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1 Introduction

1.1 Documents scope and Objectives

This document describes the SeBS methodology which supports analyses to demonstrate the
value of using Earth Observation data. It provides all the information necessary for practitioners
to perform a “SeBS” case, benefits, assessment analysis. It will be updated with any future
developments of the case methodology.

1.2 Context

SeBS - Sentinel Benefits Study —is a project carried out by EARSC and partners for the European
Space Agency. This study, from March 2017 to July 2024, is developing cases showing how EO-
derived products based on data generated by one or more Sentinel satellites deliver value to
society and citizens. The Sentinel satellites form a crucial part of EU’s Copernicus Programme,

providing space-based observations on a full, free and open basis. Data coming from the
Sentinels — together with other data collected by contributing missions and ground, sea or
airborne instruments — is used to support key economic or societal areas such as agriculture,
insurance, disaster management, climate change monitoring, etc. Sentinel data are thus a key

component of the Copernicus Programme contributing to the Copernicus Services and serving
as a crucial data source used by companies and public organisations to deliver products and
services.

Why is this so important? Why are we concerned to measure the benefits derived from the use
of Sentinel data or satellite Earth Observation data in general?

Earth observation data from satellites are used in many ways linked to our daily lives but in ways
which are mostly invisible. Partly, this is because most of the uses are for business or
governments so are not very well understood by, or even visible to, the average citizen. Whilst
highly attractive imagery appeals to the media and may impress citizens, they do not convey the
value of the information which is being generated. But it is also partly due to the wide range of
applications and that none of these dominates to an extent that it becomes visible outside of
specialist circles. Consequently, most people are unaware of the value satellite Earth
Observation is bringing to them in their daily lives.

Governments are large users of data from EO satellites but even so, investments in new satellite
systems are rarely driven by user needs or budgets. Factors behind new programmes may be
scientific, industrial or are considered for strategic purposes. The ever-increasing number of
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commercial investments points to a belief that a strong market will emerge but the return on
these investments still seems some way off’.

But the value is there, even if it is not very visible. Often the value is manifest in non-economic
terms for example by reducing the risk to individuals from emergencies such as floods or fires,
or by improving management of the environment. As a final complication, the value is dispersed
over many applications and market sectors which makes it hard to quantify and even harder to
monetize through revenues to commercial operators or in societal benefits for governments.

In this situation, understanding the value becomes a key tool to explain to investors, whether
governments or private financiers, that their money is being well spent. For governments, the
returns may be in meeting social goals, but in private businesses, hard revenues are what is
looked for. As a result, EARSC is working with the European Space Agency (ESA) to understand
this value in its broadest sense and to expose it to stakeholders.

A methodology has been developed within the study (Sentinel Benefits Study), carried out by
EARSC and our partners?, to showcase the benefits of the use of Sentinel data. The methodology
may be applied to similar analyses for any type of EO data and derived services.

The core of the analysis is to understand how a specific EO-derived service is being used by an
organisation which in turn, is benefiting others and ultimately society and citizens at large. The
approach is bottom-up based on the evaluation of a value chain. In this, it differs from many
cost-benefit studies which work top-down at a macro-economic scale.

At the outset, 3 cases were analysed®*® as a first test of the methodology. In these, the strong
focus was to assess the economic benefits and value. The study has then adapted its
methodology to improve the benefits assessment. As it ends, 22 full cases have been analysed
and a further 15 short cases. The latter was introduced during the study as a way to tell the story
but without a deep analysis of the economic benefits.

One of the key changes has been to recognize that, whilst most interest is seen to know the
numbers, many of the benefits are difficult to quantify or to monetise. Giving an increased focus
on non-monetary benefits, 5 additional dimensions have been identified leading to 6 in all. In
the analysis, these 6d dimensions provide a structured way to analyse the case. Each dimension
is addressed for each of the 4 tiers.

As the study has progressed, the building portfolio of cases has led to further insights through
comparing similar cases in different countries. This leads us to develop an understanding of the

L EARSC Industry Survey; 2020 version at https://earsc.org/industry-facts-figures/

2 partners to the Study are The Greenland, IIASA, Evenflow.

3 Winter Navigation in the Baltic; Sawyer & De Vries, September 2015.

4 Forestry in Sweden; Sawyer & De Vries, January 2016.

> pipeline Infrastructure Management in the Netherlands; Sawyer & De Vries, May 2016.
6 Copernicus Sentinels’ Economic Value Study: Final Report; July 2016
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factors which are important for primary users and what are the factors which lead to the
adoption of the service by the primary user.

This document describes the outcome of this work in the form of a guide for others.

1.3 Road-map to the Document

The report provides all the information necessary for someone to perform a “SeBS” case analysis
including examples from the SeBS study. Details are provided which can help others adapt the
methodology to their specific situation or to develop the approach further.

Chapter 2 describes the SeBS methodology.

In chapter 2.2, the methodology is described. This starts with an overview before describing the
process to identify and select cases and the criteria which should be met to maximise the
possibility for a successful study.

In chapter 2.3, the core of the value chain methodology is described leading up to an
understanding of the value chain, the beneficiaries and an understanding of the business sector
and geographical context in which the case sits.

In chapter 2.4, the analytical approach which is taken to assess the benefits in 6 dimensions of
value is described including the use of indicators and the guidelines which are used to assess the
degree to which a case reflects the dimensions.

In chapter 2.5, various aspects which extend the analysis are discussed, notably the
extrapolation of individual cases into a wider perspective.

In chapter 2.6, the transversal analysis across cases is described.

In chapter 3, a brief description is given of the storytelling aspect which is the basis of
communicating results.

In chapter 4, we include some final reflections on the application of the work.

1.4 Glossary and Definitions

Full Case: This is a case analysis which takes a detailed look at the benefits and especially the
economic benefits. It leads to a report which is 70-80pages long.

Short Case: This is a case analysis which tells the story and highlights the more evident benefits
but does not go into detailed analysis of the benefits, and especially the economic benefits. It
leads to a report which is 6 pages long.

Value chain: The value chain was first introduced by Michael Porter to help evaluate processes
within a company. It has evolved to become a strategic analysis tool going beyond an individual
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firm to reflect the production of a good or service from raw material to finished article. In SeBS
cases it is used as the succession of activities which arise through the use of an EO product or
service. It starts with the EO data product or service supplied to the defined primary user
organisation which defines the case. This is followed by organisations which are customers or
beneficiaries of the service offered by the primary user through to society and individual citizens
which ultimately benefit.

Benefits: The goal of the analysis is to identify and characterise the benefits which arise from
the use of the EO data. We can also talk about value which is almost interchangeable with
benefit.

SeBS: Sentinel Benefits Study is a 4-year project, from March 207 to July 2021) developng cases
showing how EO-derived products or services based on data generated by one or more Sentinel
satellites deliver value to society and citizens.

Benefits Dimension: In the context of this methodology, a dimension is the term used for one
of the classes of benefits. Six dimensions or classes of benefit have been defined (see chapter
2.3.3).

Primary user: the primary user is the organisation to which the supplier is providing the EO
service. The primary user may be a public or a commercial organisation and to have been
selected, will have developed experience of using the EO service to support their core business
practices.

Secondary user or secondary beneficiaries; the secondary user is a direct customer or
beneficiary of the service being performed by the primary user. There may be many secondary
users in a case which are generally considered together in tier 3 of the value chain.

Tier: is the name given to a part of the value chain. It will usually be characterised by different
types of data passing between organisations and/or different business activities. See chapter
2.3.2.

Supplier: the supplier is the organisation which is providing the EO product or service considered
at the heart of the case.

Value-added product: in our context is a product or service built upon EO satellite data. In other
words, the EO data has been processed in order to provide some form of geospatial information
which is used by the primary user.

InSAR: Interferometric Synthetic Aperture Radar, a technique used to measure very precisely,
small vertical movements of the ground surface and hence where ground motion is occurring.
It is a powerful tool at the heart of a number of SeBS cases (F3, F9, F10, F15, F21, F22, S12).
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1.5 SeBS Reference Use Cases

Under the SeBS project, a growing collection of full (F) and short (S) cases have tested the SeBS

methodology and led to its evolution. Reference is made to these cases throughout this

document to give examples of certain aspects of the methodology. All the cases listed below can

be accessed and downloaded from www.earsc.org/sebs.

