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1. Introduction

1.1 Objective of the study

The objective of the study was to carry out an impact assessment in support of the future
European Commission Impact Assessment (IA) on the evolution of the Copernicus
programme. This IA analysed three potential options for the evolution of the Copernicus
programme, comparing them to a baseline option of ensuring continuity of the Copernicus
programme as is (i.e. with unchanged scope). The options under scrutiny are the following:

I Option 17 Baseline option: the Copernicus programme continues after 2030 (renew
Sentinels after 2030)

9 Option 2 T Shutdown option: the Copernicus programme is stopped after 2030,
transferring ownership of remaining satellites and disassembling services

1 Option 3 7 Enhanced environmental services: the Copernicus programme continues
after 2030 (renew Sentinels after 2030) and expands the scope of environmental
services. This option is compounded of four different non -exclusive modules:

0 Option 3A T Anthropogenic CO2 emissions monitoring;
o Option 3B i Arctic (polar) & snow monitoring;

o Option 3C 1 Additional thermal infrared capability;

o Option 3D i Additional hyperspectral capability.

1 Option 4 i Enhanced security services: the Copernicus programme continues after
2030 (renew Sentinels after 2030) and expands the scope of security services.

The baseline option (option 1) was characterisedwith an ex-ante assessment of its expected
evolution up to 2035, in order to assess how the current scope of Copernicus would evolve in
case of no additional or extended services.

The present study focuses on theassessment of Copernicus Data and informati on
(D&l) spillovers , meaning the impacts on the wider European society of the
utilisation and exploitation of Copernicus D&l. These benefits are split between
intermediate users and end-users benefits, but it does not take into account the cost of the
options under scrutiny. Moreover, this report does not take into account the GDP
impact of the Copernicus programme, including upstream revenues  attributed to
the development of the infrastructure (space manufacturing, ground segment
manufacturing) and downstr eam revenues attributed to services development and
services operation . Such benefits, together with the employment impact of the Copernicus
programme, were assessed in a separate documentNevertheless, costs, GDP impact
and employment impact were all ass essed for the Copernicus programme and

are provided in a separated document

The assessment of spillovers derived from open data policy is by nature complex and
intangible. This complexity is even higher in the case of an exante assessment projecting
benefits up to 2035. Nevertheless, the approach proposed for this study provides a robust
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and defensible methodology presenting an order of magnitude of impacts of these

options, more than a highly accurate assessment . Several assumptions were
required, adding a certain level of uncertainty on the outcomes. Indeed, there are at the
moment very few and scarce information related t

studies; demonstration of benefits; etc.) in many applications. In some other domains, even
when data exists on the expected experience by end users, it was difficult to assess the extent
of the impact of Copernicus, taking into account counterfactuals and alternatives solutions
that could have potentially be found by intermediate and end-users (cost of opportunity).
These challenges led to hindrances in the development of quantitative valuations of the
potential impacts, which can be summarised as four possible levels of issues:

1. The useffunctionality of Copernicus D&l is not clearly understood b y end users (i.e.
most of the end-users are indirect users in most of the cases not even aware they
benefit from Copernicus D&I) , which adds complexity in the assessment;

2. The appropriate baseline against which to assess benefits is unclear (i.e. comparison
with what will have happen without the Copernicus programme);

3. The impact of Copernicus in terms of behavioural chang€e! is to estimate; and

4. Implementation may require additional costs on governments or businesses that are
not covered by this study.

More details on the issues and the mitigation actions undertaken to address them in the
development of the economic model for impacts are presented in section 3.1.2 All
assumptions behind benefits quantification and assessment are duly listed and detailed,
together with the approach used by the team to assess (in monetary terms) each impact.

1.2 Taxonomy and definitions

A common terminology is required to faci litate reader comprehension, in a context where
more and more studies are published on the Copernicus programme and Earth Observation
(EO) in general. Such taxonomy also ensures comparability between studies, using the same
definition, commonly accepted among the community.

The current study relies on a taxonomy developed by the European Association of Remote
Sensing Companies (EARSC) issued for the second time in 2015 inMTaxonomy for the EO
Services Market for all the specific subject matter definitions related to EO.

The following table presents functional definitions (mostly related to economics and impact
assessment), plus selected subject matter definitions (nonexhaustive, and in line with
EARSC taxonamy).

Item Description

Earth Observation (EO) Earth Observation (EO) can be carried out by satellites or airborne (aircraft,
drones etc.). EO refers in this study to the activity using satellites to monitor Earth
from Space. Remote sensing is used in thisstudy as a synonym for EO.

Application The term applicaton i n t he present study refers
EARSCb6s taxonomy. Note that the term
to avoid confusion with Copernicus core services

1Please refer to section 1.2 for a definition of behavioural change (economic definition).
2 EARSC, 2015. Taxonomy for the EO Services Market.

16



Behavioural change

Behavioural change refers in economy to the impact a given investment (in the
context of this study the investment that enabled the availability of free and open
Copernicus data & information) will have on individuals. This behavioural change
(i.e. reducing air pollution by reducing the traffic) will have monetary implications
(i.e. avoided fatalities, reduction of hospitalization costs, etc.).

Direct end-users

Direct end-users refers to end-users using EObased data and information,
wit hout requiring intermediate userodse
EO capabilities (processing, storage, etc.).

Economic benefits

Measures the direct, indirect and induced economic impacts of Copernicus, e.g.
number of jobs supported or tax revenues. Also includes spillovers, such as new
business creation due to open data.

Economic Net Present
Value (ENPV)

All future costs and benefits summed and discounted to current real value of
money (i.e. EUR 3.6 M). N.B. This includes environmental, social and economic
benefits and costs, so it is NOT a financial NPV sometimes reported in other
investment appraisals.

Economic payback period

The time needed to recover the initial/total investment or the break-even point.
l.e. 5.7 years. N.B. This inclides environmental, social and economic benefits and
costs, so it is NOT a measure of financial payback.

Economic investment
appraisal indicators

A series of indicators which consider the environmental, social and economic costs
and benefits and can helpfacilitate investment decisions. N.B. These indicators are
NOT financial investment indicators.

Economic Rate of Return
(ERR)

The equivalent of the headline savings rate you would need to enjoy at a bank to
make you indifferent between this investment and putting the money in the bank.
Or the discount rate which would yield an ENPV of zero. l.e. 6.8%. N.B. This
includes environmental, social and economic benefits and costs, so it is NOT a
measure of financial return.

Employment Impact

Impact on employment associated with increased economic activity

End-users

End-users refers to final users, either public or private, of applications derived

from the utilisation of EO data. End-users can be using directly EO data but in
most of the cases they are indirect wsers. End users are often not even aware of
being an EO&8s wuser.

Environmental benefits

Measures the environmental impacts of Copernicus, i.e. reducing negative
environmental externalities (e.g. air pollution, GHG emissions) and contributing to
environmental policies.

EO downstream sector

The EO downstream sector includes all actors involved in exploiting the EO space
data and providing EO-related products and services to end users. This includes in
particular Value Added Services (VAS) and geeinformation companies, whose
core business is to process satellte EO data and turn it into geeinformation
products, usable by the final users. The data is aligned against reference frames (in
time and space), and becomes comparable with other data generated by other EO
instruments. It is important to note that the EO downstream sector does not
include specific consumer equipment manufacturing (e.g. GNSS receivers for
Navigation or satellite dishes for Telecommunications).

Geographic Information
System

An information system which allows the user to analyse, display, and manipulate
spatial data, such & from surveying and remote sensing, typically in the
production of maps.

Impact driver

Impact pathways

An impact driver correspond to a sector, a field or an application from which the
benefits will be generated.

An impact pathway maps out the total impact of an action/event (impact driver)
through to the particular impacts and societal value.
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Indirect end -users

Indirect end -users refers to end-users that benefits from EO-based data and
information, without being aware of it. Thisend -user sé category
range of actors, from a citizen benefiting from a better air quality to industries
benefiting from a more efficient m aritime transportation enabled by the utilisation
of EO data and information.

Inflation

Inflation will be used to convert nominal values to real values

Intermediate users

Intermediate users refer to entities acquiring EO data and/or products and add

value on the top of the existing form of the EO-based products or data to make a
profit. Intermediate users can acquire commercial data (i.e. buying satellite -based
imagery) or open data (i.e. data free of charge such as Copernicus or Landsat D&I).

In situ data

In situ data means observation data from ground-, sea or air-borne sensors as
well as reference and ancillary data licensed or provided for use in Copernicus

In situ sensor

In-situ sensors provide various data about their local environment, by measuring
physical and chemical parameters at a given spatial position. It can designate for
instance sonars, thermometers, wind gauges or ocean buoys

Monetary benefits

All categories of benefits (economic, social and environmental) that can be
measured in monetary terms (in EUR).

Non-monetary benefits

All categories of benefits (economic, social and environmental) that cannot be
measured in monetary terms, and then treated qualitatively.

Qualitative impacts

Non quantifiable socio-economic impacts of the Copernicus programme that will
be described narratively in the socio-economic study.

Quantitative impacts

Economic, environmental and social impacts to which monetary values will be
applied, and included in the benefits assessment

Social benefits

Measures social impacts of Copernicus, e.g. human life saved.

Spatial resolution

The spatial resolution is based on the size of a pixel on an EO image (meter per
pixel). Low, medium, high and very-high imagery resolution can usually be
available to VAS. Depending on the exact need of the end user, a broad picture of
low resolution can be sufficient, but in some cases the user requires a specific area
to be monitored with very -high resolution;

Spectral resolution

The spectral resolution represents the wavelength used to produce the EO imagery.
Different types of wavelength band of a given sensor (radar for example) can
usually be offered by the same satellite. The wavelength band choice is tied to what
needs to ke detected: each band is more suitable than another to monitor a specific
element. For example, some wavelength are appropriate to monitor the upper part
of trees, with others it is possible to see through trees to map soils or underground
materials

Spillover

Spillover is an economic term referring to the indirect impact a given investment
or infrastructure may have on the economy and society, stimulating innovation
and knowledge creation. This report focuses on the assessment of the spillovers
derived from Copernicus D&lI.

Temporal resolution

The temporal resolution refers to the revisit time or period which represents the
period of time necessary for a satellite to complete an entire orbit cycle. One entire
orbit circle refers to the time necessary for a satellite to take a second picture of the
exact same area at the same viewing angle. Satellite orbit and altitude play also a
significant role since some areas on Earth are reimaged more frequently
depending on orbit/altitude. Collecting and comparing mul ti-temporal imagery of
the same area enable to detect changes and extract interesting information for the
end users.

Thematic sector

Upstream sector

The term thematic sector refers to commercial and non-commercial sectors or
fields that are impacted by EO services (alsocalled application). This term is part
of the EARSCO6s taxonomy.

The upstream sector includes all actors involved in the value chain leading to an
operational EO space system:

1 EO satellites and ground segments manufacturers
1 Launch servicesproviders (activity related to EO only)
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1 EO payloads manufacturers (optical and radar instruments)
Space agencies EO programmes

Valuation coefficient

The valuation coefficients are tools developed by PwC aiming at giving a monetary
value to an environmental cost.

Value Added

The enhancement a company gives to a product or service before offering the
product to customers. In case of space manufacturing, it is given by the
transformation performed on base materials, components or subsystem into the

final product. It is, for a given company, equal to profit + labour, i.e. sales

excluding all supplies and external costs.

Table 1- Taxonomy and definitions

1.3 List of acronyms

The following table provides a list of acronyms used in the present report.

Acronym Elaboration

AWS Amazon Web Services

CBA Cost Benefit Analysis

CAMS Copernicus Atmosphere Monitoring Service

CLMS Copernicus Land Monitoring Service

CSs Copernicus Security Service

C3s Copernicus Climate Change Services

CMEMS Copernicus Marine Environment Monitoring Service

Copernicus D&l

Copernicus Data and Information

EARSC

European Association of Remote Sensing Companies

EC European Commission

EEA European Environmental Agency

EMS Copernicus Emergency Management Service
EO Earth Observation

ESA European Space Agency

EU European Union

EU MSs European Union Member States

GDP Gross Domestic Product

GIS Geographic Information System

GMES Global Monitoring for Environment and Security
1A Impact Assessment

N/A Not applicable

NSR Northern Sky Research (company)

SDR Social Discount Rate

TBC To Be Confirmed

TBD To Be Defined

3 For more details on the methodologies behind the valuation coefficients, please refer to: PwC, 2015, Valuing coporate environmental impacts, PwC

Methodology document.
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USGS

The US Geological Survey

VHR

Very High Resolution
Table 2 - Acronyms
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2 The Copernicus programme

2.1 Introduction to the Copernicus programme

The Copernicus programme is one of the European flagship programme providing free and
open data and information relying on satellite -based imagery, models and in-situ data. More
than only data and information, the Copernicus programme provides state -of-the-art models
to be used for societal and environmental purposes. The Copernicus programme is a public
service designed to respond to policy and public administrations and fostering economic
growth in Europe by:

9 Supporting public users at local, national and European level;
1 Helping Europe to maintain a prominent role in the international context;

1 Strengthening intermediate users, downstream companies and value-added service
providers.

Initially developed to focus on environment and security 1 the former name of the
Copernicus programme was Global Monitoring for Environment and Security (GMES) i the
Copernicus programme has developed several specific services providing free dataand
information enabling applications in a vast variety of fields (i.e. agriculture, biodiversity

protection, air quality, search and rescue, etc.). Even if the programme is considered an
Earth Observation programme, it is offering way more than satellite -based imagery by
offering a free and open access to many information products develop by its six core services

but also to many sources ofinsi tu data provided by European

MS).

The European Commission (EC) is managing the Copernicus programme and its 3 main
components: Space, Services and Insitu components. The high level structure of the
Copernicus programme is presented in the figure below.

