto map all slums in the city
of Manila in the Philippines in order to
estimate the density of the population They
achieveda particularly high level of precision
allowing all slums to be identified and
classified 27% of the detected slums were
pocket slums that had never previouslybeen
identified
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Copernicus revenues related to Urban Monitoring
=i |J _ | hcoriet redabled revenues in urban monitoring

Therevenuesof EQintermediatep n ° (herdé#nstreamserviceprovider9 attributable to
urban monitoring are estimated to have amountedto some EUR45.5 million in 20151,
Accordingto the stakeholdersinterviewed,Copernicugeneratesminimum 10% of their
revenues)eadingto a conservativeestimate of the Copernicus-enabled revenues of
EURA4.6 million in 2015 for downstream providers . Toobtain a maximumestimate,
we run the same calculationswith the GlSmarket for urbanmonitoringand obtaina EUR
6.7 million Copernicusenabledrevenue In addition,we follow a study from CISC®which
estimatesthat investmentin Smart cities producesa 25% return on investment Under
such assumption,the benefits for end users (i.e. the municipalities) would represent
betweenEURL.1 and 1.4 million.

=i j _ | hprojeced “ontribution to global and European revenues in
urban monitoring

The EOmarket for UrbanMonitoringis expectedto grow by 17% everyyear from 2015
to 2020. Assuming a constant share of Copernicusenabled revenue (10%), a

conservativeestimate of the expected value of Copernicus data by 2020 is around . . . Copernicus-
EUR12.6 million . This includes EUR9.9 million for intermediate users and EUR25 EO interm. Copernicus- GIS interm. enabled
million of end user benefits However,Copernicusdata will likely grow in importance, (InEUR 0 m_ | m¥%: enabled om_|I m%a'venues for
notably with the operations of Sentinel-3 is expected to provide land-surface ~ million) revenues revenues for EO revenues :
. GIS interm.
temperature for UM interm. users for UM USers
Current and prospective revenues enabled by Copernicus in Europe
Higspective, ; y ~op P 2015 45.5 4.6 66.9 6.7
for Urban Monitoring (intermediate/downstream and end users)
Extrapolated 2020 98.7 9.9 104.4 10.4
maximum
16 expected X X oL )
» 139  benefits Conservative estimate Optimistic estimate of
0 Minimal (In EURmillion)  of Copernicus benefits Copernicus benefits for
2 10 126 for end users end users
;é s 81 Iunst::;nediate 2015
S benefits 1.1 1.4
6 57
. 2020 2.5 2.6
2 End users . . . . .
o T benefits An increase of the number of urban monitoring users is forecast in the
2015 2016 2017 2018 2019 2020 coming years Copernicus Climate Change Service (C3S) will soon
Year disseminate products dedicated to cities that will enableplannersto monitor
the environmentalimpact of cities,increasingthe numberof usersof EOdata for
Source: Theeport on the Copernicus downstream sector and end user sustainabledevelopmentpurposes Sentinet3 and Sentinet5B data will also be
benefits, prepared by PwC for the European Commission, October 2016 keyto the developmenbf environmentalpplications
1 EARSC (2015). A survey into the Starel Health of the European EO Services Industry. Prepared by EARSC under \
assignment from ESA, September 2015 H
2Ciscq 2014. Smart and connected communities. Solutions for a Smart city. EMEA. . Europe_aq | GpernlCUS
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Urban Monitoring

Copernicus for early detection and remote monitoring of construction sites with Building Radar

Building Radar is a German start-up which supplies
verified construction sales leads worldwide, providing
information such as a construction site location, the
construction phase, the building size and other data on
construction projects The clients are buildingsrelated
companies One of the applications developed by Building
Radargives constructioncompaniesan immediate overview
of progress of work and helps them to identify potential
issuesin advance

Building Radar relies on EO data, in particular
Copernicus, and Internet data processed through their
algorithms

BuildingRadarestimatesthe world market for sales leads
in the construction sector at more than EUR7O0 billion .