Full Cases

F1.

F2.

F3.

F4

F5

F6

F7

F8

Winter Navigation in the Baltic, Sawyer and de Vries, September 2015

Sentinel 1 data is used by icebreakers to help ships navigate through the sea-ice and bring
goods to ports in the Northern Baltic more efficiently.

Forest Management in Sweden. Sawyer & de Vries. January 2016

Sentinel-2 data is used to help the forest agency detect where non-approved clearings
have been made and to remind the 300,000 owners to meet their legal obligations.

Pipeline Infrastructure Monitoring in the Netherlands, Sawyer & de Vries, May 2016

In the Netherlands, ground subsidence can cause gas and water pipelines to break where
they enter houses. Sentinel-1 data is used to measure where the ground is moving and to
identify the pipe connections at risk leading to their replacement.

Farm Management Support in Denmark, Sawyer & de Vries, March 2018

Maps of the cereal crop fields across Denmark are generated through the growing season
using Sentinel-2 data showing farmers where they have problems allowing them to be
dealt with more quickly and efficiently so saving time, costs and reducing fertliser use.

Flood Management in Ireland, Mamais & de Vries, December 2018.

Imagery from Sentinel-2 was processed by the Copernicus Emergency Management
Service to show where land in Ireland was flooded. This was used by the emergency
services to plan their relief operations more effectively so reducing risk to life and damage
to property.

Navigation through Sea-ice off Greenland, Sawyer & Oligschlager, February 2019

Ships navigating off the shores of Greenland, are provided regularly with maps showing
the extent and evolution of the sea-ice. This allows safer operations and enables delivery
of goods to remote villages along the coast of the island.

Growing Potatoes in Belgium, Sawyer & Oligschlager, July 2019.

Farmers and frozen-food processors are provided with maps showing the evolution of the
potato crop through the growing season. This allows the farmers to manage their crops
more effectively and the food processors to plan their operations more efficiently.

Farm Management Support in Poland, Mamais, Milosavljevic, & Khaborov, July 2019
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Maps of the cereal crop fields across Poland are generated through the growing season
using Sentinel-2 data showing farmers and agri-chemical companies the status of crops
so saving time, costs and reducing fertliser use.

Ground Motion Monitoring in Norway, Sawyer & Boyle, July 2020

A nationwide map, showing very small movements of the ground, is being produced
across Norway enabling the roads management agency to avoid building in areas of risk
as well as monitoring current road projects for early signs of ground movement.

Aquifer Monitoring in Spain, Mamais & Oligschlager, October 2020

The water management authority in Murcia is using maps showing subsidence at the
ground surface caused by water abstraction from deep-underground aquifers so reducing
the risk of damage to property in the region.

Grassland Monitoring in Estonia, Mamais, Boyle, Khabarov, May 2021

Sentinel data is being used by the Estonian paying agency responsible for CAP subsidy
payment distribution to better monitor grassland mowing activities replacing on-the-spot
compliance checks with automated, remote mowing detection.

Water Quality Management in Germany, Sawyer, Oligschlager, Khabarov, May 2021

In Germany, the Environmental Institute of Baden Wurtenberg is using Sentinel data to
monitor the water quality in its lakes and to provide warnings if harmful algae reach levels
which endanger humans and animals.

Making Wine in France, Sawyer, Oligschlager, January 2021

In France, satellite data, is helping grape-growers to decide when to harvest and how to
blend their grapes to produce higher quality and higher value wine as well as lowering
costs and reducing their use of fertiliser.

Deforestation Monitoring for Sustainable Palm Qil Production, Mamais & Boyle, February
2022

Sentinel data is being used to monitor deforestation activities associated with palm oil
production by ensuring that palm oil is coming from reputable and sustainable sources.

Highways Management in Italy, Sawyer, May 2022

Sentinel SAR data is being used to monitor ground movement in Italy helping engineers
to design new roads with a lower risk of highly costly remedial works caused by building
on unstable ground.

Water Quality Management in Finland, DeWulf & Mamais, October 2022

Satellite data is used in Finland to monitor water bodies across the whole country helping
authorities to improve water quality at a lower cost, improving the quality of life for
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citizens, aids in the protection of biodiversity and helps to ensure environmental
sustainability.
Clean Seas in the Mediterranean, Sawyer, October 2022

EO data is used by the European Maritime Safety Agency to monitor the Mediterranean
Sea for unwanted oil pollution so saving costs to individual countries, increasing risk of
detection of illegal activity and reducing pressures on marine life and biodiversity.

Air Quality Forecasting in Latvia, Sawyer & Khabarov, February 2023

Sentinel data is used to predict the levels of air pollution within the city of Riga and
provide alerts to vulnerable citizens to warn of the elevated risk to which they are
exposed.

Invasive Species Detection in Croatia, Boyle, January 2024

Sentinel data is helping wardens at the Lonjsko Polje nature park in Croatia to understand
where and how invasive plant species are overrunning areas within the par enabling
intervention to protect local ecosystems and maintain the ecological balance.

Water Quality Management in the Netherlands, DeWulf & Mamais, November 2023

Sentinel data is used by the Noorderzijlvest water board to monitor the quality of water
in lakes throughout their region to a degree that is not possible using traditional in-situ
water sampling and testing.

Water Management in Catalonia, Dewulf, July 2024.

INSAR is used by the Catalonian Water Agency to monitor ground levels around aquifers
as a means to manage water use in the region.

Roads Management in Portugal, Boyle, July 2024

EGIS, a private company, uses InSAR and Sentinel 2 data to monitor 70km of motorway
for which they are licensed operator. This allows them to manage risk by being
forewarned on the risk of landslides or adverse vegetation.

Short Cases

S1

S2.

Peatland Management in the UK, EARSC, March 2018

Copernicus Sentinel data is being used by water utilities in the UK to improve the
management of peatlands, leading to better water quality for local citizens, reduced costs
of purification for the water companies and strong environmental benefits.

Dredging in the Maldives, EARSC, February 2019
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Copernicus Sentinel 2 data is being used in the Maldives to improve the efficiency of
dredging for sand so saving ship time on site and reducing negative environmental
impacts derived from damage to endangered coral reefs.

Assessing Geese Damage in the Netherlands, EARSC, August 2019

Copernicus Sentinel data is being used by the Province of Fryslan in the Netherlands to
improve the management of geese damage compensation through the Fauna Fund,
leading to more efficient appraisals by saving time and cost.

Illegal Wild Boar Activity in Lithuania, EARSC, December 2019

Copernicus Sentinel data is being used by the courts in Lithuania to help resolve legal
disputes, leading to more efficient use of the judiciary’s time, fairer judgements and
swifter compensation payments for plaintiffs.

Global Qil Industry Activity Monitoring, EARSC, February 2020

Copernicus Sentinel data is being used by energy companies, commodity traders and oil
market speculators to better understand the markets they operate in, allowing them to
optimise trades and make better informed business decisions.

Golf Course Management in Italy, EARSC, April 2020

Copernicus Sentinel data is being used by Centrale Valutativa to monitor the health and
status of the grass of the golf course as well as to give recommendations on the most
efficient way to irrigate the grass helping to save water and energy.

Forest Monitoring in Portugal, EARSC, January 2021.

To understand more effectively and on a country-wide scale the state of the tree
plantations, forest managers of the member companies can access a platform to
check tree health remotely, prioritising their work according to urgency and
need.

Insurance & Risk Monitoring in Slovenia, EARSC, March 2021.

Sentinel data is being used by insurance companies to conduct better risk assessments.
In the wake of natural disasters, the data also allows for rapid mapping of impacted areas
and helps in determining future exposure to similar events.