COPERNICUS PROGRAMME MANAGEMENT
( ~ e [ A Us
H L opernicus L opernicus
Py Committee User forum
r SPACE COMPONENT A SERVICES - r IN SITU COMPONENT -~
(= ( G
METTE : : =i~ b=
Technical coordination environment Climate Change Security = ==
f‘_::-ﬂSEI i Monltonn i e ; i T =y -
Implementation by the European Entrusted Entities (EEE) of 6 core services using space and in-situ components C RN g
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From EU Member-Stat
ﬁt‘;—'— . ; - rom ember-States
el 4 A P a—
Sentinels missions | o | RrECMWNYF B =l SECMWE n = <«
operated by ;| WEATATOY Loin ok bk fecn [ Coordinated by the
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Figure 1- High level structure of the Copernicus programme
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The Copernicus Space Component includes the procurement, the launch, the operation
and the distribution of Sentinels data and of contributing mi s s i o n.sTBe teghmitah
coordination and procurement for the Sentinels fleet are led by ESA and operated by
collaboration between ESA and EUMETSAT. This element also includes the procurement of
the overall space infrastructure, including satellites design, satellites manufacturing
(procurement to the industry), satellites launches and ground infrastructure manuf acturing
(procurement to the industry). Finally, ESA is also in charge of acquisition, storage and
distribution of the Sentinels data via the ESA Scientific Hub platform. As a transnational
space agency collaborating with all the European national space agncies, ESA has access to
several national EO programmed s  diactu@ing archives of such programmes. This
additional data source is called contributing missions and provide, for registered users,
access to a wide range of commerciali.e. Worldview, SPOT, TerraSAR,Radarsat 2, etc.) and
civilian (i.e. Landsat, COSMO-SkyMed, RISAT, etc.) EO data sources This data source offer
in some cases higher spatial resolution than the Sentinels spacecraft to support the
development of specific information produc ts provided by Copernicus core services
However, the access to contributing mission is based on restrictions and so not fully open to
everyone? For obvious reasons, high and very high resolution imagery are only open to a
restricted list of authorized us ers in the field of security and emergency.

The Copernicus In  -situ component  offers an access to observation from the ground, sea
and airborne sensors but also reference and ancillary data licensed. The iRsitu component
supports the space component to ofer access to sustainable and reliable data to produce,
validate and calibrate Copernicus products for the services component. The Insitu
component is implemented in two tiers:

1 At the level of the service: each core service is in charge of daily operatio and
ingestion of specific in-situ data of interest per problematic (marine service, land
monitoring ¢é etc.) t o of f e rusewsaThis mdahsdhatpr oduc
specific sources of in-situ data are tailored for each core service?

1 At the programme level: the European Environment Agency manages the cross
cutting service offering general in-situ data accessible through specific agreement
with data providers/networks at programme level. >

The Copernicus Services component aims to deliver data and products freely available
for a wide variety of users. These services integrate together data from the Space and hsitu
components, together with state-of-the-art models, in order to offer Copernicus products
tailored to the needs of specific end-users. To better reach endusers, six different core
services were developed or are currently being developed in different areas:

Copernicus Land Monitoring Service (CLMS);

Copernicus Marine Environment Monitoring Service(CMEMS);

Copernicus Atmosphere Monitoring Service (CAMS);

Copernicus Climate Change Services(C39);

=A = =4 =4 =9

Copernicus Emergency Management Service (EMS);

4 PwC, 2016. Study to examine the socieeconomic impact of Copernicus in the EU.
Report on the Copernicus downstream sector and user benefits. Report prepared for the European Commission. Brussels, Belgium.
5 Group on Earth Observation (GEO), 2016. Crosscutting Coordination of the Copernicus In Situ Component.
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1 Copernicus Security Service (CSS).

Each of the six core services responds to a very specific problematics identified as key for the
European society. The services were designed to respond to very specific needs of the
European society, targeting specifically public authorities but also research and scientific
communities. Nevertheless, the quantity and quality of the data and products offered by
services also respond to commercial end-users needs In this context, most of the products
provided for free and openly accessible for everyonewere designed for not directly harming
the European downstream industry.

2.2 Introduction to Earth Observation, GIS and

information products I Basic introduction

The boundary between Earth Observation and Geographic Information System (GIS) is
nowadays blurring into a wide geospatial information market supported by modelling and

dynamic monitoring information . The geospatial market relies more and more on
information products merging together many different sources of data where satellite

imagery is only a contributor 7 a key contributor per se i among many. GIS enables the
users to create dynamic relations between spatial geereferenced data and
situational/relational data based on the specific need of the users such as internal statistic or
in-situ data. The combination of these types of data brings a large valueadded for both
public and private end-users, linking imagery to a multitude of compl ementary other sources
of data.® The chart below illustrates how value is createdin imagery and GIS market, through
the development of an information product.

Software & applications
[ Areas of benefits |

1 I
5 Open source Private
Satellite -based tools developers
imagery
Atmosphere Land
UAV -based
imagery
A Ground data o,
W A Maritime data Digital platforms } “
© I X . N
; A Ball_oon_data (many different forms) Climate Security
il A Navigation
= (GNSS) data
o m
Bl A Social media
Il A statistics Marine Etcé
el A Others
(o)
RAW DATA ) > INTELLIGENCE

Ifidijre 2 - lllustration of the information product value -chain (Sources: PwC éﬁélysis)

On the top of the imagery data, severaltypes of data (in-situ, social media, statistics, etc.) are
aggregated thanks to powerful computing and analytics power in order to create dynamic
links between imagery and very specific information. Such links aim at responding to very
specific end-user requirement and create added value for commercial axd/or non -
commercial actors. Nowadays, more and more analytics are performed on cloudbased
platforms where end-user can procure open source or feebasedi commercial developers
developing software or applications to make profit i software/applications , impacting the

6 PwC, 2016. Study to eamine the socio-economic impact of Copernicus in the EU. Report on the Copernicus downstream sector and user benefits. Report

prepared for the European Commission. Brussels, Belgium.
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information product supply -chain. For more details on this platform paradigm, please refer
to PwC (2016).

These platforms support end-users to develop EO products (imagerybased information

products) but also to integrate EO products with in-situ data i and potentially with other

sources of data such as social media or statistic§ to create advanced geospatialproducts.
Both products are information products which are then used in specific areas (land, security,
marine, etc.), leading to benefits for the society. Contribution of Copernicus data (Sentinels)
to the global information product value-chain is only marginal compared to the overall
geospatial data sources. Nevertheless, the Copernicus programme also provides directly
information produc ts through its core services, directly targeting specific areas of benefits to
enhance society welfare.

In the above backdrop, the present study assessed the impacts of the intelligence created by
the Copernicus programme in its current scope and in potential evolution options on the
European society. The study looked specifically at the value created to endusers, with
particular focus on environmental and societal benefits, thanks to the Copernicus
information products value -chain, and, as mentioned earlier on, only focused on the impacts
of the utilisation and exploitation of Copernicus D&I, leaving aside impacts into and from the
upstream side of the value chain (impacts on and from satellite and ground segment
development and manufacturing industr y). Those impact have been assessed in a separated
document thanks to specific past studies (Strategy& PwC, 2015; PwC, 20167.

The next chapter introduces the methodology used to assess and monetize Copernicus D&l
spillovers, and the approach used to perfam the impact assessment.

2.3 Discussion on the value of open data

The assessment of the value of open data is a raising concern among policy makers, public
authorities and private entities. In fact, providing a free and open data policy has fix costs,
related to setting up the infrastructure and make the data available, and variable costs,
related to storage, maintenance and operation of the programme, that are generally incurred
by the public, with apparently no direct return on investments. Nevertheless, the goals of
such policies are linked to the willingness of more transparency in public administration and
the willingness to foster the use of data. This last point is particularly important as illustrated
by the example of the Landsat programme. Following the OPEN Government Act of 2007
within the Freedom of Information Act in the US, the White House has performed a big push
on open data within US public administration. The US Geological Survey (USGS), in charge
of the Landsat programme, has implemented this new governmental implication by
developing a web-based open data access for Landsat 8 and all Landsat archives available on
USGS EROS Centre Before 2008, USGS was distributing around 20 000 scenes per year,
selling these scenes at cost. From 2008 to 2016 downloads on the platforms have
tremendously grown, with more than 35 million scenes downloaded over the period,
reaching more than 10 million scenes downloaded in 2016. These numbers do not even
include third parties initiatives such as Amazon Web Services (AWS) making these data
available for free on their own S3 platform. This experience demonstrates that open data
seems to have very strong positive impact on user uptake and data utilisation. Nevertheless,
this does not demonstrate the value of open dda directly.

The value of open data gathers a raising interest in academics discussions (MurrayRust,
2008; Huijpoom and Van den Broek, 2011; Janssen, Charalabidis and Zuiderwijk, 2012;

7 Strategy&, 2015. Study GDP Impact. The case study of the Copernicus prgramme. Final Report Prepared by Strategy& for the European Commission.
Brussels, Belgium.
PwC, 2016. Study to examine the socieeconomic impact of Copernicus in the EU. Report on the Copernicus downstream sector and user benefits. Report

prepared for the European Commission. Brussels, Belgium.
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Jetzek, Avital and Bjorn-Andersen, 2013%. Indeed, open data does nothave any value per se

since data becomes valuable when it is used, meaning that the value of the data then change

from one user to another. In such a context, the traditional price to market approach does

not apply since the value of the data is not linked to its production cost. As already stated,

even if there are fix and variable costs to produce and make data available, data are by nature

non rivalrous goods since the download and usage of a data by a user A does not prevent user

B to access and use thé data. Then, the marginal cost of any additional user is zero. In this
context, the valuation of open data needs to be
understand how they value access to these data for free. Moreover, open data leads in

generd, on the top of certain economic impacts, large societal and environmental benefits

for the society that are not taken i n the equa
i nvest ment o approach applied to open data poli
Copernicus programme providing satellite based imagery, in-situ data, basic information

products and advanced modelling for free is expected to lead to nonnegligible benefits for

the society in a context where public authorities and research centres & unversities have

generally very low willingness-to-pay due to budget pressure. If all these information would

not have been provided for free, there is very high probability that it would have prevent

most of these actors to access it, as no evidence demomsates that the private would have

been capable (and willing) to provide all these elements at European and global scale at an

affordable price.

When putting together the increase of data usage and the potential impacts enabled by the

availability for free of data, it seems that open data policy, and so the Copernicus
programme, seems to have a positive impact on the societyThe report of ACoper
ex-ante benefits assessment o was devel oped It fimg tot hi s
understanding the value crea ted to the wider society by the availability for free

of Copernicus data and information , with a particular focus on the societal and

environmental value created thanks to the Copernicus programme. This report focuses

only on the benefits enabled by the awilability of open and free Copernicus data and

information, and it does not analysed the impacts of manufacturing & setting -up the
infrastructure and setting up the programme & its core services.

F

8 Sources: Murray-Rust, 2008. Open Data in Science. Serials Review. Vol. 31, No. 1. P. 5@4.

Huijboom and Van den Broek, 2011. Open data: an international comparison of strategies. European Journal of ePractice. Na 12.

Janssen, Charalabidis and Zuiderwijk, 2012. Benefits, Adoption Barriers and Myths of Open Data and Open Government. Informati on Systems Management.
Vol. 28.

Jetzek, Avital and Bjorn-Andersen, 2013. Generating Value from Open Government Data. ICIS 20B Proceedings.
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3 Methodology

This chapter presents the overall methodological approach used in this study. The first
section gives more details on the methodology behind the impact assessment of the different
options under scrutiny for the evolution of the Copernicus programme. The second section
introduces the high level quantification process used to assess and monetize Copernicus D&l
spillovers, meaning all benefits derived from Copernicus D&l for intermediate and end -
users. It is worth to point out that the methodologies are tied to specific impact categories
(with different impacts requiring different assessment methodologies): therefore, in the
interest of clarity, the detailed methodological approach is presented directly in the
description in each impact.

3.1 Impact assessment approach

3.1.1General framework

The impact assessment vas carried out on different evolution options under scrutiny by the
European Commission and conducted through the execution of four main steps:

T

Phase 1 7 Options characterisation . Each individual option was characterised,

with a particular focus on the baseline option (option 1) representing the current scope

of the Copernicus programme renewed after 2030. The scope of each evolution options
(options 2, 3 and 4) under scrutiny were elaborated by the European Commission; they
represent potential evolution s cenarios of the Copernicus programme. The description,
characterisation and scope (potential number of satellites, launch date anticipated,

etc.) of each option were provided by the European Commission;

Phase 2 i Identification of impacts. We identified all the possible consequences
(impacts) stemming from the utilisation and exploitation of Copernicus D&l

on the basis of past assessment work and of desk research. The initial list of impacts
was complemented and calibrated through consultation with experts from the
Copernicus Services. The identification of impacts provides an understanding of how
the specificities of each option affect and change stakeholder behaviour, through the
provision of goods and services to the European society. Bothdirect and indirect
changes are identified and characterised with the help of the rationale why / who /
what .

o] Why would the availability of Copernicus D&l imply behavioural changes? (per
option)

o] Who is affected by this availability of Copernicus D& bought by an option?

0 What impacts are implied by the availability of Copernicus D&l brought by an
option?

Phase 3 1 Forecast of how impacts are expected to evolve over time for

each option . During this phase, impacts related to each option were assessedwith

particular attention on how they affect end -users, with a particular focus on social and
environmental outcomes. Thanks to desk research and expert consultation, we have
estimated the evolution of each impact over time, up to 2035.

Phase 4 T Quantif ication of impacts over time. The analysis in this phase was
relying on the assessment and the monetisation of all benefits enabled by Copernicus
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D&l for the baseline and evolution options. Details on the methodology used to assess
and monetise benefits are presented in the next section.

3.1.1.1 Phase 1 1 Options characterisation

The different options to be analysed for this impact assessment have been provided by the
European Commission. They represent four potential evolution scenarios of the Copernicus
programme that need to be compared with the baseline option (operate as it is). The
different op tions to be analysed are presened in the chart below.

Option 17 Continue the Copernicus
programme after 2030 ( baseline
option)

#1

Copernicus
preferred
evolution

option

Option 37 Continue the Copernicus —
programme after 2030, extend
Environmental Service from 2025

Option 47 Continue the Copernicus
programme  after 2030, extend
Security Service from 2021

Figure 3 - Copernicus evolution options (Sources: EC)

Each option has a specific sco (i.e. enhanced Security Service; enhanced Environmental;
etc. Services), leading to different types of benefits. The reference point of comparison of the
analysis i the baseline optioni i s option 1 AContinue the
2 0 3 Of opti on 2 is mutually exclusive from the other evolution options, options 3 and 4 are

not mutually exclusive. As stated in the table above, option 3 is modular and each of the four
modules can be developed separately together, or not, with option 4.

The following table gives additional details on each option.