Building Radar won the CopernicusMasters Grand Prize in
2015.

Building Radar enabled its clients to gain time, increase
their turnover and their sales performance . On average,
Building radar enables its users to save 3 hours per day
and 60K per year. Following are selected examples of
BuildingM\ _ \" rg%d rsucoessstéries

Stanko Team is a flooring supplier Traditionally,they hired
consultants or relied on paper directoriesto get leads for
constructionprojectsbut this provedto be five times more

expensive than Building L [ A [ $oldtion . Building Radar
has provided them with several thousand current, new,
completed and proposed projects in their market at a
competitive rate. Building M\ _ \satéfite technologybased
on Copernicusalso helpedthem to save 8 hours of driving

and viewing per project.

Benefits for
end users
(1/2)

Benefits for
end users
(2/2)
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Building M\ _ \ bugimess model directly depends on
Copernicuq60 % of the satellite data they use) as they
couldnot have afforded fee-baseddata.

40% of their clients use applications which rely on
Copernicus data; the other 60% rely solely on Internet data
processingGiventheir monthly turnoveris betweenEURLO to
50K, it can be estimated that EUR 4K to 20K is directly
attributable to CopernicusBuilding Radaris planning for a
turnover growth rate of 30%. The share of turnover
directly attributable to Copernicuss expectedto increasein
the future with the release of Sentinel2B data and the
possibleuseof Sentinell.

EUR4 to 20K, with 30% monthly growth

monthly turnover directly attributable to Copernicus

Gerhardt Braun is a mediumsized enterprise in the
construction sector. Building M\ _ \ product increased
their sales performance by 14% every single month.
They also use Building Radar to assess new market
opportunitiesand to do market research their research
projectsare finishedon average30% faster .

Fundoland is a companybasedin Chinaoperatingin the
amusementindustry. Building Radar provides them with
constructionprojectsin over 100 countries,allowing them
to save 50% of their time, and giving them extra
indicationsas to when they should make bids for relevant
projects They are now more aware of developmentsin
their target market and their sales have grown by 30%.
It enabledthem to automate their lead generationprocess
andto reach150% more leads every day.

European | (Opernlcus

Commission Europe’s eyes on Earth




IENESSUIRFARNAGRE]

Key specificities

il

The insuranceand reinsuranceapplicationsbenefiting from EO
include different types of insurance policies,covering natural
hazards, crops insurance and livestock insurance.

Traditional (re)insuranceactivities such as risk modelling and
loss assessmentexploit EO as a complementary source of
data, which is not critical and which offers a moderate added
value

EO is the enabler for the more recent development of
index products, particularly adapted for crops and livestock
insurance These products are relatively young (less than 20
years), and although still a relatively minor activity, they are
expectedo continuegrowingin the comingyears

EO exploitation reveals opportunitiesfor costs reductions on
existing insurance policies and processes,as well as the
development of new addressable markets especially in
emergingcountriesand remoteareas

Strong variations exist in the maturity of the use of EO
between (re)insurance companies Though exceptions exist,
reinsurers and large insurers tend to be pioneersin the EO
exploitation

(Re)insurersare not EO experts but have very specific needs
for some applications, especially on index products Ensuring
theseneedsmeetwith externalEOexpertiseis a criticalaspect

Insurance

Copernicus applications

u Trackingand forecastingof storms,cyclonesand hurricanesand
their routes

u Trackingof potentialfloods to sendearly warnings

a Identification and delineation maps of damaged areas after
natural disasters(floods, earthquakesfires)

u In case of large fires, identification of initial and potential new
fire departures

a Computationof indexesfor parametric productsfor crops and
livestockinsurance(expectedn comingyears)

Copernicus economic impact (2015)

3° 186
EUR million
05°1.1
EUR million
. .