Monitoring lllegal, Unreported and Unregulated Fishing in UK Overseas Territories.
EARSC, November 2022

Sentinel data is being used to monitor illegal, unreported, and unregulated fishing (IUU)
in UK Overseas Territories which is a huge threat to marine ecosystems. A common tactic
involves illicit vessels switching off their automatic identification system. However,
Sentinel data can still be used to detect vessels that are trying to evade the authorities,
thereby contributing to the protection of marine resources and ecosystems.
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Wildfire Monitoring in Greece, EARSC, March 2023

With the continued prevalence of hotter summers across all of Europe, wildfires are
becoming a bigger and bigger concern for many regions. The regional authority on the
island of Crete have adopted the use of a Sentinel-enabled platform which helps in
providing accurate assessments of affected areas, both in terms of area-extent and land-

type.
Renewable Mini-grid Deployment in Ethiopia, EARSC, June 2023

UN SDG 7 explicitly targets “universal access to affordable, reliable and modern energy
services” by 2030, but more than 730 million people still lack access to electricity in 2020.
In Ethiopia, the lack is a major obstacle to development and often leads to conflict and
instability. Renewable mini-grids provide a viable solution in the area, and Sentinel data
is able to help identify and prioritise which rural communities to be electrified.

Ground Motion Intelligence in Romania, EARSC, November 2023

Sentinel data is being used to study the source of persistent landslides and monitor
ground movements in Romania where dramatic landscapes can pose significant landslide
risks to infrastructure and lives. InSAR ground movement service is used to monitor
landslides to understand problems regarding ground instability near mining sites.

Irrigation Detection and Mapping in Austria, December 2023.

Copernicus Sentinel data are used to detect irrigation on agricultural fields in Austria by
the Umweltbundesamt — Environment Agency Austria to understand water usage in time
and space. This helps to prepare and inform current and future water management
policies and measures in the country.

Sourcing Deforestation-Free Cacao in Peru, July 2024

Copernicus Sentinel data is being used by chocolate producers to ensure that the cacao
they source from tropical regions is not contributing to deforestation so helping to show
compliance with the new EU Regulation on Deforestation-free products (EUDR).

Green Space Mapping in Poland.

1.6 Background Documents

Bernknopf, R., Brookshire, D., Kuwayama, Y., Macauley, M., Rodell, M., Thompson, A., Vail, P.,
Zaitchik, B. (2017). The Value of Remotely Sensed Information: The Case of a GRACE-Enhanced
Drought Severity Index. Weather, Climate, and Society. 10. 10.1175/WCAS-D-16-0044.1.

Champ, Boyle and Brown, 2012; Springer press, A Primer on Nonmarket Valuation.
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2 Methodology

2.1 Overview

At the core of the analysis, SeBS deploys a value chain approach to study the benefits brought
about by the use of Copernicus Sentinel data. This starts with the identification and selection
of cases wherein Copernicus Sentinel are operationally used and contribute to better decisions
or actions by different actors along the value chain. The benefits are assessed both quantitively
and qualitatively against a set of well-defined dimensions. The results are presented via a
storytelling approach, which includes short cases which are prepared using a simplified (and less
rigorous) methodology than the full reports.

There are three major steps required to conduct a successful and full analysis.

1. Identifying use cases requires a careful selection of each case to be analysed against a set
of key criteria including the commitment of the persons involved. If several cases are being
looked at, there may also be a filter on the types of case in order to meet a set of portfolio
requirements.

2. Developing the picture takes the value chain analysis or core analysis which sets out the
value chain and examines how the EO service fits into the business process of the primary
user. It then describes the story of how the service is driving benefits in every tier of the
value chain, reflecting the 6 dimensions of value.

3. Analysing the Benefits which analyses the quantitative and qualitative benefits for each
of the stakeholders, in each of the tiers and against each of the value dimensions.

The terms and processes set out here will be explained in the relevant chapter of the report.

The goal is to develop a deep understanding of how EO data is being used which differs even
between users in the same sector (see for example the difference between the use of field
statistics in Denmark (F4) and in Poland (F8)). This requires us to understand how the product is
being used in the business operations of the primary user. To do this, a bottom-up approach is
taken. Cases are sought where a single product coming from satellite imagery is being used in
an operational process. This is then examined in detail to assess how the original product helps
successive users along a value chain; starting from a primary user looking at other beneficiaries
which arise from the actions of the primary user and reaching to society at large and citizens
who are the ultimate beneficiaries.

It should be recognised that we are only looking at the benefits and ignore the cost side of the
equation relating to the investment in the space infrastructure although any relevant costs in
the use of the EO data are accounted for. This is because of the difficulty to attribute a
representative cost when the data is used for many different applications. Tying a fraction of
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this cost down to a single service was considered inappropriate and unnecessary. Instead, we
concentrate on estimating the benefits.

For a deeper analysis of the methodology applied for SeBS, see Papadakis 2020.

Identifying Use Identification of viable cases, selecting a balanced
Cases portfolio and ensuring engagement of stakeholders.

A 2

n Identify the full value-chain and all actors
Developing the |_ ’
PIng < understand the roles of the players and their core

Picture processes linked to the use of EO.
Analysing the | _ Identify and analyse the benefits for each tier of the
Benefits ) value-chain and against each of the dimensions.
Extending the | Identify the key parameters which may be useful for
Analysis N extrapolating the benefits into a wider user base.

¥

Telling the Story | <

Extract the key elements of the case and construct
the story with which to communicate

Figure 2-1: Overview of the SeBS case Methodology

2.2 Identifying Use Cases

2.2.1 Approach

In this chapter, we describe the first step in the process to ensure that we have a case which is
suitable for analysis. This consists primarily of reviewing the case against a set of key criteria.
Here, we describe those criteria used in the SeBS methodology, but other frameworks may
demand that these criteria are adjusted to reflect the analysis requirements (e.g. Data from
other satellites, specific market domain etc).

The use of data in the cases should be operational, i.e. part of an identified business process, so
that there is a way to identify the key drivers of value. Sometimes, the concept of operational
becomes stretched and we shall meet cases which are linked to one off events (F5 in Ireland),
or to projects (F9 in Norway), but ideally the primary user has been using the EO data for some
time to support their core operations.
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Finally, cases are expected to form a portfolio, that is a balanced selection reflecting the
applications and the country in which they are focused. This means that some cases, whilst
suitable for analysis, are set aside in favour of others. Practically, we develop a long list of
potential cases which then get examined in more detail according to either geographical or
technical gaps in the portfolio. As cases mature, they may progress from the long list to a watch
list and finally to be selected for analysis.

\
Contact with organisations to -
find potential cases
~ |More info
Sentinel data l
* OQOperational user . . . . ) .
* Primary user engagement Review against criteria — > Reject
Willing to share information
Retain on .
. Accept as feasible
long list
\
o Preliminary Analysis
>
Review against Portfolio ———» Reject

Select for Analysis

Figure 2-2: Steps to Identify & Select Use Cases

The steps to the process, which is described in this chapter, are illustrated in Figure 2-2. It starts
with finding candidate cases and then selects them according to criteria to make up a suitable
portfolio.

2.2.2 Finding Feasible Cases

Generally, finding a case starts from the perspective of an EO service. Given the fairly strict
criteria for selecting cases, a wide search is made, and the list of potential cases is constantly
refreshed and reviewed to identify candidates. It involves scouring all possible sources, including
social media, for news of services or service providers promoting new products. As these are
found they are reviewed against the first key criteria for feasibility, which will involve making
initial contact with one of the stakeholders in the case, most usually the service provider.

For SeBS, our goal is to study and promote the value coming from the use of Sentinel data,
hence, a key-criterion is that some form of Sentinel data is being used to provide the service.
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However, other analyses may start from another perspective and the SeBS methodology could
be applied to these other situations.

The key criteria which are first reviewed for SeBS are:

Sentinel data: this is a fundamental requirement. It does not mean that only Sentinel
data is being used and indeed this would be unlikely, but there should be a certain
dependence on the Sentinel data to be valid for our work. There may also be cases which
are based on the prospective use of Sentinel data. In other words, a service has been
built up using another data source which is or can be, replaced by data coming from one
of the Sentinel satellites.

Operational use: So that there is an understanding of the value of the data, it is
considered essential that the service in question has reached an operational status. The
core of the need is that the business processes are understood sufficiently well that the
value generated by using satellite data can be analysed. In reality, this means that the
organisation which is the primary user has used the data enough to be able to describe
the impact it is having. An ideal situation will arise when an existing process uses non-
satellite data which is replaced by satellite-derived information. Note that, as stated
above, the meaning of operational may sometimes be stretched and includes event-
based cases as well as project-oriented ones. However, where the use is part of a
research project, it is considered too immature to be suitable for analysis.