Option 1 continues Copernicus after 2030 and represents the
baseline option:

1 Continue Copernicus services after 2030

1 Renew Sentinels after 2030

Option 1

(baseline option)

Option 2 stops Copernicus services after 2030 and does not
renew Sentinels

Option 2 1 Transfer of ownership of satellites
9 Stop and disassemble services
Option 3 Option 3 continues Copernicus after 2030 and expands
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environmental capabilities from 2025 with the following

services:

9 Option 3A T Anthropogenic CO2 emissions monitoring;

1 Option 3B i Arctic (polar) environment monitoring;

9 Option 3C T Additional thermal infrared capability;

1 Option 3D i Additional hyperspectral capability

Option 4 continues Copernicus after 2030 and expands security

capabilities from 2021 with the following services:

1 Access to VHR imagery (satellites and/or UAVS) for security
Option 4 applications

9 Access to nearreal time monitoring capability for security

applications

9 Guaranteed access for security aplications
Table 3 - Options under scrutiny (Source: EC)

The four options are further detailed in chapter 4 (baseline option) and chapter 5 (evolution options).

3.1.1.2 Phase 2 i Identification and characterisation of impacts

The characterisation of the expected impacts and scoping followed the process outlined

below.

- o

-

Develop list of
potential
applications of
Copernicus Data &
Information

Scrutinised
through research

Applving filters of
desirability,
feasibility, and
materiality

Figure 4 - Characterisation of expected impacts and scoping

Firstly a list of extensive potential impacts was developed through a combination of
understanding of the field (internal expertise and experience with the Copernicus
programme) and desk research on the potential applications of CopernicusD&I . This list was
calibrated and enhanced through stakeholder consultation with experts from the EC and
Copernicus core services.

As a following step, this list was scrutinised through further research to assess which of the
impacts were in fact more likely to occur. This was assessd through the actual possibility to
conclude that there was some potential causal relationship between the Copernicus Data &
Information being available and an outcome. So either evidence of an alternative outcome
was found or looked possible with further research.
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The final stage in deciding which impacts would be in-scope was through applying the filters
of desirability, feasibility, and materiality , as illustrated in the chart below.

Total impacts

)
&
9
2
O
N3

- Gy

Material

Desirable

Feasible

Figure 5 - Scoping of the impacts to be assessed (Sourcg PwC analysis)

Desirability was determined on the basis of importance of illustrating certain impacts for the
European Commission and the Copernicus core services Feasibility was determined through
research on the basisof data availability and quality of that data to assess the impacts.
Materiality was determined through research on the basis of the likely magnitude of the
impacts when valued. After the application of the filters the likely impacts were categorised
in to three groups: quantitatively assessable impacts (in monetary terms), qualitatively
assessable impacts, and impacts to be considered oubf-scope. Decision was then made to
focus only on quantitatively assessable impacts, plus some key qualitatively assessable
impacts.

3.1.1.3 Phase 3&4 1 Impact Assessment

By using a combination of data gathered from previous studies, deskbased research,
literature review, stakeholder consultation and PwC valuation coefficient, the different
impacts were assessed for eacloption up to 2035. The exercise was split into two main
assessmens, performed on intermediate userso benefits on one hand and on end-users
benefits on another hand. The next sections introduce the way those benefits were assessed.

Several PwC valuation cefficients are used in this report. The valuation coefficients aim at
giving a monetary value to an environmental cost. These are therefore used to help
calculating the environmental benefits induced by Copernicus (for instance, Land use and
wetlands valuation coefficient, CO2 valuation coefficient, etc.)?®.

For each benefits, three scenarios are presented:
1 The low scenario, which corresponds to the case where a conservative contribution of

Copernicus is attributed: this is the very minimum benefits that can be expected from
Copernicus D&l;

9 For more details on the methodologies behind the valuation coefficients, please refer to: PwC, 2015, Valuing corporate enviramental impacts, PwC

Methodology document
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1 The medium scenario, which corresponds the most likely scenario: this is either the
exact averageof the high and low scenarios or a scenario neither too pessimistic nor
too optimistic ;

1 The high scenario, which corresponds to the case where an optimistic contribution of
Copernicus is attributed: this is the theoretical best casescenario, when Copernicus
D&l are used as soon as it is relevant though other technologies or competitors might
exist for a specific application, for instance.

Note that each i mpact driver may have additional
air quality monitoring) that may have been included in the definition of low, medium and

high estimate. When this is the case, assumptions behindthe different scenario are duly

explained in the impact driver description.

Intermediate users refer to the organisations using Copernicus D&l as input to develop

value-added products that are then sold to end-users. These compaies add some processing

layers or additional data sources (high spatial resolution imagery, private data bases, etc.¢ )

on the top of Copernicus D&l distributed to user communities. The choice to separate

intermediate users ~ from end -users benefits was made  to reduce risks of double -

counting benefits . Not e t hat i ntermedi at e usergd@s benefi
environmental and societal benefits are included and monetised in the end-us er s6 benef.
(next sub-section). The benefits for intermediate users include revenues for the European

EO downstream industry and the revenues for the European EO Big Data industry. More

details on these two type of intermediate users are provided in the analysis.

The way i nt er manefiis avhseassessed s sstbaightforward thanks to a large
availability of data. Revenues for intermediate users have been assessed, taking into account
user uptake for intermediate users, thanks to desk research and market studies from various
sources as llustrated in the chart below.

10Pl ease refers to taxonomy sect ieodni aftoer udseefui®reimtdido nise nodf t he terms Ainterm
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EO Big Data

EO downstream

Figure 6 - Intermediate users drevenues assessment approach (Sources: PwC analysis)

Enabled revenues thanks to Copernicus D&l was directly assessed by the European
Association of Remote SensingCompanies (EARSC) in their surveys (EARSC, 2015; 2017}
for the EO downstream revenues. EO Big Data revenues were extracted from the Mrthern
Sky Research (NSR)report (NSR, 2016)12 and discussed with experts from the field of Big
Data to isolate the contribution of Copernicus D&l.

Revenues for both EO downstream and EO Big Data were thenprojected up to 2035 using
market trends fr om many different sources (EARSC, 2015; 2017 NSR, 2016 EARSC & ESA,
2015; 2016; PWC, 2016; SpaceTec, 2016)

Assessment of endusers benefits is less straightforward when compared to intermediate

u s e asseésment.Indeed, end-users benefits can be economic (i.e. cost reduction in forest
mapping), social (i.e. enhanced Search & Rescue services) or environmentali(e. reduced
water pollution) , making their assessment more complex. Suchtype of assessment is the core
of this impact assessmen{ with a particular focus at the monetisation of social and

environmental end -users benefits.

The high level assessment relieoon a five-step approach as illustrated in the chart below.

11EARSC, 2015. A Survey into the State & Health of the European EO services industry.
EARSC, 2017. A Survey into the State & Health of the European EO services industry.
12NSR, 2016. Satellite Based Earth Observation (EO), 8th Edition. September, 2016.
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Figure 7- Highlevelend-us er s benefits assessmentdés approach (Sou

3.1.1.3.2.1 Step 17 Understanding the benefits derived from Copernicus D&l through a
roadmayp of applications

The roadmap of applications can be presented as a tree structure illustrating the main

applications derived from Copernicus D&I. The rationale behind the development of this

application tree is to map and track all the potential ut ilisation of Copernicus D&l into

different commercial and non -commercial fields, as illustrated in the chart below.

Commercial sector 1

Field 1

Application 1

Field 2

Field 4

Land (CLMS)

Application 2

Commercial sector 2

Commercial sector 3

(é) (é)

Field n
Application n Commercial sector n

Atmosphere
(CAMS)

Climate Change

&)

s Y
Same process for each Copernicus core
services

Figure 8 - Simplified representation of the applications roadmap derived from Copernicus data and
information

Starting points of this characterisation tree were the six Copernicus core services, and the
data and information they are providing. Each core service was then analysed to identify
different sub -services offered, isolating the range of Copernicus productsportfolio produced
by each of them. Identification of applications is directly linked to the products provided by
the six core services and raw data.
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Targeted expert consultation has taken place with experts from the different Copernicus core
servicesand entrusted entities. Such interaction has enabled the team to confirm and extent
the roadmap of applications enabled by Copernicus data and information.

Current and prospective usage of Copernicus D&lhave been identified per application, based
on desk research and complemented & calibrated through targeted expert consultation. This
step is key to understand how Copernicus D&l is used in each application but also this will
evolve in the future in order to understand potential behavioural changes enabled by
Copernicus D&l.

The roadmap of applications provide a comprehensive and exhaustive list of applications
derived from the utilisation of Copernicus D&I. Nevertheless, for the purpose of this
study, the long -list of applications have been reduced to the app lications
bringing the largest benefits to be monetised to enhance the robustness of the
assessment as explained previously.

3.1.1.3.2.2 Step 27 Classification of applications into EARSC taxonomy

The second step relies on the adaptation of the different Copernicus-based applications
extracted from many sources (European Commission, European Space Agency (ESA)
stakeholders, academics papers past studies and publications, etc.) into EARSC taxonomy
which is commonly accepted in the field of EO in Europe (EARSC, 2015 2017). This
thematic taxonomy is illustrated in the chart below.
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Figure 9 - EARSC thematic taxonomy (Source: EARSC, 2015)

Taxonomy used by EARSC will facilitate comparability and consistency with all the work and
studies carried out in the field of EO in Europe. Being able to classify all these applications
following EARSC taxonomy also facilitates the assessment and quantification of Copernicus
D&l benefits for end-users.

3.1.1.3.2.3 Step 31 Benefits assessment for endusers

Step 3 aims at assesing the benefits of end-users of Copernicus D&I. These can be direct
usersi such as for the O&G industry (commercial field) or for Search & Rescueat sea (norn
commercial field) for example i or indirect users i such as citizens benefitingfrom better air
quality as a result of Copernicus D&lI.

A dedicated framework was developed to assess the impact of Copernicus D&l on endusers
in each thematic sector, using an impact-pathway approach.

To illustrate how applications materialise into impacts that we can then quantify, we have
developed impact pathways for each application under scrutiny. The aim of this approach is
to show how each of the applications are expected to result in changed outomes for
industry, society, the economy and the environment. These outcomes was then assessed to
estimate what value to society is enabl ed
both tangible impact valuation and intangible impact valuation. | n particular they map the
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effect of specific events or actions, 6i mpact d
specific O6i mpactsb6. Further to this the i mpact
6societal outcomesd td !l eHde 6 mpNote that thesey ggalnwdae 6t y ¢
impacts are not illustrated in the impact pathway chart of all impacts. An impact pathway is

thereby mapping the causal chain for every application with quantitatively assessable

impacts considered in this study. The approach also aids thinking about which impacts can

be assessed quantitatively and qualitatively. The chart below gives an example ofan

illustrative impact pathway approach.

Impact Driver Output Outcomes Impacts

Benefit 1

/_

Benefit 2

Benefit3

Figure 10 - Example of impact pathway (Sourc e: PwC analysis)

Many different approach es hadto be used to take into account the specificity of each end
users specific benefits. The way each eneusers benefits has been assessed is directly
illustrated in each impact driver in chapter 4 and 5.

3.1.2 Challenges in assessing the benefits from the Copernicus
programme

Copernicus is creating new capabilities in earth observation and monitoring which will be
used by a wide range of intermedate and end users. Many of the applications will be new
services or enhanced applications that are likely to work quite differently to existing
capabilities across a range of different domains. Given this, applying ex ante impact
assessment to Copernicusis challenging. In many domains, there is no baseline data to
consult as there is no precedent for the service being performed. In other domains, even
where data exists on the expected experience by end users, it may not be possible to
understand the extent of the impact at the EU or global level.

This challenge creates a number of issues for the development of quantitative valuations of
the potential impacts. They can be grouped into four main areas and each is discussed in
turn below.

1. The use/functionality of Copernicus capability by end users is not clearly understood;

2. The appropriate baseline against which to assess benefits is uncleafi.e. comparison
what will have happen without the Copernicus programme) ;
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3. Attribution of change to Coper nicus is difficult to estimate; and

4. Implementation will require additional costs on governments or businesses that are
not covered by this study.

Each of these are explained in more detail below.

3.1.2.1 Understanding the use of Copernicus capability

Copernicus has the potential to create a range of entirely new services areas across multiple
domains. For example, the air pollution services will allow for the prediction of high levels of
pollution in particular areas in Europe. This should allow governments to make more timely
interventions lower sources of local pollutants such as temporary reductions in speed limits
on roads or incentives for industrial thermal generation plants to lower output. It is however,
difficult to predict how many governments will adopt t hese measures and their size and
scope; hence, it is difficult to estimate the potential reduction in harmful levels of exposure
to specific pollutants that may result.

At an aggregate level, however, it is possible to make an estimate of the total redudbns that
could be achieved through these types of air pollution control measures given the overall EU
targets for reduction in air pollution, and to make as assumption on the attribution of this
measure to the Copernicus programme.

This is the approach we have taken on a number of the benefit areas we have analysed for
this project. We have clearly stated the assumptions employed (with caveats where
appropriate) and have carried out sensitivity analysis to present the results as a range rather
than single values.

3.1.2.2 Baseline against which to assess Copernicus benefits is unclear

Most of the applications for Copernicus either add to existing space or ground source data.
Typically, users of the services underpinned by these data will often be using a combination
of sources. It is important to understand the additional capability that is created by the
ongoing programme. However, the Copernicus net margin cannot easily be identified and
thus quantified.

For example, climate modelling is already carried out by a range of organisations. Such
organisations create models of the future climate which can be incorporated in different
ways by different users. Copernicus will improve climate models in a number of specific
ways, such as the provision of detailed ocean temprature data. In the future, users will
therefore be using better climate models which will have enhanced benefits. However, the
extent to which these have been improved by the Copernicus programme compared to both
existing and future research and development projects is difficult to understand.

We have made reasonable assumptions to isolate the impact of Copernicus to understand the
improvements in the applications, and therefore their estimated value. However, these
assumptions are often challenging and may be subject to debate since, for many applications,
they remain uncertain.

3.1.2.3 Impact of Copernicus on behavioural change

Where Copernicus is combined with other data to provide a service to end users there is also
the difficulty in understanding the impact of Copernicus vis-a-vis other data. This is similar
to the issue with identifying the baseline 7 the improvement (and net benefits) may need to
be allocated between different sources of other data or services.
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The case of climate modelling noted above isalso an example where broader improvements
are already being made in the modelling approaches and the land based acquisition of data.
Here, we need to attribute the benefit to Copernicus and these other sources of information.

In some cases there is eithemo other contributor of data, (such as fisheries) or assumptions
can be sourced through consultation with teams working in the area. Where possible, we
have identified and contacted relevant experts in each area. Some are willing to contribute,
others have been reluctant to commit to estimates of the attribution to Copernicus due to the
uncertainty in the relevant contributions from different sources.