Enabled revenues for

: : End users benefits
intermediate users
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Overview of EO market related to

A traditional market with moderate yet
various benefits from EO

The insurancesector benefits from EO applications
for natural disasters hazards The extent of events
can vary substantiallyfrom oneyear to another,and
on averageover the past 10 yearsthe insuredlosses
in Europeamountedto about EUR 6.2 billion per

year, representingabout half of the overall losses
dueto naturaldisasters

The traditional claim-based insurance schemes
benefit from costs savings methods and

processes in the loss assessment phase. Satellite
images can also improve the level of customer

service in the early warning phase and the claims
processinghase

Different sources of information are exploited by
(re)insurers to gather data on natural disasters
(meteorological, seismologic and atmospheric
agencies), and satellites images stand as a
complementary source. The added value of EO
data itself remainshard to isolate and (re)insurers

are sensitive to the acquisition cost of these

images. In this contextan open data policy, such
as for Copernicusis animportantaspect

b -

Insurance and Reinsurance

More innovative schemes, fully enabled by EO
data and developed since the late 1990s for
parametric  insurance, opened new market
opportunities, especiallyin emergingcountries,by
circumventing the prohibitive cost of traditional
approaches

Insurance

(Re)insurergombinespecificneedsto customiseEO
raw data and a generallack of expertise, andthey
often rely on external experts such as VAS
companies Howevera gap still exists between
the need for insurance tailored products and
the VAS companies products.

Potential forCOSTS Sa.VingS approaches and
improvementsof the level ofCUSTOMeEr service

for loss assessment processes.

EO opens opportunities fdA€W (re)insuran ce
pOIiCieS with high applications potential in
developing countries , increasing the

customer base.
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Overview of EO market related to Insurance and Reinsurance

Current use of EOdata in the (Re)insurance sector

Risk modelling consistsof a probabilisticapproachto the likelihoodof a natural catastrophe anticipatingthe amount of indemnitiesto be paid and therefore pricingthe
premiums EO,as a complementarysourceto traditional sourcesis not perceivedas critical by (re)insurers Strong discrepancies are witnessed in the EO practices
between(re)insurersas someof them do not exploitEOwhile satellite imagesrepresentup to 70% of the inputdata for others

!_oss a_s_sessment _conS|sts in _(_jef_lnlng the_ amount of Applications
indemnitiesto be paid by reconciliatingthe claims from the

clients and the actual material damages undergone EO
contributesto anticipatingthe eventby allowing companiesto

optimising the intervention of experts and reducingthe

) companies
associatedcosts P

o
warn the clients and to reduce the material damages = ARei
: - . - . = Reinsurer i
adjust the sizing of their teams and mobilise field 9 AlnzurseL:ses AHigher accuracy of
experts, improving the customer service After the events, o A h models
satellite images provide a global picture of the scene, E Catastrophe Asetter_control of
[Y modelling financial risk
[2)
o

Index products are enabled by satellite images, and are
basedon the regularmonitoringof natural parameters such
as the vegetation biomass. Indemnitiesare paid when the

biomassis estimatedto have fallen belowa defined threshold AEarly warning,

AReinsurers reduction of damages

and the challengeis to ensurethe correlation between the Alnsurers o
index and the reality is robust This task is achievedby 3 Alnsured people ABetter sizing of call
parties with EO expertise such as VAS companies or AEmergency se centres and experts

AOptimised
interventionschemes

universities

Loss assessment

ANew markets in
remote areas

AAccess to insurance
products for new
populations

AReinsurers
Alnsurers
AFarmers

0
—
O
>
e
o
S
o
x
(&)
©
c

Synthesis of current EO applications in the (Re)insurance sector
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@ Value Chain Insurance
The parameters for the Insurance sector along the EO value chain

Value-added service providers (intermediate users) Flnal end users
Acquiring Insurance EO data Processing EOdata PRI e Benefits of EO for end users
specific products or applications