Primary user engagement: this has been found to be an essential step to a case being
feasible and so is introduced as a criterion at the very beginning of the selection process.
It is difficult to overestimate how important it is that the primary user is fully engaged,
and not just the contact but their management hierarchy as well. It is extremely
disruptive if the primary user moves to a different job or work on the case is suspended
by management. Ideally, an initial conversation is held with the primary user but most
usually, the supplier is asked to validate this point.

Willingness to share information: for a full case, the supplier and the primary user must
be willing to be open with what may be quite sensitive information. Cases are of value
to both of these stakeholders as marketing tools either for commercial sales or to
demonstrate the value of work that is being done. The level of information to be shared
is a key determinant between full and short cases. These points will all be discussed with
the service provider who must be fully committed for the case to proceed.
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Practical tips to assess if a case is viable for a “SeBS” analysis:

What is the satellite-derived product or service which will form the case and which
organisation is producing and supplying it?

Is the supplier of the service committed and engaged in supporting the analysis?

Who is the primary user of this service? Is he/she willing to support the analysis? Does
the contact in the primary user have the authorization and commitment of their
management?

Has the primary user been using the service as part of their core business operations?
Do they have a preliminary idea of how the EO service is generating value in their
organisation?

For which business operation(s) is the primary user using the EO service? How is the EO
service being used and what decisions are being taken as a result?

How do these specific business operations fit within a business sector (which may be
commercial or within a public agency) in the defined geographical context?

Are the supplier and the user willing to share information, especially to discuss openly
their business processes?

2.2.3 Building a Portfolio

The SeBS project objective is to analyze many different use cases that use the Copernicus

Sentinels’ data. To explore the different applications and to consider different indicators of

value, a further selection criterion is how it helps form a portfolio of suitable cases. If a case is

considered feasible, it will then be evaluated against several additional criteria which reflect it’s

fit into a portfolio of cases. This does mean that some good or even excellent cases get set aside

as they do not fit the portfolio needs.

The portfolio of cases all together provide an excellent opportunity to extract more knowledge

concerning applications and the value chain. We address the practical implications of this in

chapter 2.5. For our work on SeBS, the key criteria are:

Location of use: most of the SeBS cases are analysed in relation to a single country. The
exceptions are those cases which have a global dimension. That the country isimportant
reflects the political nature of the Copernicus Programme and its Sentinel satellites
coming under the EU (and ESA) umbrella. At least one of the key players in the case
should be from a country participating to the Copernicus programme and a balance of
countries should be reflected in the final portfolio of cases — as it builds up in time.

Applications: the thematic application of the cases should be balanced whilst at the
same time multiple examples of similar cases will also be attractive to develop cross-
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cutting lessons. Hence, this is not a straight-forward criterion to evaluate and relies a lot
on judgement.

e The Value chain: for the SeBS methodology to work, a value chain must be described
such that further stakeholders may be identified. This may be developed at this point in
the study but will mostly be done during the initial steps of the next phase.

At the end of this stage of the process, it should be clear whether the case is to be analysed and
if so, whether it will be done as a full case or a short case.

One of the modifications to the methodology has been to introduce short cases. These are cases
where the story is told but a detailed picture is not developed. Short cases are easier and much
quicker to develop than long ones and have the advantage of demanding a lower level of
commitment from the primary user. Whether a case is developed as short or long depends on
several factors:

e The willingness of the primary user to engage and share sometimes sensitive
information

e The resources available to analyse the case.

e The initial impressions of the possibility to perform an economic analysis on the case

e Its relationship with other cases and whether it is complementary or adds value to the
overall portfolio.

e If the economic analysis is deemed to be limited, is there a strong story to be told?

It is sometimes possible that a case is selected to be developed as a full case but that subsequent
investigations identify limitations which drive it more to being a short case.

2.3 Developing the Picture

2.3.1 Approach

In this chapter, we are looking at the first step in the analysis of case, which is to develop our
understanding of the value chain. Once a case has been selected for analysis, the next step is
to build the picture and relationships of the actors within value chain. This involves identifying
the key stakeholders relevant for the case and understanding the role which they are playing,
including the ways in which they are benefiting from the use of the EO data.

The analysis process is shown in Figure 2-3, covering the two steps for developing the picture
and analysing the benefits. We break it into these two steps as they largely reflect the difference
between a short and full case.

The value chain is a useful tool for discussing with the supplier and the primary user as it helps
create a common understanding of the analysis. It supports the process to identify the key
beneficiaries along the value chain and to define the scope of the sector which needs to be
understood.

Version: 2 Page 20 Date: July 2024



]

EARSC " =
s THE GREEN LAND 11ASA

SeBS Methodology: A Practical Guide for Practioners

At the end of this work, we should have a well-defined value chain with identified beneficiaries
in each tier and a well-developed description of the sector in the geographical context relevant
for the case. These may not be the final versions and may become modified by information
gathered later in the analysis, but the understanding is good enough to be able to hold an
intelligent conversation with the actors which will be part of analysing the benefits.

Aninitial idea of the nature of the benefits should also be developed. The different ways in which
benefits may be achieved should be considered within the framework which comprises 6
dimensions of value. The major benefits should be identified within the dimensions according
to the stakeholders. This provides all the information required to prepare a short case and is the
foundation and starting point for a full case analysis.

lCase Selected for Analysis

[

’L Case Information J

Identify Define the Understand
Beneficiaries Value-chain the Sector

Conduct
Interviews

Economic Identify Business Socio-environmental
analysis Processes analysis

Apply & Scale
Value Dimensions

¥

Full Case report:

+ Case description

Use of EO

Value Chain & Beneficiaries
Economic Benefits
Non-economic Benefits

Short Case :

Case description

* Use of EO
Value Chain
Benefits

Figure 2-3: Process for SeBS Case Analysis.

2.3.2 Understanding the Value chain

At the heart of the SeBS methodology is the value chain approach which provides a structured
framework for analysing the uses and benefits. Before starting to explain the steps taken to
analyse cases, it is first important to explain what this means.
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The principle for the case analysis is that a single product derived from earth Observation data
is used by a user organisation. This organisation is referred to as the primary user and is placed
at tier 2 in the value chain: see Figure 2-4.

We define the value chain as having 4 “tiers”. Early cases had more than 4 tiers in the value
chain but, as the work has progressed, we have moved to restrict it to 4 which is found to be
sufficient for this style of analysis. In each case, tier 1 is the “supplier” of the EO service, tier 2
is the “primary user”. Tier 3 are the “secondary users”, sometimes referred to as “other
beneficiaries” i.e. all the specific users of the service provided by the primary user and tier 4 is
the wider “citizens and society”. Note that the tier 3 users are those directly linked to the
function which the primary user is providing. For an agriculture case, it may be food processors
or chemical suppliers, for a roads case, it may be engineering companies. There may be tertiary
beneficiaries which sit alongside the main value chain, which may be government bodies or
other institutions with a direct responsibility or interest in the sector. For example the Ministry
of Agriculture and the Minitry of Environment would be relevant for an agriculture case. In
general, these are grouped with tier 3 as the “other beneficiaries”.

I EEETTED

&
. Fi d I
.\Q Services/ re-e an open-y . Better or more efficient . y .
A @ . available satellite Maps plus analytics N ‘Wider benefits to society
=) Benefits . business processes
= imagery
Beneficiaries Service Provider Primary Users Secondary Users Citizens & Society

Other tertiary Beneficiaries

Figure 2-4: lllustration of the Value chain.

Another way of considering the value chain is through the inputs and outputs at each tier. In our
representation, the input for the supplier is satellite data and their output are maps or analyses
in the form of geospatial information. These latter form the input to tier 2 whilst the output
from the primary user depends strongly on their business processes which is also the case for
tier 3. Finally, the social benefits come in many forms which cannot easily be characterised. For
each case, this value chain should be drawn up with case specific data introduced into the
visual representation. A blank value chain chart is included in the annex.