Further work may be required to fully understand the contribution that Copernicus makes to
each impact area. Where we have had to make assumptions we have aimed for full
transparency and typically used a range to show the sensitivity of the result to the
assumption.

3.1.2.4 Additional cost requirements

The Copernicus programme is an enabler leading to many benefits but that may also call for
specific additional cost to use Copernicus D&I. Taking the example of air pollution described
above, it is clear that whilst Copernicus allows the prediction of low air quality incidents,
other actions are required to implement the policies to reduce the impact.

In this situation we have attempted to estimate the potential benefits resulting from the
Copernicus D&l and to attribute them to Copernicus. The only issue is that whilst we have
attributed the benefits to Copernicus, on order to produce a consistent ex ante assessment,
we should also include an attribution of the other costs.

In practice, this is considerably more difficult than examining the benefits themselves. Using
the air pollution example, there are published sources for valuation of air pollution impacts
that could be applied at the national or EU level. Cost data for these proposed policies does
not already exist in the same format and would require a detailed approach to produce
suitable values at the national or EU level.

3.1.2.5 Relative uncertainty of the different impact drivers under scrutiny in
this study

As a conclusion of all the elements mentioned above, he table below gives an overview of
relative level of uncertainty for all impact drivers under scrutiny in the four options. A low
level of uncertainty represents a high level of confidence in the outputs of the assessment
whereas a high level of uncertainty illustrates a low level of confidence.

Impact driver Relative uncertainty

EO downstream Low

EO Big Data Low
Air quality and pollution monitoring

and forecasting Moderate
Air quality policy Moderate
Solar energy monitoring and

forecasting Moderate
Climate modelling High
Crops monitoring Moderate
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Forestry management and

; Moderate
protection
Wetlands monitoring High
Ground elevation and ground
motion monitoring Moderate
Urban monitoring High
Offshore infrastructure Hiah
management (offshore wind) 9
Oil & gas activities Low
Mining an(_j quarrying: minerals and Medium
raw materials extraction
Coastalarea monitoring High
Marine resources management Low
Water quality monitoring Low
Ice monitoring to support Low
navigation
Maritime navigation Moderate
Fire detection and monitoring Low
Floods monitoring and forecasting Low
Pandemic monitoring High
Control of lllegal, Unreported and
Unregulated (IUU) fishing activities Low
in the EU
Maritime safety - Search & Rescue Moderate
Oil pollution monitoring Moderate
Law enforcement and international
. Low
crime
EU border surveillance High
Option 3A : Air quality policy High
Option 3A : Monitoring carbon Hiah
emissions g
Option 3B: Arctic search & rescue .
High
for reported vessels
Option 3B : Arctic oil pollution High
Option 3B: Arctic ice monitoring to Hiah
support navigation 9
Option 3B: Water resources .
High
management
Option 3C: Crop monitoring High
Option 3C: Water resources High

management
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Option 3C: Wetlands monitoring High

Option 3C: Urban area monitoring High
Option 3C: Fire detection and Hiah
monitoring 9
Option 3C: Pandemic monitoring High
Option 3D: Wetlands monitoring High
Option 3D: Forestry management Hiah
and protection 9
Option 3D: Mining and quarrying:

minerals and raw materials High
extraction

Option 4: Control of IUU fishing High
Option 4: Maritime Safety 1 Search Hiah
and Rescue 9
Option 4: Oil pollution monitoring High
Option 4: Law enforcement and Hiah
international crime 9
Option 4: EU borders surveillance High

Table 4 - Level of uncertainty of the impact drivers

It is important to note the fact a high uncertainty does not mean the model developed to
assess the impact driverwas weak and the results should be discard. It only illustrates the
amount of robust data available (desk research and/or stakeholder) related to this area when
the study was carried out. All evolutions options impacts were automatically considered
highly uncertain due to data and information scarcity.
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4 Baseline option 1T Copernicus
programme overall impacts
assessment

The baseline option represents the scenariounder which the Copernicus programme retains
the same scopeas it has currently . In this context, physical assets will need to be renewed
after 2030 to ensure continuity of data, including potential evolution services responding to
user needs.

The baseline option woul d be the point of reference for the analysis of the different evolution
options in section 5.

4.1 Roadmap of applications enabled by the

availability o  f Copernicus D&l

Copernicus D&l impact many different fields and sectors, leading to economic, societal and
environmental impacts. Those impacts were mapped and analysed with the support of
external experts from Copernicus entrusted entities and from the industry. For the purpose
of the analysis, the study had to focus only on impact drivers that can be valued in monetary
terms on the most significant ones (impacts leading to the largest benefits). Each impact
driver leads to a multitude of impacts that can be translated in monetary terms across the
three pillars of sustainability, namely :

1 Economic impacts (i.e. cost reduction for end users);
9 Social impacts (i.e. human life saved);
1 Environmental (i.e. protecti on of the ecosystem).

The table below illustrates the roadmap of applications enabled by the availability of
Copernicus D&l that have been/are currently assessed and monetized.

Theme Impact drivers

EO Downstream Industry

EO Big Data Analytics

Air quality and pollution monitoring and forecasting
Atmosphere and Solar energy monitoring and forecasting

Climate Climate modelling

Additional impacts for atmosphere and climate change
(qualitative impact)

Crops monitoring i support to agriculture

Forestry management and protection
Land Water resources management

Wetlands monitoring

CAP monitoring (qualitative impact)

Intermediate users
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Ground elevation and ground motion monitoring
Support to land mapping and cadastral surveying

Urban area monitoring
Offshore infrastructure management (offshore wind)

Built Environment Oil and Gas infrastructure and exploration activities
(onshore and offshore)

Mining and quarrying: minerals and raw materials extraction

Coastalmonitoring
Marine resources management
Marine and Ocean Water quality monitoring
Ice monitoring to support navigation /ship routing
Maritime navigation

Fire detection and monitoring
Flood monitoring and forecasting

Disasters and Geo -

Hazards : =
Pandemic monitoring
Control of illegal, unreported and unregulated fishing activities
Maritime safety i Search and Rescue
. Oil pollution monitoring
Security

Law enforcement and international crime
EU border surveillance
Support to EU external actions (qualitative impact)

Table 5 - Roadmap of applications enabled by Copernicus D&l (Source: PwC analysis)

4.2 Monetization of Copernicus D&l benefits for
intermediate and end -users

4.2.1Copernicus user uptake discussion

4.2.1.1 An economic discussion on innovatio n adoption and user uptake

The notion of time is inherent in the field of innovation since it impacts heavily adoption of

an innovation within different communities of users. Time is involved in the diffusion of

innovation and in the innovation decision pr ocess, where an individual goes from a

preliminary knowledge to a point where he/she makes a decision to adopt (and then

implement) or reject an innovation and/or new knowledge . Theconcept of Al nnov

di ffusiond is central to innovation anditvlae ue c
process by which an innovation is communicated through certain channels over time
among the members %f a social systemo

This concept is clearly linked to the context of the Copernicus programme where the

availability of new data and information previously not available for free stimulate

innovation and knowledge creation in the field of EO, GIS and EO Big Data. Note that in the

particular case of the Copernicus programme, we wil/
Ai nnovation diffusiono but it refers to the exac

13Rogers, E.M., 2003. Diffusion of Innovations. Fifth edition.
14 Rogers, E.M., 2003. Diffusion of Innovations. P. 2.
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In the field of innovation and technolog y management, adoption rate is rarely linear.
Innovation adopti on or user uptake may be very different from one actor to another, with
some individuals being early-adopters and other requiring more time to absorb an
innovation or new technology. Innovation diffusion 1 user uptake in the case of the
Copernicus programme T is expected to follows an Sshaped curve, bringing together the
notion of innovation adoption and time. This notion of user uptake has been used in the
monetization of the Copernicus data and information, using an S-shaped curve as illustrated
in the chart below.

Copernicus user uptake S-shaped curve
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Figure 11- High level illustration of the notion of user uptake using an S -shaped curved (Sources: adapted from
Rogers, 2003; PwC analysis)

User uptake may have the same Sshaped for all Copernicus D&, it does not mean that all
impacts drivers (i.e. air quality monitoring, search and rescue, etc.) have the same level of
benefitsd contribution derived from Copernicus L

Figure 11split Copernicus D&I user uptake into three main phases, as detailed above:

1 Early adoption phase : this first phase concerns very few individuals or companies
that are innovators and have already strong knowledge about Earth observation,
imagery and software (i.e. coders). These individuals/organisations are able to make
use of Copernicus D&I almost immediately. Literature on the diffusion of innovation
considers that early adoption phase mncerns usually about 15% of the overall
population of potential users. 13

I Take -off phase : this second phase represents the vast majority of individuals and
organisations trying to make use of Copernicus D&I. This phase relies on the stock of
knowledge, information and software already developed by early adopters, enabling
the vast majority of users to make use of Copernicus D&l and create value for he
society out of it. Literature on the diffusion of innovation considers that take -off
phase concerns usually almost 70% of the overall population of potential users?3
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1 Maturity phase : the third and last phase represents innovation laggards,
representing individuals and organisations more conservative or technology-averse
that require more time to absorb new knowledge and innovation. Literature on t he
diffusion of innovation considers that maturity phase concerns usually about 15% of
the overall population of potential users. 13

Copernicus user uptake (early adoption and take-off phases) is expected to be around5
years 15 In this context, most of the benefits derived from Copernicus D&l should

start to be significant after 2020 , depending on the specificity of the impacts under
scrutiny (i.e. some impacts can start materializing later than 2020).

4.2 .2Benefits for intermediate users

4.2.2.1 European EO downstream industry

The Copernicus programme was primarily designed to provide geospatial information in
support of policy making. Such an open data programme in the field of geospatial
information , providing free -of-use satellite-based imagery but also many sources of iRsitu
data, could have been seen as a threat for the private EO servicemdustry.

Nevertheless, the European downstream industry considers Copernicus data and
information contribute to strengthen their competitive advantage by offering new business
opportunities and raising awareness about the benefits derived from geospatial information
both in Europe and outside. Additionally, acting as participants of the Copernicus
programme and recipients of research and innovation funding (i.e. H2020), European
intermediate users directly benefits from the Copernicus programme, stimulating t heir
competitiveness on global markets.

EARSC carries every two yars an industry survey assessing the European market for
European downstream companies. Global European downstream industry is estimated at

EUR 1.2 B in 2017 by the European Association of Remote Sensing Companies (EARS®)
with a growth rate of around 10% annually. This industry supports more than 7,000 highly

skilled jobs in Europe and has an averageannual growth rate of 10%!"7. In these surveys, a
particular focus has been given to the Copernicus programme and the contribution of
Copernicus D&l to European intermediate users. This assessment is illustrated in the table
below.

EUR M; EUR 2017; not discounted values 2015 2017

Overall European intermediate

910 1226
users revenues
Revenues enabled by free 60 92
Copernicus data & information
Share of overall European
intermedi ate use 6.6% 7 5%

enabled by Copernicus data &
information

Table 6 - Summary of revenues driven by free Copernicus D&l (Sources: EARSC, 2015; EARSC; 2017)

NSR (2016) estimations of European Compound Annual Growth Rate (CAGR) was used to
project overall European intermediate users revenues over the period 201771 2025. Since
CAGR is expected to slow down after 2025due to the fact that the intermediate user market

15Expert consultation
16 EARSC, 2017. EO services industry. A Survey into the State and Health of the European EGervices Industry.
17EARSC, 2017. Copernicus Evolution: Fostering Growth in the EO Downstream Services Sector.
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will reach a certain level of maturity, a conservative assumption was taken that CAGR would
be equal to around 5% over the period 20257 2035.

As discussed in the section4.2.1, user uptake is estimated to be around 5 years. The full
constellation is expected to be operational by 20192020, meaning the period 2020 i 2025 is
expected to have the highest growth in the contribution of Copernicus D&I, before stabilizing
after 2025. Starting from 2015, where Copernicus D&l represents 6,6% of the overal
European EO downstream market!8, two scenarios for the contribution of Copernicus D&l
were developed using the secalled S-shaped curve for the user uptake:

1 High estimate : contribution of Copernicus data and information is expected to
reach 15% by 2020 and 20% by 20253°. This contribution is then expected to remain
constant after 2025;

1 Low estimate : contribution of Copernicus data and information is expected to
reach 10% by D20 and 15% by 20259. This contribution is then expected to remain
constant after 2025.

Medium estimate is obtained by making an average between low and high estimate.The
strong growth up to 2025 for traditional EO downstream is expected to be supported by

Cumul ative revenues of European i nt 0lhie2035at e u s ¢
is expected to range between EUR 505 M (low estimate) and EUR 7 648 M (high estimate),

reaching around EUR 474 M (low estimate) and EUR 633 M (high estimate) by 2035.

Expected evolution of these revenuesis displayed in the chart below.
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Figure 12- European intermediate users enabled by Copernicus data and information (Sources: EARSC, 2015;
NSR, 2016; PwC, 2016; EARSC, 2017; PwC analysis)

18 EARSC, 2015. EO services industry. A Survey into the State and Health of the European EO Services Industry.

19PwC, 2016. Study to examine the socieeconomic impact of Copernicus in the EU. Report on the Copernicus downstream sector and user benefits. Report
prepared for the European Commission. Brussels, Belgium.

Calibrated with EO experts
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4.2.2.2 Contribution to Big Data in Europe

Today's context of the digital economy and Big Data paradigm are disrupting intermediate

users mar ket by shifting traditional EO servi

relying on strong computing power, cloud -based platforms and the merger of more and more
data sources.Big Data analytics basedon satellite imagery is considered as a derivative of EO
downstream i nfor mat EPdu repmre shdnunottincldded nira thek peevious

section on European EO downstream industry revenues. In fact, this new market is enabled

by the availability of very large sources of satellite-based imageryand in-situ data. These new
sources of data are available at no cost through open data programms (i.e. Landsat and
Copernicus) or at very low cost through large EO commercial constellations (i.e. Planet,
Spire, etc.). Market of Big Data analytics based on satellite imageryrelies on the processing,
analysis and fusion of multiple images and other data sources in order to create intelligence
not previou sly available; many of EO Big Data applications rely on statistics and econometric
models linking information extracted from all the different datasets to create high value

added products.