Raw data Data processing platforms Risks models for forecasts Improved level of customer
A Open data (LandsaSentinel, A Fees to access platforms for datafll A Risks modelling performed service
Terra/ Aqua) for low and manipulation internally
medium resolution data A Outsourced risksnodels Supports fraud detection
Paying data for rapid acquisition
on specific locations In-house capabilities Loss assessment Ability to insureremote
Need for customisable data Only within large structures A Impact sizing prior to event populations
Few people dedicated to EO datall A Eventfootprintafter the event
processing In insurance Improved intervention schemes
Pre-Processed data companies Parametric products for emergency services
A Shared between insurers and Storage of historical data to build A Biomass index for crop and
reinsurers long term database (>10 years) livestock insurance Increased knowledge basis for
scientific community
Seasonal monitoring
Outsourced processing A Continuous health monitoring for
A Computation of indexes by EO crops
experts
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The parameters for the Insurance sector along the EO value chain

As of 2016, index products are mostly built on
data from Landsat and Terra / Aqua
satellites . Landsat8 offers a good resolutionat
30 meters per pixel while MODISdata offers a
high revisit frequency of 1 to 2 days The
Sentinelscapabilities(resolutionrevisit frequency,
radar instrument)are well adapted,but they face
alackof data historywith just 1 yearavailable

Riskmodellinginvolvessimilar sourcesof images,
but other commercial sourcesare used such as
the Worldview and Quickbird satellites of

DigitalGlobe in the case of loss assessment,
commercial satellites manoeuvrability and high
revisit frequency are assets Furthermore
damagesassessmentiy EOQis more relevantwith

higher resolution images SPOT and Pléiades
(AirbusDefence& Space)are commonsourcesfor

suchapplications Insurersacquireraw data using
both the image k mj g dplatforms #nd cross
sources platforms such as the S3 platform of

AmazonWebServicedor instance

EOdata allows risk modelsto be validated and
calibrated This service can be performed
internally but can also be provided by reinsurers
to their clients (insurerg. Typicalproductsfor loss
assessment include delineation maps after
floods, vulnerability maps for landslides and
coastal erosion, or analysis of burnt areas
(fire departures,propagation,and new potential
starts). IndexEOproductsconsistin a mappingof
the biomassindexes EOexpertsare necessaryto
producetheseindexes

Individuals and businesses benefit from
reduced losses and quicker handling of their

claims. Farmers in developing countries with
hostile weather conditions can have access to
insurance coveragethanks to EO data. EO also
benefits publicsector organisations for civil

protection teamsandemergency services, and
supportsscientific research on climate change
andnatural disasters
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Copernicus contributes to various aspects of the Insurance business

Copernicus contributes to different products and practices of Copernicus strengths and opportunities in the (Re)insurance sector
(re)insurers (Source: stakeholders consultatign

Thedata providedby Copernicuss complementaryto other satellites and non .

satellites sources The improvement of risks models relies on post event Sentinels data argeliable

learning, by comparing the model forecasts and the actual events This and trusted . their technical Sentinels data offersSAR?2
validation and calibration activity leads to more reliable models The capabilities allow monitoring capabilities over similar sources

images also enable the assessmentof the vulnerability of the territories

(coastalerosion pastfloods and fires footprints, landslidesetc)). large areas with good resolution of data (Landsat, Terra/Aqua)

and revisit frequency

Sentinelsimagescan be usedfor event anticipation , to monitor the routes of
storms,and for post eventtreatment, to assess the extent of the damages
and create delineation maps It helps to optimise commissioning of

resources and expertise . Catastrophe modelling is
Sentinels data have an easily perceived to still not be
customisable format for exploited at itsreal
non-EQexperts potential for crop and

forestry insurance

Progressive growth oflata

history should increase the
use of Copernicus for index
products, capturing new
markets

Open source data is an
important factor in a price

sensitive sector such as
insurance

Sentinels technical capabilities  Artificial reconstruction

(swath, resolution, revisit of data history could accelerate
frequency) are well adapted to the rate of adoption of
index products Sentinels' data

1 Source Stakeholderconsultationbasedon interviewswith a sampleof stakeholderdrom the
Insurancesector 17 stakeholders among which insurers;imsurers, VAS companies
2 Small Aperture Radar, by oppositiondpticalcapabilities
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