In tier 1, the service provider is using the satellite data along with any other data and
transforming it into maps or other information for the use of the primary user. At this point, the
nature of the service is rather clear.

In tier 2, the primary user is transforming the value through their business process. In selecting
the case, it has been determined that the EO service has become integral to their business
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process. Hence the business process needs to be understood to be able to estimate the values
associated with its use.

In tier 3, the visible effect of the service has become strongly diluted and the service is most
likely completely invisible to a tier 3 stakeholder. They are benefiting from the process within
the activities of the primary user and hence are largely unaware that satellite data is being used.
For example, a roads agency may use satellite data to identify the risk of the ground movement,
but the engineers or construction workers are only concerned with the defined works and not
how the route was chosen. Similarly, a farmer may be using data concerning his fields to manage
his crops, but his customers are only interested in the quantity and quality of the crops. Again,
the business process must be evaluated to determine the benefit which is being generated. As
we move down the value chain, the question of attribution becomes harder —see chapter 2.5.

In tier 4, the benefits of the satellite data have become very diffuse and the general population,
citizens and society, will even be unaware of that there are any links with satellites! They may
suffer fewer delays on the roads but have no idea of the process going on to achieve this or that
satellite data has been used to determine a route which will hopefully avoid remedial works in
the future. In many ways, this emphasizes one of the objectives of the SeBS studies; to make the
citizens and their representatives aware of the true value being created.

In some cases, and at the preference of the analyst, additional layers may be expressed through
the value chain as shown in Figure 2-5. As well as the beneficiaries and the services, this
representation includes the type of benefit which is manifest as well as how it is manifest. These
can be expressed for each tier although since many types of benefit may be present, the figure
will show the dominant ones.
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Figure 2-5: Enhanced value chain representation with additional layers of information.

2.3.3 Six Dimensions of Value

As each tier of the value chain is looked at, so consideration is given to the benefits arising for
each of the beneficiaries. These include economic and non-economic as well as monetized and
non-monetized benefits” and provide a framework in which to conduct the analysis. To focus
and structure the further analysis, a set of dimensions of value have been introduced which may
be monetized or not i.e. may be assessed quantitatively in financial terms or qualitatively or
quantitively in non-financial terms as shown in Figure 2-6.

7 There is discussion around the use of the term economic benefits. We have generally used it to mean
benefits in the value chain which can be monetised. In other words, we can place a financial value on the
benefit. Hence the term as it is used is essentially interchangeable with financial benefits — although this
is also open to different interpretations.
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Figure 2-6: Framework for analysis of benefits.

As studies have progressed, it became increasingly clear that many of the benefits of using the
satellite data were not economic or linked to a monetised quantity. Indeed, for some
stakeholders, the non-economic benefits may be more important than economic ones; for
instance, around environmental issues. As for the economic benefits, these non-economic
benefits are assessed at each tier of the value chain. A framework for assessing the benefits will
be described in chapter 2.4, but here we can introduce the 6 dimensions as they are already
used in short cases. The 6 dimensions, and a definition of each, are shown in Table 2-1.

In order to help evaluate each of these dimensions, a set of indicators has been developed as a
guide. These will also be discussed in chapter 2.4.

It should be added that, in principle, all the benefits could be monetized, i.e. have a value placed
upon them in monetary terms. Using a variety of analytical techniques, it would be possible to
estimate the monetary value to society coming from better regulation, from a better quality of
life or of geostrategic benefits. However, many of these analyses would be complex and demand
a high degree of effort to achieve and some of the benefits may be more readily recognised in
non-monetary terms i.e. number of species saved, number of human lives saved etc.

Hence, our approach is to monetize the benefits where it is reasonable to do so in relation to
the time and resources available to complete the analysis.

The goal at this point is to be sufficiently informed to either write up the short case or to be able
to conduct a detailed, informed interview with the primary user so as to develop the
understanding of the economic benefits.

Version: 2 Page 25 Date: July 2024



N

EARSC " =
s THE GREEN LAND 11ASA

SeBS Methodology: A Practical Guide for Practioners

Dimension Definition

Impacts related to the production of goods or
services, or impacts on monetary flow or
ECONOMIC volume, such as revenue, profit, capital and
(indirectly, through turnover generation)
employment.

s \
® D.O Impacts related to the state and health of the
\/ ENVIRONMENTAL environment, partlcularly as regards. t.he
ecosystem services on which human societies
depend.
\, J
( ™
\//‘ Impacts linked to the development,
— ~ REGULATORY e.nactr.nent or enforcement .of regulations,
directives and other legal instruments by
= AannfP policymakers.
s ™

Impacts linked to the development of new
INNOVATION- enterprise and/or the introduction of

N -
-y

- g / /) | | ENTREPRENEURSHIP | technological innovation into the market
\ S

and/or business processes.

Impacts linked to academic, scientific or

'S A
x
X
G SCIENCE- technological research and development, the
TECHNOLOGY
X
\, J

advancement of the state of knowledge in a
particular domain.

s ™

O O Impacts related to broader societal aspects,

O SOCIETAL such as public health, citizen security and
, \ welfare.
J

Table 2-1: SEBS benefit dimensions

2.3.4Indicators and a Scale of Benefits

The value of the data, or rather the benefits of its use, will be analysed along the value chain
and in each dimension. To assist and guide the evaluation and to improve consistency between
analyses, a set of indicators has been introduced for each of the dimensions along with a scale
on which they can be represented.
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It must be highlighted that these dimensions are to be considered as different “lenses” through
which we are observing the same phenomenon (i.e. the impact of using satellite data). The
derived indicators are not mutually exclusive and may in fact be overlapping e.g. economic
benefits are likely entailing improved living conditions and welfare, but both dimensions are
worth to be considered. For example, when we identify “quality of life from increased leisure
activities” as a benefit for Swedish forest owners in case F2, it is a benefit in the societal
dimension which is also given an economic representation through the perceived value of the
leisure utility.

The indicators identify parameters by which the benefits can be identified and subsequently
evaluated. A “set” is given for each dimension, oriented towards the impact which the EO data
has along the case value chain. They are not rigid, neither are they complete, and further work
will improve both their definitions and their application.

The indicators are introduced in each of the dimension sub-chapters in chapter 2.4.

An assessment is made against each dimension and for each tier of the value chain. The
economic indicators are all quantitative and expressed in monetary terms i.e. Euro. Some of the
other indicators may also be quantified but not monetized i.e. number of research papers,
numbers of employees, but the majority are qualitative. Hence, to provide a visual
representation of the importance of the indicator and by extension, the dimension, a grading
system or scale from 0 to 5 has been introduced as shown in Figure 2-7. The scale is applied also
to the economic dimension.

At present the scale is applied to the whole dimension which leads to difficulty in its definition.
This arises as indicators of differing factors are being combined and hence all are taken into
account in assigning the subjective value. This is an area for improvement in the future but for
now, relies on the judgement of the analyst on whether the importance is small, large, or
significant. Only for the economic dimension have we tried to introduce some specific values
but even this is difficult to apply when comparing the benefits today with those potentially
available in the future. What relative weight do we give to the future benefits compared to those
of the present?
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NULL = There are no perceivable benefits in this dimension, and no potential

for such benefitsto emerge is anticipated. Q
LATENT - There are, in general, potential benefits, but none concrete has .
been identified or described in this particularinstance.

Low . .

MANIFEST - At least one benefit has been identified, with MODERATE . . .

overall significance LOW/MODERATE/HIGH/EXCEPTIONAL

HIGH C X X | .
EXCEPTIONAL . . . . .

Figure 2-7: Scaling of benefits

For the moment, for expediency, the scale is generally applied for each dimension. With a

growing number of cases across different geographic and application areas, a benchmarking

exercise can be attempted which could help to refine the reference scales and enlarge their

representativeness at the same time as making them easier to apply. A guide is given as to the

weight to apply.

In the meantime, we point to the existing case studies (see chapter 1.5) and the examples they

provide as a reference for judging new cases.

Practical tips to develop the case:

Which other stakeholders are relevant as beneficiaries of the business operations of
the primary user? Are there other players which feature in the value chain? Are there
any links to academia or to government departments?