The availability of a large volume of free of charge data is consigred as one of the key
enablers of the EO Big Data market worldwide . In this sense, theopen EO data programmes
(i.e. Landsat, Copernicus, MODIS, etc.) play a key role to lower barriers to entry by enabling
these new entrants to have access to a fertile @yground of innovation in the field of Big
Data analytics. Indeed, these expert can then develop and test their algorithms on large
volumes of standardised data free of charge before being commercially viable.

The Copernicus programme is considered to be a the origin of the market of Big Data
analytics based on satellite imagery in Europe, more than any other open EO data
programme. Even if current market has not yet take off in Europe, the Copernicus
programme is expected toplay a major role in stimulati ng this market over the next years, on
account of:

9 The volume of data provided by Copernicus : The Copernicus programme is
expected to provide a tremendous volume of data once all the services and satellites
would be operational. Such volume will constitute a huge repository of data in the
next years, including satellite-based imagery but also many sources of insitu data.
This amount of data available for free is expected to highly stimulate Big Data
analytics capabilities in Europe in the next decades;

9 The variety of data provided by Copernicus : Continuity of the Copernicus
programme will enable the creation of long archives of imagery from different type of
sensors, different wavelengths, and different spatial and temporal resolutions, but
also archives of many different sources of insitu data from all over Europe. The
richness of this large repository of data should also contribute to develop a strong
European Big Data analytics market.

EO Big Data revenues are expected to growglobally at an average CAGR of 27% over the
period 20157 2025, reflecting a strong commercial interest in the super-fast growing market
of Big Data analytics using imagery over the next decade.NSR (2016) highlights the fact that
the Big Data analytics market based on imageryis and would remain very strong in North
America. This can be explained by the presence of the saalled GAFA (Google Apple
Facebook Amazon) and their ecosystens. Compared to traditional EO downstream industry

C €

mostly relying on pub Ithie serviaes indugsiry (i.et finahcdabindastnd t o mer s,

is expected to be the largest customer for Big Daa analytics based on imageryin the next
years. Indeed, the financial community is currently heavily adopting Big Data analytics
relying on imagery, providing better risk mapping and assessment for financial activities. 20

20 NSR, 2016. Satellite Based Earth Observation (EO), 8th Edition. September, 2016.
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The Copernicus programme is considered to have been at the origin of the development of a
market in Europe for imagery and in-situ data into the Big Data analytics economy. As
previously mentioned, the amount of information and data (both space -based and in-situ)
available for free has given a spark to this new, highly promising market in Europe. The
Copernicus programme is currently stimulating strong interest from private actors and
individ uals that is expected to lead to a tremencus growth on this market, leading to a
reduction of the contribution of Copernicus data and information into the overall Big Data
analytics using imagery. Large private constellations of satellites planned to be launched
over the next year are indeed also expected to play a key role into the takeoff of the Big Data
analytics market in Europe. The expected contribution of Copernicus data and information
to the overall European market for Big Data analytics relying on imagery is illustrated in the
chart below. The assessment relies on two scenarios (low and high estimates) where
Copernicusod contribution evolves fror0%A@O% i n 2
estimate 7 high estimate) of the overall European Big Data analytics relying on imagery
around 2020-2021 (once all the Sentinels fleet will be flying)2L. This contribution is then
expected to stay almost the @ame over the period 2020 1 2035, as illustrated in the figure
below.

Even if this contribution seems to be quite high, the amount of imagery from many different
sensors and wavelength, insitu data and modelling made available for free is unprecedented
in Europe and worldwide. The spillovers of these new materials available for free on digital

platform T making them really easy to be accessed and used is considered to be the major
driver of the emergence of Big Data analytics market related to geospatial in Europe
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Figure 13- Share of revenues attributed to Copernicus D&I as the contribution of imagery to Big Data analytics
in Europe (Sources: NSR, 2016; expert consultation; PwC analysis )

Medium estimate is obtained by assessing the average value between high and low estimate.
Current benefits attributed to Copernicus data and information in the field of Big Data
analytics are estimated to be around EUR 13 M in 2015 Big data analytics using imagery

21Thi s assessment is based on consultation of experts in tihteshdwiheré ahordefof iBi g Dat a ar

magnitude rather than an exact benefits assessment since no previous study has ever tried to look at this type of benefits.
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represents an estimated market of EUR 100 M worldwide in 2015. Having such low benefits
is coherent with the current early operational stage of the Copernicus programme, where the
volume of data (satellite-based imagery and insitu data) available does not enable the
market to take-off in Europe. Nevertheless, this market in Europe is expected to grow
tremendously over the next decade (205 i 2025) with an average CAGR 349%82. No data
being available on average CAGR after 2025, the decision was made to use @AGR reduced
by 1% each yearover the period 2025 i 2035 to illustrate the fact the market will reach a
certain level of maturity. Overall revenues derived from Copernicus D&l over the period
20157 2035 is illustrated in the chart below.
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Figure 14- Big Data analytics revenues enabled bythe availability of Copernicus data and information
(Sources: NSR, 2016; PwC analysis)

Over the period 2017 7 2035, Big Data analytics revenues enabled by the availability of
Copernicus data and information are estimated to range between EUR 1 932 M (pessimistic
scenario) and EUR 2 898 M (optimi stic scenario) in cumulative terms.

4223 Over all European intermediate usersodé benefit
Copernicus data and information

The Copernicus programme is expected to lead to significant benefits for European
intermediate users (EO traditional downstream and Big Data analytics based on imagery,
contributing to reinforce their competitive advantage. In the coming years, EO traditional
downstream and Big Data analytics actors are expected to convergento the large data and
digital economy, even if the type of products provided, and so the revenues, will remain two
distinct categories.

Copernicus data and information should also stimulate exports of EO services outside
Europe but the share of exportations versus European-only revenues was not possible to be
assessed accurately. Recent EU initiativesn Africa and Latin America, such as the EU Africa

22 NSR, 2016. Satellite Based Earth Observation (EO), 8th Edition. September, 2016.
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Partnership2® or the Cooperation Programme on Drugs Policies (COPOLAD) between the EU
and Latin America?4, should indeed contribute to stimulate exportations of in formation
products and services of European intermediate users to these regions.

Over the period 20177 2035, the availability of Copernicus D&l is expected to lead between
EUR 7 637 M (pessimistic scenario) and EUR 10 545 M (optimistic scenario) revenuesfor
European intermediate users, with a medium scenario of EUR 9091 M. This trend is
illustrated in the chart bel ow. Note that
European EO downstream industry revenues and Big Data analytics based on imagry
revenues enabled by Copernicus D&l.
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Figure 15- Overall European intermediate users revenues enabled by Copernicus data and information
(Sources: EARSC, 2015; NSR, 2016; EARSC, 2017; PwC analysis)

4.2.3Benefits for end-users

If the previous section has highlighted all the revenues enabled by Copernicus D&l, these
information have wider impacts on the European society through it diffusion to end -users.
End-users may be direct users (such as eneusers in the O&G industry) or indire ct users not
even aware of using or benefiting from Copernicus D&l (i.e. citizens benefiting from a better

air quality or a reduced pollution of groundwater). This section gives a specific focus to social
and environmental benefits.

23 More details available on the EU Africa Partnership website

Link: http://www.africa -eu-partnership.org/en

24 More details available on the EU International Cooperation and Development website

Link: https://ec.europa.eu/europeaid/regions/latin -america/copolad -cooperation-programme-between-latin -america-and-european-union -drugs_en
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The following sub-sections introduce all the impacts enabled by Copernicus D&l that accrue
to end users that can be assessed and transformed into monetary values. Benefits are split
among six families of impacts, following EARSC taxonomy on EO service$>.

4.2.3.1 Atmosphere and climate

Air pollution is the largest environmental risk to health; indeed, the WHO estimates that in

2012, one in nine deaths globally was the result of airpollution related health conditions 26,

Although in Euro pe air quality has improved significantly in past decades, air pollution
concentrations remain high and a | arge proportic
air pollution above EU limits 27. Monitoring air quality is key to determine whether areas a re

meeting pollution targets and to assess the impact of air pollution policies.

Satellite data on atmospheric composition has only recently been incorporated into air
quality models, and is useful to monitor, assess and forecast air quality conditions by
providing views of air pollution over large areas. One of the many uses of satellite data is that
it can be used for users and policymakers to verify data from air quality monitoring stations
when combined with on-ground measurements?s,

Through CAMS (Copernicus Atmosphere Monitoring Service), the state of the atmosphere is
estimated daily and forecasts are provided based on models and observationsCAMS uses a
wide range of satellite data, on the ground measurements and models. One of the CAMS
products provides air quality forecasts for Europe (resolution of 10km) 4 days in advance
and globally (resolution of 40km) 5 days in advance. CAMS provides information at national
and regional level which is included in local air quality analysis and forecast models. Whilst
local on-ground measurements provide highly localised information of pollution, CAMS data
provides regional effects and forecasts which are used to improve the accuracy of air
pollution forecasts 2°.

The availability of air quality and pollution data can enable policymakers to devise measures
to prevent acute air pollution episodes and meeting EU air quality targets, and be used as a
data input to air quality alert services (e.g. airTEXT, which provide s air pollution warnings
via text message or smartphone application in advance of medium or high air pollution
episodes). This leads to the following impact pathway, which maps out the total impact of the
air quality monitoring application (impact driver) through to the particular environmental,
societal or economic benefits (impacts):

25 EARSC, 2015. Taxonomy for the EO Services Market.

26 WHO 2016. Ambient air pollution: a global assessment of exposure and burden of disease.

27 European Environmental Agency, 2017.

28 Diofantos G. Hadjimitsis, Kyriacos Themistocleous and Argyro Nisantzi, 2012. Air Pollution Monitoring Using Earth Observation & GIS.
29 Interview with Amy Stidworthy (AirTEXT) on 3rd July 2017.
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Figure 16- Impact pathway for air quality and pollution monitoring (Source: PwC analysis)

The quantification of the benefit mentioned above is based on the following outcomes which
can be assumed:

9 Decreased exposure to air pollution as a result of air pollution alert services;

1 Enabling policymakers to meet EU air pollution targets under the Clean Air
Programme (Directive 2016), through improved mitigation and response to acute air
pollution episodes.

4.2.3.1.1.1 Decreased exposure to air pollution as a result of air pollution alert services

The impacts from air quality and pollution warning systems, such as airTEXT, are valued by
calculating the reduced exposure to air pollution in populations living in high pollution
areas. CAMS regional air pollution forecast data is used as a key input in the models that
provide the airTEXT warnings. It is assumed that CAMS downstream data users can expand
airTEXT -like services to more cities in Europe from 2018 onwards (currently London,
Barcelona, Vienna and Riga have a service in plac®) and then globally from 2020. Several
other air quality smartphone and/or website apps using CAMS forecast data are already
available for Europe and the rest of the world from commercial providers (e.g., PlumeLabs,
Breezometer) and nati onal environment al
Reduced exposure to air pollution as a result of this service results in improved health, which
is measured by the health valuations of asthma and chronic obstructive pulmonary disease
(COPD) cases, which includes saved treatment costs and valuations of quality of life As the
quality of forecasts has been estimated to be improved by 1020%, it is assumed that
Copernicus contributes 15% to the improved health impacts of the airTEXT servicel,

Methodological approach to decreased air pollution exposure

Our approach is based on studies of air alert services and saved costs from avoide(
hospitalisation from people taking action to reduce their exposure to air pollution. The steps
are:

1. Determine the number of people using airTEXT and taking action based on these

30 Interview with Amy Stidworthy (AirTEXT) on 3rd July 2017.
31PwC, 2016. Study to examine the socieeconomic impact of Copernicus in the EU.
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alerts

2. Calculate the prevalence of COPD and asthma to find the avoided hospitalisations
from reduced exposure to air pollution

3. Multiply by the contribution of Copernicus in improving air pollution forecasts of
airTEXT

4. Apply the contribution of Copernicus to this reduction

Decreased exposure to air pollution from air pollution alert services

Valuation approach

Avoided Health values of Contribution of
Impact (EUR) hospitalisation hospital Copernicusto  air

from COPD and admissions and pollution
asthma COPD cases forecasts

Currently, 0.23% of the population in cities where airTEXT is available use this service.
However, it is expected that take-up will increase exponentially as more people become
aware of the service and concerns about air pollution. Furthermore, mobile phone and
smartphone penetration will continue to increase (global penetration of mobile phones stood
at 93% in 2013 and smartphone penetration is expected at 60% in 2020%2). In the mid -range
scenario, it is assumed that 10% of the EU population3® and 10% of the global population
living in polluted areas are using an airText-like service enabled by CAMS data by 2035. In
the low scenario, 5% of the EU and global population in polluted areas use the service; and in
the high scenario, 15% of the EU and global population in polluted areas use air alerts.

Based on several studes, it has been assumed that 30% of people receiving air pollution
alerts take action and that the action is 100% effective in averting all pollutants, e.g. by
reducing time spent outdoors34. A study conducted for London and the region of Sussex has
estimated the numbers of airTEXT users with asthma and COPD required to avoid one
hospital admission3s. This analysis has been used as a proxy for EU and globally, scatl by
relative healthcare costs?.

Based on this study, it has been assumed that the prevalenceof these conditions is 10%
higher in polluted areas than in the general population due to two factors. Firstly, these
conditions occur with higher frequency in highly polluted areas; and secondly, people with
these conditions are more likely to subscribe to airTEXT. As air alert services use CAMS data
as one of several data inputs in their air pollution forecasting, 15% of the benefit is attributed
to Copernicus. This is based on the 2016 PwC study which estimated quality improvements
in forecasting of between 10-20%?3". The average global health value of a respiratory hospital
admission is EUR 1,730 and the average global health value of £OPD case is EUR 26,80%.

32 GSMA, 2016. Global mobile phone trends. Available at:
https://www.gsmaintelligence.com/research/?file=357f1541c77358e61787fac35259dc92&download

33 Discussions with AirTEXT.

34 Semenza et al 2008; Wen et al 2009; Clift & Smallbone.

35 King's College London 2014. Air pollution alert services evidence development strategy.

36 WHO-CHOICE 2011 unit costs by country and GBD region.

37PwC, 2016. Study to examine the socieeconomic impact of Copernicus in the EU.