What does the full value chain look like from the supplier of the EO service, through
the primary user and secondary users to citizens and society? At this point we should
draw the value chain.

What decisions are being taken by the stakeholders? What information is being used
to make those decisions?

Which are the major benefits experienced by each of the identified stakeholders?
Getting the support of the supplier and the primary user is essential which is
sometimes difficult. Everyone is busy and these two key stakeholders may not
immediately see the benefit of the case to them. One approach which can help (it
helps us as well) is to write up a short version of the case story. This helps the dialogue
with the stakeholders — as well as helping to get the story clear for us.
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2.4 Identifying and Analysing the Benefits

2.4.1 Approach

Up to this point, the analysis has focused on understanding and setting out the perimeter of the
case analysis. The next stage is to develop the detail by identifying all the benefits and analysing
them where possible. Note for a short case, this will be quite limited.

The starting point of each case study is the value chain. For each tier, we shall seek to identify
the benefits brought about by the availability of the data. This means analysing the increase in
efficiency and effectiveness of operations as a result of better decision-making due to the
availability of enhanced information.

Achieving this means a close understanding of the case — “getting under the skin of a case” —
and the first step in this phase of the work will be interviews with the primary user and some
representative tier 3 beneficiaries. These may be conducted by phone, but face-to-face
meetings, especially with the primary user, are much to be preferred.

The next step is to assess the degree or scale of the benefit in such a way that cases may be
quickly understood and compared if a number of similar cases exist. In the longer run, this will
allow comparisons of cases in the same country or for the same application area (i.e. agriculture)
or using the same technology (i.e. Ground motion maps).

The final step is to extend the analysis, if necessary, to the required boundary. Most usually,
for SeBS, this will be a national one and impacts most especially the benefits in the economic
dimension. For example, in case F10, the analysis has been conducted for the Murcia region and
then extended to the whole of Spain based on other regions of Spain which are extracting water
from aquifers.

Now we shall discuss the different ways and some of the tools to analyse cases in each of the 6
dimensions.

2.4.2 Economic Benefits

We talk about “getting under the skin of a case” which is our way of saying that we need o
understand the decisions which are being taken by the various actors concerned. The decisions
are having an impact and the use of EO data is changing that impact — we hope for the better.
How to evaluate this impact in financial terms lies at the heart of the analysis in the economic
dimension.

The economic benefits are those related to the economic performance of the actors at each
tier of the value chain. By definition, the benefits can be monetised although this may not
always be easy. This is the hardest part of analysing the benefits and consumes the most time
and effort. It requires the development of models representing the way in which the business
process is generating value. Often, direct figures are not available from the primary user or other
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stakeholders, and we must rely on many assumptions which are each clearly stated. Note, for
the credibility of the case, it is important that assumptions are made clear, are conservative, and
are transparent being open to be challenged by case stakeholders or other experts.

The indicators which have been used in cases to estimate economic benefits are shown in Table
2-2.

Impact along the value chain

In the first tier — where the service provider integrates the satellite data into its services — the
data form an essential part of the service. Where this is supplied to the primary user if on a
commercial basis, there will be revenues associated with the service. This revenue is a cost to
the primary user and so must be tracked to avoid double counting. However, leverage due to
the service being used may mean additional revenues and associated employment, which would
be a benefit in the first and maybe second tier.

Impacts related to the production of goods or services, or impacts on monetary flow
or volume, such as revenue, profit, capital and (indirectly, through turnover
generation) employment.

Capital expenditure

. ) Aversion/reduction of capital expenditure which would or could otherwise have been incurred
reduction or avoidance

| Cost savings | | Aversion/reduction of operating expenditure which would or could otherwise have been incurred |
| Increased revenues | | Income through the commercial exploitation of EO-enabled value-added services |
| Efficiency gains | | Time or material saved through the use of services. |
| Reduction of risk | | Reduction of risk and consequential costs |
| Employment | | Increased employment in the service provider (which is not a cost in the value-chain) |

Table 2-2: Indicators of Economic Benefits

The economic benefit due to the use of Sentinel data (attribution) is relatively easy to identify
in tier 1 as it relates directly to the EO service concerned. In tier 2, the EO service is used by the
primary user to improve some parts of their business process, their operations. Hence the types
of benefits are much broader as reflected by the full set of indicators. The benefit has been
transformed.

Calculation of the value is most easily performed when it is known what was done before the
EO service was available. This leads to a counterfactual which may be translated into a reduced
cost, a gain in efficiency, a reduction of capital expenditure or a reduction of risk. These benefits
come on top of any increased revenues or employment.

In tier 3 and 4, not only is the transformation much greater, but the impact of the EO service is
becoming much more diluted and spread over a wider range of operations. As a result, it
becomes hard to identify the role and added value of EO data in these next tiers: they seem to
vanish. Furthermore, as there are no data costs, the associated cost component does not need
to be passed on to the next tiers in the value chain (which is the case in ‘normal’ value chains)
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and so it is hard to identify a correlation between the use of the data and economic
performance.

Even if the impact of the use of the data explodes, the value manifests more and more in the
form of non-monetary benefits. So, this sets the challenging task to identify and assess the
benefits, even if they become (almost) invisible and the proportion that can be allocated
(attributed) to the availability of Copernicus data, becomes really small. Put differently, as you
move down the value chain, the volume of impact becomes much larger even as the percentage
due to the use of EO data becomes increasingly smaller.

This also has important implications for the actual measurement of this incremental value.
Where in the first tiers we can still measure the value based on ‘solid” economic figures (like
decrease in costs, increase in output), as we move down the value chain that incremental value
is watered down. What you see is not the value itself, but rather indicators or proxies of that
value.

Introducing Models

Our approach to the analysis is based on estimating the value of information (VOI) which places
information (not intervention) at the heart of our investigation. Several analytical techniques
have been deployed in the case analyses mostly based upon an economic estimation of factors
along the value chain.

Extracting the information requires us to understand how decisions being taken by the actors
are having an impact. Often, these actors are not aware themselves of the full range of impacts
these decisions are having and several rounds of discussions are necessary which converge on a
position.

In practise this means that a first discussion is interpreted by us to lead to a first calculation of
the benefits. This is shared with the key actors who, with the picture laid out before them, are
able to provide improved information around the assumptions which have been used. This leads
to a revision of the analysis and the assumptions and to a revised picture which will again be
tested with the key actors.

Estimating the benefits requires the use of models; sometimes these can be simple, but they
may also become quite complex. There may be one embracing model or several reflecting
different decisions or business processes relevant to the case. These may vary according to the
tier of the value chain. In case F1, a statistical model was used to represent the uncertainty in
arrival time of ships arriving at ice-bound ports and the economic impact of reducing it. In case
F3, a business model was used to calculate the impact on the users’ balance sheet through
better use of investment capital. Other types of models have been used based on financial or
economic parameters.

Models are essentially used in two ways depending on the nature of the benefit. The information
coming from the use of EO may be better or it may be cheaper. If it is cheaper, then the cost of
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acquiring the data by alternative means will be the rationale for calculating the benefits. In this
instance, the model may well be used to calculate the cost of the alternative means to gather
the needed data. Note that this may not have been the case, and the alternative could have
been seen as simply too expensive to be considered practical for example in F5 (Ireland), F2
(Sweden) or perhaps most dramatically in F17 (the Mediterranean).

However, in most situations the data coming from the use of satellite data is better than the
alternatives and here the model must attempt to rationalise how the “betterness” is feeding
into the business decisions and leading to better outcomes. This is the case with the ground
motion mapping in F9 (Norway) and for aquifer monitoring in F10 (Spain).

In other situations, the data may be both cheaper and better; for example, in the Baltic (F1) or
Norway (F9). Here both types of model should be used to evaluate the benefits.

Whatever the model used, some of the values of the physical, technical or economic parameters
driving the model will likely be unknown. This leads us to make assumptions which are clearly
stated and open to be challenged. Uncertainties in the assumption may lead to considering a
range of values. These are injected into the model to calculate the benefits.