38Kingdés College (2015) Un dseffAxr Potlutich in hapdon. fihe hetlth walu¢ for a tespipatory hospital admission in UK is EUR
8,505 and EUR 131,690 for COPD. These have been scaled to find the global average using WHO (2011) data on the global heatthre cost ratio.
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As a result, total benefits for the EU in avoided asthma and COPD hospitalisations from air
alert servicesare expected to start at EUR 0.01 Min 2017 and rise between EUR 2 M to EUR
6.1 M in 2035, for a total cumulative value ranging from EUR 8.3 M to EUR 21.0 M (in 2017
not discounted prices).
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Figure 17- EU benefits enabled by CopernicusD&l related to air quality and pollution monitoring T airTEXT

(2017 EUR in undiscounted values) (Source: PwC analysis)

Total benefits globally (including EU) start at EUR 0.01 M in 2017 and rise until a range
between EUR 11.3 M and EUR 333.8 M in 2035, for a total cumulative value ranging from
EUR 341 Mto EUR 894 M (in 2017 not discounted prices).
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Figure 18- Global benefits enabled by Copernicus D&I related to air quality and pollution monitoring 1
airTEXT (2017 EUR in undiscounted values) (Source: PwC analysis)

4.2.3.1.1.2 Enabling policymakers to meet EU air pollution targets under the 2013 National

Emission Ceilings Directive
CAMS provides air quality forecasts for Europe (resolution of 10km) 4 days in advance. This
provides policymakers with information to pre -emptively mitigate or reduce the impacts of
severe air pollution episodes a few days in advance, rather thansolely relying on real time
observations. CAMS allows decision makers to select emission reduction strategies most
adapted to each situation, enabling more effective public decision making on reducing air
pollution. This can enable policies such as restricting traffic through cities, tempor ary speed
reductions on motorways, changes in airplane schedules or compensating industrial energy
users to reduce capacity during periods of high air pollution. If these reduction measures are
taken, pollutant levels will go down, CAMS provides policy support for the management of
air pollution episodes through its green scenario tool, by forecasting the impact of air
pollutant emissions reduction scenarios on air pollutant concentrations. 3° This allows an
evaluation of the effectiveness of pollution reduction strategies. Potential reductions in air
pollution predominantly benefit health, but also agricultural productivity (as certain
pollutants negatively impact the growth of crops) and visibility (air emissions can form smog
which affects navigation and enjoyment of recreational sites).

39 CAMS Green Senarios Documentation 2017.
http://policy.atmosphere.copernicus.eu/reports: CAMS71_2016SC1_D71.2.1b_201701_GreenScenariosDocumentation_v3.pdf
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Methodological approach to meeting EU air pollution targets

Our approach is based on the increased ability to meet EU National Emission Ceilings as a
result of better air pollution forecasts improving the effectiveness of policy actions.

1. Determine the number of people using airTEXT and taking action based on these
alerts

2. Calculate the prevalence of COPD and asthma to find the avoided hospitalisations
from reduced exposure to air pollution

3. Multiply by the contribution of C opernicus in improving air pollution forecasts of
airTEXT

Increased ability to meet EU air pollution targets

Valuation approach

Valuation of air

pollution impacts Contribution of
in health, Copernicus to
agriculture & meeting NECs
visibility

— Reduction in air
pollution

Impact (EUR -
pact (EUR) emissions under

NECs

Based on consultations with experts*, we have taken the approach of valuing the benefits of
CAMS in managing and reducing the effects of acute air pollution episodes.As the effects on
particular air pollution concentrations vary significantly by time and geography, the
valuation methodology taken here is that the information from CAMS air quality forecasting
is different from existing ground measurement sources. The value of this information is that
by forecasting acute air pollution episodes, CAMS enables policymakers and individuals to
take action to reduce air pollution or avoid its impacts. This in turn contributes to enabling
policymakers in the EU to meet the air quality limits under Directive 2016/2284/EU on the
reduction of national emissions of air pollutants (entered into force December 2016) , which
is what has been modelled here Under this directive, national emission ceilings (NEC) per
pollutant have been sd& between 2020 and2030 and stricter targets from 2030 onwards.
Whilst CAMS itself does not lead to specific policy actions, it can provide actionable
information to support these. In this study, following consultation with stakeholders, the
assumption has been taken that CAMS will contribute between 2.5-5% of the ability to meet
the National Emission Ceilings under this legislation in 2017 and 5-10% contribution in
2035. This is due to improved information and data which can assist countries in evaluating
and improving their policies to reduce air pollution. However, as this is an assumption, there
is uncertainty around the results.

To assess the benefits of Copernicus, the air pollution emissions level under Directive
2016/2284/EU is compared to a baseline. This baseline has been constructed by taking the
current level of pollutants NH3, NOx, SOx, PM10, PM2.5 and VOC and projecting forward
this level based on the decrease in these pollutants since 2000 across the EkR7. The
difference between the baseline lesels of pollution and those involving policy intervention
has been quantified using the PwC valuation methodology on air pollution4. This
methodology values the costs from air pollution in monetary terms, from impacts on human
health, agriculture and visib ility. It is important to note that the benefits monetised here are

40 Vincent-Henri Peuch (ECWMF), Richard Engelen (ECMWF), Juan Garces De Marcilla (ECMWF), Carlo Buontemp (ECMWF).

41PwC, 2015. Available at: http://pdf.pwc.co.uk/pwc -environmental -valuation -methodologies.pdf
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contingent on policymakers acting on the Copernicus data to enable more rapid or effective
policy change.

The benefits of reduced air pollution from CAMS is valued between EUR 272.8 M and 545.5
M in 2017, rising to between EUR 768 M and EUR 1,525 M per year in 2035 (in 2017
undiscounted prices). 76% of this benefit (EUR 11,740M in the medium scenario over the
total period) is from avoided negative effects on health. The total cumulative value ranges
from EUR 10,379 M to 20,746 M (not discounted value). Whilst these benefits appear high, a
WHO report in 2015 estimated that the economic cost of health impacts and mortality was
US$1.575 trillion per year4? and the European Commission has estimaed health related
costs of air pollution between EUR 390 to 940 billion per year. 43
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Figure 19- Total EU benefits enabled by Copernicus data and information related to meeting EU air quality
regulations (2017 EUR in undiscounted values) (Source: PwC analysis)

423113 Summary of Copernicus contribution to AAir qual

The total not discounted benefits linked to Copernicus in the EU, are expected to amount to:

Copernicus EU benefits i Cumulative
EUR M 2017 2ues 2089 2017 i 2035

Low estimate 272.8 527.7 768.1 10,378.7
Medium estimate 409.1 791.5 1,143.8 15,559.7
High estimate 545.5 1,055.4 1,525.1 20,746.2
Table 7 - Copernicus total EU benefits for the three scenarios (EUR 2017, not discounted values) (Source: PwC
analysis)

42 WHO Regional Office for Europe, OECD (2015). Economic cost of the health impact of air pollution in Europe: Clean air, health and wealth.
43 European Parliament, January 2017. Briefing i Reducing air pollution. Available at:
http://www.europarl.europa.eu/RegData/etudes/BRIE/2017/595893/EPRS_BRI(2017)595893_EN.pdf
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Differentiation factor of EO and Copernicus D&l

The air quality forecasts from Copernicus are important to monitor air pollution in Europe,
as they are reliable and accurate. There are few alternatives to this CAMS product and as
existing alternatives are less reliable and have a lower spatial resolution, they would be less
suitable to feed the air pollution forecast models. Therefore, if Copernicus assets are shut
down by 2030, other air quality forecasts could be used but these would be less reliable, not
freely available and of inferior spatial resolution, therefore not enabling the same outcomes.

With the recent NDC targets under the COP21 Paris Agreement as well as the revised
European Renewable Energy Directive targeting a 27% share of renewables in the final
energy consumption by 2030, renewable energy and, as part of it, solar energy has a
significant role to play.

The Copernicus Atmosphere Monitoring service (CAMS) provides a service theme dedicated
to solar radiation44. Solar radiation may vary depending on several parameters (clouds,
aerosols, water vapour or ozone) which are all monitored by CAMS®. Being able to track
these parameters upstream enables the provision of accurate solar radiation products. These
products are especially relevant for the solar energy industry and the electricity sector. CAMS
deals with the visible solar spectrum on a wide geographical coverage (Europe but also
Africa, the Middle East and Asia) and provides 4-day forecasts, therefore enabling a better
monitoring and forecasting of solar energy“6. Copernicus can therefore be an asset for solar
energy dedicated to electricity generation.

The availability of precise information on solar radiation through CAMS products is key to
enhance the management of solar energy as shown in the following impact pathway, which
maps out the total impact of the solar energy monitoring and for ecasting application (impact
driver) through to the particular environmental, societal or economic benefits (impacts):

44 CAMS portal. (Online) Available at: http://atmosphere.copernicus.eu/services/solar -radiation (Accessed: July 20th 2017)

45 CAMS catalogue. (Online) Available at: http://atmosphere.copernicus.eu/catalogue/#/  (Accessed: duly 20th 2017)

46 Copernicus factsheets. (Online) Available at:
http://www.copernicus.eu/sites/default/files/documents/Copernicus_Factsheets/Copernicus_AtmosphereMonitoring_Feb2017.pdf (Acc essed: July 20th
2017)
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Figure 20 - Impact pathway for solar energy monitoring and forecasting (Source: PwC analysis)

Copernicus can play two key roles in the increase of solar energy generation for electricity in
the next years. Firstly, by enabling the determination of the site location that will generate
the most profitability in the long run. For instance, solar panel s are less efficient when they
are subject to desert dust’. However, deserts are great locations for solar panels as solar
irradiance is very high. Desert dust makes the solar mirrors dirty, hindering them from
working at full capacity and therefore leading to energy losses. More globally, any kind of
dust and air pollution impact the productivity of solar power plants 48, hence the necessity to
find the right site location, one that has a high solar irradiance and that is not subject to dust
or air pollution. Secondly, as a potential CAMS service evolution,by giving the ability to
better forecast energy production. Indeed, with the use of CAMS products, the potential yield
of solar plants can be assessef}. For instance, under most regulatory regimes, Photovoltaic
(PV) electricity producers have to provide electricity grid manager with energy production
forecasts a day in advance. When their forecasts are too far from the electricity that was
actually generated, they need to pay penalties. Though, no préliction is ever 100% accurate,
Copernicus products help reduce the error rate of the forecasts and as such the penalties
incurred %0, Similarly, forecasting enables solar panels to be used more efficiently: knowing in
advance that solar radiations will be low at a specific date and time in a designated area
enables the PV electricity producer to not rely on the panels in this area. These two elements
enable the increased production of solar energy. This increase in solar energy generation
enables the following benefits:

1 Reduced costs as a result of better infrastructure management leading to higher
profitability thanks to the increase in solar energy on the market;

1 Improved security of energy supply as the growing share of renewable energy,
through solar energy, enables diversification of the energy mix;

1 Reduced CO2 emissions due to a decrease in reliance on fossil fuel energy sources.

47 CAMS portal. (Online) Available at: http://atmosphere.copernicus.eu/services/solar -radiation (Accessed: July 20th 2017)

48 Pollution could block 25 percent of the light that would become solar power. (Online) Available at:

http ://mww.popularmechanics.com/science/energy/news/a27112/pollution -can-block-25-percent-of-solar-power/ (Accessed: July 20th 2017)

49 CAMS presentation: products, services and opportunities. (Online) Available at:

http://www.snsb.se/Global/Fj%C3%A4rranalysanv %C3%A4ndare/Fj%C3%A4rranalysdagarna%202015/Plenarsalen_Plenum/3%20CAMS_Peuch_Fj%C3%
Adrranalysdagarna2015_210ctober2015.pdf (Accessed: July 20th 2017)

50 PwC, 2016, Study to examine the socieeconomic impact of Copernicus in the EU: Report on the Copernicus downstream sector and user benefits
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The quantification of the benefits mentioned above is as follows:

4.2.3.1.2.1 Reduced costs of energy:

Profitability of the solar energy market is going to increase in the next few years. There are
several reasons for this: solar infrastructure prices are slowly decreasing®;, European and
often national directives push forward for a larger share of renewable energy in the energy
mix, of which solar, along with wind, is crucial °2; and environmental awareness of citizens
has brought attention upon renewable energy sources as opposed to fossil fuel energy
sourcess.

As such, Copernicus can play a part in the increase in profitability through its ability to help
improve site selection and farm design. Indeed, the development of new technologies has
improved the capacity of solar panels making them able to generate more than before:
technological innovations therefore impact the cost to produce energy from solar PV
infrastructure. Site location has a particular role to play: depending on the solar irradiance
and potential pollution in a specific area, different types of solar panels should be installed.
Copernicus has the ability to track these two factors and enables the solar PV producer to
choose to install the solar PV type with the right characteristics depending on its location.

Methodological approach to value reduced
costs of energy

Our model is based on the evolution of the Levelized Costof Energy (LCOE) for solar power
electricity and the yearly increase in energy generation. The steps are:

1. Determine the volume of new electricity generated every year

2. Calculate the LCOE evolution over the years

3. Assess the cost reduction to produce newsolar electricity

4. Apply the contribution of Copernicus to this cost reduction

Reduced costs as a result of better infrastructure management leading to higher
profitability thanks to the increase in solar energy on the market

Valuation approach

Contribution of
New solar Copernicus to site
capacity installed location and farm
design

Cost reduction to
Impact (EUR) produce new

solar electricity

The analysis considers the evolution of solar electricity generation over the period based on
t he European Union new policies scenarnergys
Outlook®4. This is assumed to be broadly equivalent to the EU's NDC and 2030 Climate &
Energy package. These information are then used to calculate the yearly increase in solar

51J . Doyne Farmer & Fran-ois Lafond, 2016, AHow predictablb® is technological

52 European Parliament website. (Online) Available at: http://www.europarl.europa.eu/atyourse rvice/en/displayFtu.html?ftuld=FTU_5.7.4.html (Accessed:
July 20th 2017)

53 Horizon 2020 programme, Intelligent Energy Europe. (Online) Available at : https://ec.europa.eu/easme/en/intelligent -energy-europe (Accessed: July
20th 2017)

54 |EA, 2016, World Energy Outlook 2016
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electricity generated, considering that new facilities are needed to suppart this increase in
electricity production. This increase in solar electricity production is then multiplied by the
decrease in cost of the Levelized Cost Of Energy (LCOE). The LCOE is the cost to produce
electricity taking into account, among others, the initial capital invested in the facility as well

as the cost of operations and of maintenance of the infrastructure in the long run. This cost
will decrease over the years® and part of this reduction is attributed to Copernicus: the cost

of supplying a given amount of solar capacity decreases, and, in parallel, the quantity of solar
capacity that can be supplied at a given price increases. Demand for new solar farms being
neither perfectly elastic nor perfectly inelastic, both price and quantity of solar capacity are
therefore evolving.

Price reduction in LCOE is not only attributable to Copernicus, however, site location is one
of the main elements that leads to this decreas in price. As Copernicus can provide data on
solar irradiance and pollution in specific locations, it contributes to the improvement of
choice of farm design in specific location. The Copernicus contribution is assumed to range
between 0.5% and 1% in 2017rising to between 2% and 5% in 2020, up to between 5% and
10% by 203056,

As a result, benefits linked to Copernicus are expected to amount between EUR 0.1 M and
EUR 0.3 M in 2017, rising to between EUR 0.4 M and EUR 0.8 M in 2035 for a total
cumulative value ranging from EUR 5.9 M to EUR 12.7 M (not discounted values).

The global trend over the period is illustrated in the chart below. The trend is composed of
several bumps. Indeed, the LCOE will constantly decrease over the period, and the
Copernicus cortribution will constantly increase, though at a different pace depending on
the years, but the new solar electricity generation will strongly vary across the years, being
strong in the first 10 years of the reporting period, and being less important after.

=

EUR M (2017 values,not discounted)

20 A A

—Benefits enabled by Copernicus - Low
Benefits enabled by Copernicus - Medium
—Benefits enabled by Copernicus - High

55 KIC InnoEnergy, 2016, Future renewable energy costs: solar photovoltaics. (Online) Available at: http://www.innoenergy.com/wp -

content/uploads/2016/01/KIC -InnoEnergy -Solar-PV-anticipated -innovations -impact.pdf (Accessed: July 20th 2017)

56 PwC analysis; expert consultation
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Figure 21-Evol uti on of the Copernicus benefits for the
(Source: PwC analysis)

Differentiation factor of EO and Copernicus D&l

The use of satellite data is essential to provideaccurate climatology and forecasts of solar
irradiance and thus of solar electricity production. Solar PV forecasts can come from
different origins: weather forecasts, PV system data (i.e. historical data of the facility) or
satellite imagery>’. These dataare then feeding predictive models. As such, both data and the
models are intertwined and the lack of the former directly impacts the model. Satellite
imagery is considered to provide very detailed information, especially on cloud patterns that
directly affect solar irradiance, hence their importance and Copernicus can provide this type
of data. If all Copernicus assets were shut down in 2030, other sources of satellite data could
be used but would be either too expensive, not good enough in terms of spatiaresolution,
not adequate in terms of delivery delay or not optimal in terms of revisit frequency %8. As
such, no free solution would perfectly replace Copernicus.

4.2.3.1.2.2 Improved security of energy supply

The analysis of the contribution to the improvement of the security of energy supply consists
in looking at how Copernicus enables European countries to develop renewable energy
sources like solar in a profitable manner so as to avoid reliance on a single and dominant
source of energy in the final consumption, especially if the energy has to be imported or if its
price is highly volatile. Indeed, Copernicus can help secure a share of solar energy in the final
consumption thanks to the provision of reliable and accurate forecasts, as well as by helping
choose the letter solar plant location in the first place. However, and though all European
countries are under the obligation of the European Renewable Energy directive, it is difficult
to model the benefits for the European Union of securing energy supply as this problematic
is mostly national and strongly varies from a country to another, depending on their current
energy mix. For instance, when looking at electricity production sources, France is mostly
dependent on nuclears®, whereas Germany still relies heavily oncoalf® and gas is important
in the UKS®L The share of renewable energy, and especially solar, also varies between
European Union member states.

As improving security of energy supply has a different meaning for all countries and as it is
hard to assess the contribution of Copernicus in such different cases,this benefit cannot
be modelled for Europe as a whole.

4.2.3.1.2.3 Reduced CO2 emissions

The role of satellite imagery and of Copernicus in enabling the reduction in CO2 emissions is
directly linked to the first benefit on the reduction of the cost of energy. As demand for
electricity as a whole is inelastic, any increase in supply of solar energy displacesther (on
average higher carbon) energy sources, leading to a reduction in CO2 emissions. Indeed,
better site location and adapted farm design facilitate the increase in solar energy generation
and CO2 emissions that would have come from other polluting energy sources are therefore
avoided. As such, reduction of CO2 emissions is an indirect benefit of Copernicus.

571EA, 2013, Photovoltaic and Solar Forecasting: State of the Art (Online). Available at:
http://www.meteonorm.com/images/uploads/downloads/Photovoltaic_and_Solar_Forecasting_State_of_the_Art REPORT_PVPS__T14 01 201 3.pdf
(Accessed: September 26th 2017)

58 Expert consultation

59 RTE France website. (Online) Available at: http://www.rte -france.com/en/eco2mix/eco2mix -mix-energetique-en (Accessed: July 20th 2017)

60 US Energy Information Administration website. (Online) Avail able at: https://www.eia.gov/todayinenergy/detail.php?id=26372 (Accessed: July 20th
2017)

61Energy UK website. (Online) Available at: http://www.energy -uk.org.uk/energy -industry/electricity -generation.html (Accessed: July 20th 2017)
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Methodological approach to value reduced CO2 emissions

Our model is based on the evolution of GHG emissions from electricity generation in the
Europe Union compared to the growth of the share of solar electricity in the energy mix. The
steps are:
1. Determine the yearly GHG emissions reduction related to the increase in renewable
electricity in the European Union
2. Calculate the share of renewable edctricity represented by solar PV
3. Multiply this share by the volume of CO2 emissions reduction in order to obtain the
CO2 emissions avoided thanks to solar PV
4. Apply the contribution of Copernicus to this reduction

Reduced CO2 emissions due to a decrease in reliance on fossil fuel energy sources

Valuation approach

Contribution  of
Copernicus to

Impact (EUR) — Reduction in CO2 CO2 valuation I P
reduction

CINIES coefficient

The analysis is dedicated to the rediction of CO2 emissions enabled by the increase in solar
energy generation. Through information on the evolution of GHG emissions in the European
Union, the yearly reduction of CO2 emissions has been derived. Assuming that the European
electricity productio n will remain constant in the next few years, and considering that the
solar power electricity generation will increase, the share of the European electricity
production coming from solar PV will increase (2.9% in 2017). Moreover, knowing the share
of renewable electricity in Europe thanks to the different European targets fixed notably for
2020 and 203062 (30% in 2017 based on the assumption of a linear growth between the
value of 2014 and the target of 2020), it is possible to derive the share of solar PVfrom
renewable electricity in Europe (9.65% in 2017). Taking into account the fact that CO2
emissions reduction is due to the increase in renewable energy electricity, the reduction of
CO2 emissions for electricity due to solar PV can be calculated (3.2 MtCO2 in 2017). This
value is then associated with a valuation coefficient of CO2 emissiong3, which represents the
environmental cost of emitting a kilogram of CO2. To this final result can then be applied the
Copernicus contribution.

The attribution of C opernicus to CO2 emissions reduction is directly linked to the factor
mentioned above on the reduction of energy costs. The increase in renewable energy sources
generation, and as such of solar energy generation, has for indirect consequence to decrease
the reliance on fossil fuel energy sources, thus on CO2 emitting energy sources. Part of this
decrease in CO2 emissions is thus enabled by Copernicus. Based on the results previously
mentioned, Copernicus contribution is assumed to range between 0.5% and 1%in 2017,
rising to between 2% and 5% in 2020, up to between 5% and 10% by 2036".

As a result, benefits linked to Copernicus are expected to amount to between EUR 2.2 M and
EUR 5 M in 2017, rising to between EUR 4.7 M and EUR 9.4 M in 2035 for a total
cumulative value ranging from EUR 81.9 M to EUR 175.7 M (not discounted values).

62 European Commission, The European union Leading in Renewables (Online) Available at:
http://ec.europa.eu/energy/sites/ener/files/documents/cop21 -brochure-web.pdf (Accessed: September 20th 2017)
63 PwWC analysis

64 PwC analysis

61



The global trend over the period is illustrated in the chart below. The curve is composed of
three parts, from 2017 to 2020, from 2020 to 2030 and from 2030 to 2035. The difference
between these three parts is marked by a bump in 2020 and in 2030. This is not the result of
the Copernicus contribution but of the trend in CO 2 emissions reduction. Targets set by the
EU in terms of CO2 emissions reduction up to 2020 are much higher than for 2030,
themselves higher than the targets for 2035. The constantly growing Copernicus
contribution enables to smooth the curve but not to an extent that could make the bumps
disappear.
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Figure 22-Evol uti on of the Copernicus benefits for the i mpact

(Source: PwC analysis)

Differentiation factor of EO and Copernicus D&l

The differentiation factor of EO and Copernicus is here similar to the benefit for reduced cost
of energy thanks to better infrastructure management. As previously mentioned, without

Copernicus, other types of satellite data could still be used but would prove less accurate,
would have a less good quality or would be feebased. All these three elements would
necessarily impact the cost to produce electricity.

423124 Summary of Copernicus contribution to fASolar en
As a result, the total not discounted benefits linked to Copernicus are expected to amount to:

Copernicus benefitsi EUR M 2017 2025 2035 (Z%Lir;lullatzl\(l)% S
Low estimate 2.3 4.8 5.1 87.9
Medium estimate 35 6.8 7.2 125.7
High estimate 5.3 10 10.3 188.4
Table 8 - Copernicus total benefits for the three sgir:ll;is?; (EUR 2017, not discounted values) (Source: PwC

The global trend over the period is illustrated in the chart below. It matches the curve of the
CO2 emissions reduction berefit as the contribution of the first quantified benefit is much
smaller and has therefore less impact on the total benefits.
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Figure 23 - Overall Copernicus D&I benefits from 2017 to 2035 (Source: PwC analysis)

The Copernicus Climate Change Service (C3S) provides comprehensive climate information
on key climate variables, such as surface air temperature, seaice changesas well as on a
variety of other hydroi climatic variables. C3S also conducts global and reginal analysis to
provide detailed information on historical changes in the climate. Such approach is
particularly important in regions direct observations are sparse. C3S products are used for
modelling and projecting conditions in the European and global climate from now until the
end of the century. C3S climate modelling rely on the climate simulations developed the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC). The
information is made available for free which national an d local decision makers as well as
users in different sectors, such as water management, agriculture, energy and infrastructure,
can useit to support the European adaptation and mitigation response to climate change.

The availability and ease of accessa quality controlled climate data through C3S is key to
improving the accuracy of climate projections and forecasts. The benefits from improved
climate modelling are difficult to assess as it depends on the response taken to projections.
In this study, the approach has been taken (based on stakeholder consultations) that more
reliable climate projections will improve the effectiveness and efficiency of the adaptation
response to climate change, particularly by informing the planning of climate resilient
infrastructure. This can be depicted in the following impact pathway, which maps out the
impact of the climate modelling application (impact driver) through to the particular
economic benefits (impacts):
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Figure 24 - Impact pathway for climate modelling (Source: PwC analysis)

There are likely to be other benefits from climate modelling, including an improved response
to new diseases or diseases spreading to new areas as a result of climatic conditions, and
reduced agricultural loss from drought if drought resilient crops can be cultivated. However,
due to lack of data in these areas, pathways and valuation endpoints have not been defined in
this study. Consequently, the benefit of Copernicus has only been valued as the reduced
economic loss from climate related extreme events through improved infrastructure
planning.

4.2.3.1.3.1 Reduced economic loss from climate related extreme weather events

As a result of C3S climate modelling, greater accuracy in climate projections and forecasts is
assumed, which policymakers can use to enhance climate change adaptation efforts. In
particular, infrastructure can be located more effectively and efficiently in order to be
resilient to future climate change. To construct the impact pathway, we begin by considering
the proportion of infrastructure, such as roads, railways, power supplies and ICT, that is
renewed and replaced annually. This annual rate of infrastructure renewal has been
calculated as 4.8% globally®> and 2.3% for the EUSE,

We then consider economic losses drawing on data for the EU from MunichRe and the
EEAS7, and globally from Aon Benfield (2017)% and SwissRe (2017j%°, to find the economic
losses from climate related extreme weather events and the trend over the past two decades.
This is the basis for aprojection of expected economic losses to 2035. It is assumed that 2.3%
in the EU and 4.8% globally of this annual economic loss represents infrastructure that
would be renewed or replaced in that year. It is assumed that 510% of this new
infrastructure 7 being built is located optimally to be resilient to climate related extreme
weather events, as a result of climate modelling. Assuming 10% of this benefit can be
attributed to C3S data, the benefit of Copernicus in terms of avoided economic lossin the EU
ranges between EUR22.7 M and EUR 34.0 M per year in 2035, in 2017 undiscounted prices.

65 Arcadis, 2016. https://www.arcadis.com/media/3/7/ E/%7B37E96DF6-82D5-45A6-87D8-
5427637E736D%7DAG1015_GI11%202016_ONLINE%20FINAL_SINGLE%20PAGES.pdf

66 McKinsey 2016 Bridging Global Infrastructure Gaps.

67 EEA, 2017. https://lwww.eea.europa.eu/data -and-maps/indicators/direct -lossesfrom -weather-disasters-3/assessment
68 Aon Benfield, 2017. Annual Global Climate and Catastrophe Report 2016.

69 SwissRe Sigma data explorefi total losses from natural catastrophes 1996-2016.

70 Assumption i to be validated
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Methodological approach to avoided economic
losses from climate modelling

Our approach is based on avoided damages from extreme weather events to infrastructure
that can be relocated in a climate resilient location due to better climate projections and
forecasts.
1. Determine the economic losses to infrastructure from climate change related floods,
storms and droughts
2. Find the proportion of this economic loss that is infrastructure that is renewed or
replaced each year
3. Multiply by the percentage of infrastructure that can be located to be resilient to
climate change as a result of climate modelling
4. Apply the contribution of Copernicus to climate modelling and projecti ons

Avoided economic losses from climate related extreme weather events

Valuation approach

Avoided
economic losses
to infrastructure
from climate
change

— Infrastructure

that can be Contribution of

Impact (EUR)

Copernicus to

optimally located climate modelling

each year

Assuming 5-10% of this benefit globally can be attributed to C3S data, due to a larger
availability of other climate information and data, due to the larger number of other climate
models available, the benefit of Copernicus in terms of avoided economic losses rangessi
between EUR 290.5 M and EUR 580.9M per year in 2035, in 2017 undiscounted prices. The
faster increase in benefits between 2025 and 2035 is due to climate related losses being
predicted to rise significantly during this time period as the global temperatu re rise increases
and is not related to the maturity of the market. This increase in climate related losses is
modelled based on the historic trends over the past two decades.