If more than one of the parameters is given a range of values, combining them follows a
pragmatic approach. If say three parameters are to be used in a model, we should not use a
maximum value for all three which risks to lead to an extreme result.. Neither will we calculate
all the possible outcomes as our goal will be to find a minimum and maximum for the variable
in question (ie. reduction in fertiliser use). In the extreme, a monte-carlo analysis or other
statistical methods, could be used to arrive at a realistic outcome.

Where the use of the EO service replaces earlier methods, ie removing helicopters from
icebreakers in case F1, or in-well strain gauges in case F10, the counterfactual cost of the
previous service ie helicopters, can be used to calculate the efficiency savings. However, where
the EO service is enabling new processes i.e measuring where ground motion is taking place in
case F9, or avoiding farmers walking their fields as in case F4, then we need to generate a model
of the processes.

In some situations, values become very imprecise to the extent that modelling them becomes
impossible. Two approaches are being used to overcome this. Mostly this arises where there is
a public amenity as in the value to the local population of increasing incomes, of keeping
transport infrastructure open (case F9) or of increased leisure activities (cases F12, F16, F20). In
this case we generally use a willingness-to-pay (WTP) approach. In our studies, we do not have
resources to conduct a full survey, so we tend to ask several of the actors we are interviewing
to gather their views. Afterwards, we are estimating the population which reap the benefits and
assigning a range of values to the amount each would be prepared to pay.

In some situations, even the WTP becomes problematic (!) and we are left to find other proxies
to support our estimates. This was especially difficult when we came to estimating the strategic
value of Greenland (case F6) and the value knowing air pollution levels (F18).
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Projects vs services

We have found two basic types of use of the EO services within primary user organisations. Our
core requirement is that the use is operationalised, meaning that it is used in regular business
processes. But sometimes these processes are projects which is especially the case for roads
management, or events (case F5). Here, the EO service may only have been used a few times
since roads construction projects take many years to reach completion.

In this situation we are looking for several examples where the service has been used in order
to build the picture of how the benefits are arising. The way in which the service is being applied
may vary between projects but generally, we have been able to extract the core of the process
in order to place some values upon its benefits.

Summing up

More than one indicator may be relevant to each tier, so each should be calculated to give a
total value of the benefit. It is often useful to bracket the assumptions used to give ranges of
outcomes (see economic benefit in Figure 3-2). As stated earlier, a visual scale has been
introduced (mainly for the non-economic benefits) but can be applied to both benefit types.
In

a guide is given which may be used to allocate a rating to the economic benefits for the case
and to provide some consistency across cases. This is quite subjective and whilst the guide is
available, some flexibility may be assumed in its use.
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Scale for Economic Benefits Comments

No quantifiable economic benefits are identified today orinthe =~ Many moderating parameters are

future possible which would reflect the size

No quantifiable economic benefits are identified today but relative to population, size of economy,

potential exists for the future size of country etc. These could be

Economic benefits are moderate today (€0-€5m) and in the future considered in a future revision but for

(€0-€10m) now, an absolute scale is preferred for
clarity.

Economic benefits are moderate today (€5m-€10m) but significant

in the future (€5m-€20m)

Economic benefits are significant today (10-50m) and in the future
(€20m — €50m)

Economic benefits are large today and/or in the future (>€50m)

Table 2-3: Scale for Economic Benefits

Practical tips to elaborate the economic benefits:

e Has the development of the EO service by the supplier led to increased business
with the primary user or new customers, or shows potential to do so?

e Hasthe use of the EO service by the primary user led to any efficiency or cost savings
through for example the replacement of alternative measurement means? Has it
led to increased business or budget or to increased employment?

e Has the use of the EO service by the primary user led to, or shows potential for,
changes to business practices which either improve operational efficiency, reduce
risk of additional spending needs, reduced the need for capital investments or
manpower?

e Hasthe use of the EO service by the primary user had an impact on the service which
they deliver to their stakeholders?

e Has the service offered by the primary user changed in such as way as to improve
performance, reduce risks or to reduce costs or time consumed for other
stakeholders in the sector or for society at large?

e Aniteration of the analysis is usually necessary with the supplier and primary user.
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2.4.3 Environmental Benefits

The focus for SEBS is on indicators describing environmental benefits stemming from the use
of satellite data, not on indicators describing the precise state of the environment or evaluation
of benefits stemming from such a state. These are generally recognized under other dimensions
ie societal or scientific. Therefore, the focus of the research is shifted from a static estimate to
a dynamic context — describing a change induced as a result of using satellite data.

The effects of such dynamic change could be reported after monitoring (observing) over certain
period of time. This rather “direct” approach, however, could require substantial time (e.g. few
years in case of agricultural applications where statistics on annual crop yields has to be
collected). The long time-span and dynamic nature both call for alternative methods for
assessments of the value of satellite data (e.g. scenario- and expert-based estimates).

The analysis of the environmental aspects requires us to understand the impact of EO data on
the user business process in environmental terms. Care should be taken to make the distinction
between the impact of the underlying sector and the impact of the EO service. For example, the
EO service InSAR is seen to have a very strong potential to help with management of roads
infrastructure — and roads and their use have a huge environmental footprint. However, this is
not changed by the use of EO data and the impact of the use of InSAR is not perceived to have
an impact on the environment, nor to provide a measuring tool, and hence the grading for these
cases is low.

EO data is par excellence for detecting and monitoring of environmental change and even more
so for climate studies. This has been generally considered as a scientific benefit, where EO data
is used to monitor and measure levels of pollution in order to develop a better understanding
of the causes and impacts (for example cases F12, F16, F20) and hence are included elsewhere.

As an alternative, there are applications where the use of Sentinel data provides important and
direct information on pollution levels allowing stakeholders to take better decisions affecting
their personal (impact on health F18) or societal (impact on the marine environment F17)
situations.

As with most non-market driven indicators, putting an economic value on the environmental
impact is complex. Various contingent valuation techniques may be used and especially using a
WTP process. However, our goal is not so much to put an economic value on these factors but
to highlight them as significant within the confines of the case. To evaluate the environmental
impact, we are generally relying on specific experts. If environmental factors lie at the core of
the case, the primary user will likely have sufficient knowledge. If not, we generally seek contact
with a leading expert in a university or research institute who can advise us.

Often there will be a direct regulatory link since much environmental regulation exists. But this
does not mean that the EO service impact is greater as a result. In other cases, the benefits might
be better seen as elements related to societal benefit, such as matters linked to public health
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(societal dimension). The fundamental test is if environmental parameters are affected directly,
which is reflected in the set of indicators shown in Table 2-4.

Environmental

Impacts related to the state and health of the environment, particularly as
regards the ecosystem services on which human societies depend.

| Reduced pollution H Reduction of unwanted material in the environment (water, air, marine etc)
Reduced impact on Denotes whether an intervention has an impact (positive or negative) on the local
biodiversity ecosystems or on the biodiversity of its fauna/flora

Reduced natural

. Reduced destruction or consumption of natural resources
resource depletion

Table 2-4: Indicators of Environmental Benefits

The set of indicators for the environmental dimension are focused on environmental or climatic
changes which may be impacted (it is assumed reduced) through the use of the EO service. The
three indicators which have been identified so far relate to the reduction of pollution,
biodiversity or on natural resource depletion.

The scale of environmental benefits is shown in Table 2-5. These are moderated in terms of their
impact depending on the degree of severity and/or the geographical extent of the parameter.
For example, if the impact is on a local woodland, this is less impactful compared to all woodland
in a region or country. Similarly, the impact of a pollution event may be considered mild or
severe depending on the effect it has on local, regional or national populations.
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Scale for Environmental Benefits Comments

No environmental benefits, linked to the use of the product or service The scale of environmental impact must be
are identified today or in the future. assessed today. The geographical extent of the

Some potential environmental benefits have been identified linked to
the use of the product or service but nothing is effective at the time of
the study.

extent) have been identified, linked directly to the use of the product or

benefit should be taken into account and or the
degree in which it will impact on human activity or
biodiversity. The product or service should be
supporting measures to mitigate the impact of the
environmental factors.

service.
Significant environmental benefits (either in impact or in geographical
extent) have been identified linked directly to the use of the product or

service.