The total not discounted benefits linked to Copernicus in th e EU are expected b amount to:

Copernicus EU benefits i Cumulative
EUR M 2017 2025 2035 (2017 i 2035)
1.8 5.6

Low estimate 22.7 161.7
Medium estimate 2.2 6.7 27.2 194.0
High estimate 2.8 8.4 34.0 242.5
Table 9 - Copernicus total EU benefits for the three scenarios (EUR 2017, not discounted values) (Source: PwC
analysis)
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Figure 25 - Total benefits in the EU enabled by Copernicus data and information related to climate modelling
(2017 EUR in undiscounted values) (Source: PwC analysis)

The total not discounted benefits linked to Copernicus globally are expected to amount to:

Eapl)qemicus Global benefits 2017 2025 2035 (ch)lin;u|lat2“(l)e35)
Low estimate 23.5 71.8 290.5 2,070
Medium estimate 35.2 107.7 435.7 3,070
High estimate 46.9 143.6 581.0 4,141
Table 10 - Copernicus total benefits for the three s;:relggrsiioss) (EUR 2017, not discounted values) (Source: PwC
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Figure 26 - Total global benefits enabled by Copernicus data and information related to climate modelling
(2017 EUR in undiscounted values) (Source: PwC analysis)

Differentiation factor of EO and Copernicus D&l

Satellite data can play a key role in tracking climate change globally, particularly in the Arctic
region, in order to provide better climate projections. Whilst Copernicus data is only one of
multiple sources of data that feeds into these climate projections, it standardises the
information and provides data that was previously unav ailable or subject to user charges. If
the C3S service is shut down in 2030, it is possible to use other data sources to provide
climate projections, however these would not be in the same standardised format and not
freely available.

Some additional important impacts seems to be enabled by Copernicus D&l but cannot be
monetized. The study had to look at them only qualitatively.

4.2.3.1.4.1 Improved sectoral adaptation to climate change

C3S is also currently developing proof of concept for additional climate adaptation projects
with organisations in different sectors (Sectoral Information Systems or SIS) across Europe,
such as agriculture, urban areas, water management and energy. These projects are currently
being implemented in specific regions and sectors in Europe in a two-year proof of concept
phase to develop the service to suit the needs of users, with the aim of these being scaled to
the wider European region.

Service providers within SIS have been consilted”? to understand the potential benefit of
these services if scaled to Europe. It has not been possible at this stage to quantify the
benefits of these projects. This is because these proof of concept projects are in the process of

71Projects consulted include, ECEM, SWICCA, offshore oil &gas; ECEM: Albert Troccoli; Snow: Maria Polo; Floods: Ladislav Gaal; Irrigation: Stefano Bagli;
oil & gas: Robert Vautard.
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gathering evidence ard data there is currently no data on the economic and environmental
benefits that can be scaled and assessedis this data is not yet finalised or available, it is not
possible to quantify the benefits at this stage. However, it is expected that these canhave
significant benefits for improving the European mitigation and adaptation response to
climate change once these services becoming fully operational after 2020.

4.2.3.2 Land

The Land is one of the 6 thematic areas in the EARSC Taxonomy. It includes the following
thematic segments related to EO services: agriculture, forest, inland water, snow & ice, land
ecosystems, land use, topography and geology. Copernicus applications irthis section are
mainly derived from the Copernicus Land monitoring services (Climate Change core Service
data may also be used).

The Copernicus Land Monitoring Service provides geographical information on land cover,
land use, land coveruse changes overthe years, and several biophysical variables related to
vegetation state or water cycle, for instance.

The mapping of Land use/Land cover changesis among the primary goals of Copernicus

Land servicessmai nl'y to support t he e n provided myrtkenPard s pr ot
European and Local Component of Copernicus Land Services. Thanks to products like

Corinne Land Cover (CLC), High Resolution Layers or the Urban Atlas, authorities are able

to monitor the evolution of the Land use and identify abnormal situations (EU Directive

compliance monitoring) or endangered areas (degradation of natural habitats due to human
activities, cities expansioneé¢).

The Global Component produces biophysical parameters that give a picture of the state of
vegetation (e.g. led area index, vegetation condition index), the energy budget (e.g. land
surface temperature) and the water cycle (e.g. soil water index, water bodies) every ten days
and on a worldwide scale. The biophysical parameters production is complemented with
detailed and high resolution land cover/land use information on specific hot spot areas
around the world.

Copernicus Land Services products have been designed and tailored to best meet the end
usersd requirements. Mor eover @octs and datacane ree,c ov er a ¢
open and, more importantly, harmonised among the whole Europe. All these advantages,

makes Copernicus Land Service a crucial monitoring tool for national authorities (European

or not) and a strong business enabler for private secta.

Through extensive desk research and stakehol de
Copernicus applications in the Land Service thematic area (EARSC taxonomy). The main

impact drivers (e.g. Copernicus application leading to a societal, environmental or economic

impacts) identified and supported by concrete examples were the following:

9 Crops monitoring T support to agriculture : mostly related to Copernicus
contribution to food security (early warning), and to precision farming and its impact
on agriculture profitability and sustainability;

i Forest management and protection : Copernicus contributes to monitor
implementation and compliance to EU Forest directives

1 Water resources management : mainly related to Copernicus contribution to better
irrigation and water reservoir management;

1 Wetlands monitoring : mostly related to Copernicus contribution to Natura 2000 ;
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9 Ground elevation and ground motion monitoring : Through SAR sensors,Copernicus
data enables the detection of surface deformation and ground instability, essential
information for infrastructure building and subsidence and slope stability associated
with mining and quarrying activities;

9 Support to CAP (Common Agriculture Policy) implementation: Copernicus can
contribute to controls and on -the-spot check of certain parameters influencing the
level of subsidies (greening measures);

T Support to land mapping and cadastral surveying: Copernicus helps the
implementation of a homogenous geospatial information dataset at European level

For some impacts of the Land thematic areas, the land use valuation coefficient was used. It
represents the calculation of the value of ecosystem services from a hectare ofand (whether
it is forest, wetlands, etc.) per year. It was based on and built on the approach and dataset of
The Economics of Ecosystem and Biodiversity (TEEB, 2010, Van der Ploeg, 2010). At the
time of publishing in 2010, the TEEB dataset was the most comprehensive dataset of
ecosystem service valuations. Over the last few years,t had been updated with new
literature, such that it now contains over 1,500 estimates of individual ecosystem service
values. We then filtered and adjusted the extended TEEB dataset to reflect the relevant
European countries and ecosystem types, extracting and applying values based on the
methodology described in detail in PwC (2015) 'Valuing corporate environmental impacts:
Land use and biodiversity', available at www.pwc.co.uk/naturalcapital .

The agriculture sector today faces unprecedented challenges and its capability to overcome
them will be crucial for our future. Indeed, in Europe farmers are confronted with a double
issue: keep producing to ensure food security whilst reducing their impact on the
environment and the climate and protecting biodiversity. At a global level, the Food and
Agricultural Organization projects that food production will have to increase by 70% by 2050
to feed more than 9 billion people?2 globally (mainly in developing countries). To increase
global food production while ensuring a preserved environment, agriculture will need to
increase its productivity by using new technologies such as remote data sensors.

Historically, agriculture has been one of the key sectors to which Earth Observation
applications bring added-value. Indeed, precision farming techniques using EO data started
to emerge in the 1990s. Satellite datahave a wide range of applications for agriculture users:
mapping the underlying soil and crops, yield estimation mapping, input variable rate
management, irrigation management (see water resources impact driver) or long term land
use change.

Copernicus seaves two purposes for agriculture:

1 Helping monitor agricultural land use and their compliance to EU -Agriculture
directives leading to the advent of a more sustainable farming sector (mainly related
to CAP, see ASupport to CAB i mplementationo i

1 Helping assess crop conditions and yield forecast, for precision farming and food
security applications. We will focus on this aspect in this section (see below).

Through its dedicated Land monitoring service, Copernicus provides data on various
biochemical variables related to the status of vegetation: NDVI (Normalised Difference
Vegetation Index), DMP (Dry Matter Productivity), soil moisture as well as rain fall estimate,

72FAO report, AHow to f2608d the world in 20500

69


http://www.pwc.co.uk/naturalcapital

etc., and on the Land use/cover : maps of agricultural area, LPIS, etc.. These prducts and
raw data feed the development of applications for precision farming (Farmstar or Geosys for

example® t hat support farmersé productivity and

early warning applications for food security matter (SIG Sahel for example).

Copernicus monitoring capacity can support the transition to a more productive and
sustainable agriculture model by enhancing adoption of precision farming techniques. The
following impact pathway maps out the impacts of crop monitoring (impact driver) through
the particular environmental, societal or economic benefits (impacts):

[opact Driver Output Outcomes Impacts

Figure 27 - Impact pathway for Crop monitoring (Source PwC: analysis)

Precision farming relies mainly on a better assessment of cropneeds and a better planning of
the environmental conditions. It means giving the crops exactly what they need (quantity) at
the right moment (timing). Therefore farmers use less fertilizer (nitrogen) while improving
the nutritional quality (e.g. the price) of the crops and potentially, their yields.

Detecting change in crop health in a timely manner is crucial to support early warning and
strategic decision on food security. This helps to keep costs down and increase the
effectiveness to stave off hunger.
As a result of all these outputs, several benefits can be pointed out:

1 Improve agriculture profitability and cost efficiency

1 Ensure food security

1 Reduce the negative impacts on the environment

4.2.3.2.1.1 Improved agriculture profitability and cost efficiency

The main benefit of Copernicus for farmers is linked to the savings enabled by precision
farming.

73 Farmstar website. (Online) : http://www.farmstar -conseil.fr/fr/la -technologie/
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Thanks to EO data and information such as NDVI, soil moisture or biomass, it is possible to
measure accurately intra-field variability in crops and site specificities. Indeed crops needs

for inputs vary across the time and inside a same field. Based on these accurate measures

and on agronomist expertise, applications have been developed to supply intrafield level
recommendation maps to farmers, in order to optimize input placement. Therefore farmers
can adapt the rate of inputs (Nitrogen fertilizer) to the exact site -specific crops needs. This
technique is called Variable Rate Technologies and it requires access to recommendation
maps and a variable rate control system with application equipment, in order to put the right
input, in the right place, in the right amount by analysing past and in -season field behaviour.

Copernicus data are used to develop these recommendation maps (Farmstai* for example),
among other sources of EO data (Spot, Modis, Pléiades, etc.). Varying the application of
inputs and especially Nitrogen fertilizer (main inputs) can reduce the costs, improve the
nutritional quality of the crops (Nitrogen impacts the rate of proteins in crops), an d
maximize productivity. It also reduces the impact over -application of nitrogen may have on

yields (stem |l odging) and on the environment

below)

Therefore we can say that Copernicus applications for crops monitoring lead to more
profitability and cost efficiency in the agriculture sector. Details of the model developed to
guantitatively assess this benefit can be found in the box below:

Methodological approach to value the profitability
increase in Agriculture

Our model is based on the amount of savings per hectare a farmer can achieve using Earth
Observation data for precision farming application (variable rate technologies for fertilizer
spreading, in this case). The steps are:

1. Assess the surface of crops mortored/exploited with precision farming techniques
like VRT (Cereals and Canola represent the vast majority of crops monitored with PF
techniques)

2. Assess the gain per hectare enabled by this technology

3. Assess Copernicus contribution to precision farming, i. e. to what extent intermediate
users develop PF applications based on Copernicus data. And multiply the three.

Improved agriculture profitability and cost efficiency

Valuation approach

Contribution of Crops monitored
Impact (EUR) Copernicus to X with precision
— precision farming agriculture

The amount of savings per hectare a farmer can achieve using Earth Observation data for
precision farming application (VRT), is approximately EUR 25 per ha (between EUR 11 per
ha and EUR 37 per ha according to desk researctr 76). It represents 1.6% of the average cost
for growing 1 ha of cereals”. These savings amount will tend to increase as the capacity and

Savings enabled by
Precision Farming
on Cereals & Canola

74Ai rbus website. fflai rbus boosts its capacity in the agricultural sector
75 SpaceTec Partners, 2012. Assessing the economic value of Copernicus. The potential of Earth Observation and Copernicus Dowmsam Services for the
Agriculture Sector.

76 EU Parliament study : "Precision agriculture: an opportunity for EU farmers - potential support with the CAP" - 2014

77Interview inputs i EEA : it has been assessed as being 1% to 7%
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the quality of the data will improve, leading to a more reliable service for farmers 78 79,
Assuming the crops surface monitored with satellite based-tool used for VRT (approximately
25%#0 81 of Cereals and Rapeseeds crops), we obtain the total savings enabled by PF. The
share of saungs attributable to Copernicus is obtained by applying the percentage of
Copernicus contribution to precision farming.

Major evolutions occurring between 2016 and 2035 are (for medium scenario): the share of
crops monitored with satellite data (adoption rate from 25% in 2016 to 63% in 203582 ),
savings achieved thanks to satellitebased tool used for VRT (from EUR 25 to EUR 80 in
2030) and the Copernicus contribution to precision farming which goes from 2.49% in 2015
to 17% in 202083, As the agriculture sedor is a key target for Copernicus, we can assume that
its contribution will evolve. We estimate it will reach no more than 20% by the end of the
period as many commercial satellites are available on this market and VHR is also needed.

As a result, not discounted benefits linked to Copernicus are expected to amount between
EUR 14.9M and EUR 65 M in 2017, rising to between EUR 366.7M and EUR 981 M in 2035
for a total cumulative value ranging from EUR 3.5 B to EUR 10B.

Figure 28-Evol uti on of the Copernicus benefit
monitoringo from 2017 to 2035 (Source: PwC

Differentiation factor of EO and Copernicus D&l

Copernicus data (Sentinel 2 and 3 particularly, and contributing mission like SPOT and
DMC) improves the level of availability and enhances the quality of the precision farming
applications developed by the downstream sector. Agriculture is a demanding field which
requires monitoring at a pace dictated by the crop cycle. A reliable access to imagery is

78 Farmstar website

79 Books on Google: Agriculture connectée. Arnaque ou remede ?

80PwWC, AStudy on the potentii@l17i mpact of space assets |l osso
81 EU Parliament study : "Precision agriculture: an opportunity for EU farmers - potential support with the CAP" - 2014

82 Assuming +2% per year : PwC Assumpion for market uptake.

83 PwC, Copernicus report on Downstream sector- 2016
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