Very significant environmental benefits (either in impact or in
geographical extent) have been identified, linked directly to the use of
the product or service.

A major contribution to environmental benefits (either in impact or in
geographical extent) has been identified linked directly to the use of the
product or service today.

i Limited environmental benefits (either in impact or in geographical

Table 2-5: Scale of Environmental Benefits

Practical tips to dig out the environmental benefits:

Did the use of the EO-based service or of any derived information help to reduce the
use of any substance which is potentially damaging the environment (e.g. fertilizers,
chemicals...), or does it show the potential to do so?

Can the use of the EO-based service be linked to any (mis)use of natural resources. Can
this effect be measured directly through changes in the affected geophysical
parameters (e.g. reduction in water waste, reduction in soil consumption)? Or is there
any proxy that could be related to this impact?

Did it help to preserve the natural environment by preventing or reducing
environment-adverse practices such as e.g. deforestation?

Is any governmental or non-governmental entity concerned with environmental
preservation potentially relevant for this value chain? Can they be interviewed? Have
they expressed any opinion on the use of the service?

Does the EO service provide information which helps understand the causes of
pollution or monitor its effects?

2.4.4 Regulatory Benefits

The regulatory benefits are those where the capability which the EO service provides has a
direct impact on the regulatory environment.
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Policy plan- A Goals &
ning 07 Objectives

Evaluation
Legislation

Implementation

Figure 2-8: Policy cycle

The identification of indicators has generally been inspired by the policy cycle illustrated in
Figure 2-8. Most of them relate to the implementation of policy and relate to the work of a
public agency responsible for monitoring, reporting or enforcing legislation.

This may be achieved by regulators being able to draft better policies knowing that the EO data
is available or that the implementation of the regulation can be more effective where EO data
is used. As an example of the former, the use of precise ground-movement measurements can
help water management authorities understand when risk arises from water abstraction from
underground aquifers (cases F10, F21). Knowing the movement can be measured more precisely
allows regulators to put tighter limits on the permitted movement before it causes problems for
houses or other infrastructure in the neighbourhood.

Improved monitoring can be achieved when measurements based on the use of EO data provide
a better knowledge of the parameters concerned by the regulation. An example is found in case
F9, where regular InSAR gives knowledge of when movement of the ground took place as well
as where, and hence can support resolution of, or even avoid, claims for damages due to
engineering works.

It is not always about stronger regulation but better regulation. An example of the latter
occurred in Sweden (case F2), where a light regulatory approach was adopted to give incentives
to the forestry industry, but which was also applicable to the 300,000 individual, family forest
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owners. The use of EO-based services enabled the authority to guide these family owners to
take the right measures so delivering a national benefit.

Impacts linked to the development, enactment or.enforcement of :
regtjlations,fdirecti\ées and bther Ie'gal instt"uments by polii:ymake'rs.

Rekulatéw

By offerlng new measurements EO data allows the de5|gn of regulatlons to be

Better regulatlons |mproved to neflect extstmg or new pollcv needs

EO data are used by the relevant authoritles to assess the level of allgnmeht to the

Immonltorlng presmbed beha\nour dndj’or |ts. breaches

‘ Improved reportlng | | Improve the effluency and effectl\.reness of agency reportlng obllgat|ons |

| Better enforcement || Prowdmg evidence and supportlng Iegal proceedlngs |

_Deterrence by raising awareness amongst potentlal offenders of the ablllty to detect_ N

RalSl:l'Ig awareness non- compllance

_Evaluatlon phase regardmg systematlc or ad- hoc monltormg of the adequacv of the ;|

'Poiiey'eva Iuation '''' ' pollcy and the effluency of its |mp|ementatlon

‘Objectivity of EO data can contribute to'the successful enactlng of core prmuples |

"ﬂ‘m;'””tab"“;‘" ........ || such: -as public transparency and accountability.

Table 2-6: Indicators of Regulatory Benefits

Although, care is needed to avoid any double accounting since, it is also likely that “more
efficient implementation” would be seen as an economic benefit. These are shown in Table 2-6
and the scale to assess this dimension is shown in Table 2-7.

Agencies are normally required to provide reports on the matters under their responsibility. This
will often relate to environmental variables and Water quality is a clear example as can be found
in cases (F12, F16, F20). In-situ measurements provide more precise information but can only
be collected in limited amounts. EO data can provide information over many lakes and water
bodies and is a strong complement. Hence better and more efficient monitoring is taking place.

Better enforcement of regulations leads to better compliance and a clear example of this lies in
the case on oil pollution in the Mediterranean (F17). This goes hand in hand with raising
awareness, since deterrence is increased as more people become aware of the risk that they
may be taking.

Many cases show how measurements provide data which can lead to better policy evaluation.
The water quality cases are evidence of this but also linked to managing nature reserves (F19)
and even where objectives are commercial, the data may help policy makers determine the best
methods to ensure water availability (F13).

Are the benefits always on the side of the regulator? It could be defined that way, and, in most
instances, this will be the case. However, further regulatory benefit may arise through the ability
of companies to meet regulatory requirements. An example here could be for the European
Deforestation Regulation (EUDR) or the ESG compliance requirements. Case F14 covers these
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two points. But, for a company, the benefit will be through its reputation or maybe by avoiding
regulatory costs (fines for non-compliance) and these would generally be regarded as an
economic benefit.

I Scale for Regulatory Benefits Comments

No explicit reference to use of the EO-based solution in the The scale of regulatory benefits is based upon the
legislation or for its monitoring has been found, and no potential has use of the EO-based product or service to monitor
been identified in this respect. regulations or to improve the efficiency or

No explicit reference to use of the EO-based solution in the effectiveness of monitoring. The scale goes from no
legislation nor for its monitoring has been found, but a potential has links to legislation exist or are anticipated, through to
been identified during the study. the situation where the solution is recognised in
The relevance of the EO-based solution to support legislation and/or existing legislation.

its monitoring is recognised by specialists in the sector and specific

pieces of legislation identified.

The relevance of the EO-based solution with respect to legislation is

recognized. Specific pieces of legislation have been identified and

amendments are being discussed by relevant stakeholders and/or

results of monitoring have been demonstrated as applicable.

Legislation including the EO-based solution is being brought forward

by relevant law makers and/or monitoring is already taking place

against existing legislation,

The EO-based solution is explicitly enshrined in the legislation as

well as having demonstrated the capability to monitor its

implementation in an efficient and effective manner.

Table 2-7: Scale of Regulatory Benefits

Practical tips to dig out the regulatory benefits:

e Is the service or the technology explicitly mentioned in any policy or regulation?

e Isthe EO-based service actually used by any public administration to inform the design
of policies or to monitor and enforce them? What are the related policies?

e To what degree is the public administration using the service? For instance: has the
service been incorporated within the regular processes of the administration or has it
just been used in a trial?

e Has this use lead to a more effective application of the policy from the side of the
public administration? Has it improved its capability to implement the policy? Is there
any plan to improve the integration of the service?

e Istheindustrial sector which is using the EO service or its derived information, subject
to specific regulations which may be adapted or monitored through spatial
measurements?

2.4.5 Innovation & Entrepreneurship Benefits

In this dimension, we are looking at the capability brought by the EO service to help stimulate
innovation and new businesses.
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We have identified two indicators for this dimension, although others such as revenues and
employment are covered in the economic dimension.

EO is not yet a generally or widely applied technology, so the introduction of the service may
itself be innovative and/or be a source of further innovation within the supplier and/or the
primary user. This can often bring a strong benefit and high value through new employment and
research projects (which links to the science and technology research dimension). In many
instances, the EO service is developed within a new company (a start-up) or by a new business
line within an existing company. Either or both can lead to new jobs, the benefits of which will
be contained within the economic dimension. The strong political interest in and the economic
drivers of, start-ups and SMEs led to the identification of this as a distinct dimension.

The service may also have been offered outside the supplier’'s home market as an export
business. This is taken into account in this dimension as a change of business process within the
supplier. However, any associated revenues or increased employment would be considered
under the economic dimension.

The introduction of the use of EO services into organisations (i.e. the primary user) can drive
new business processes. If the information is directly replacing data obtained from other sources
e.g. satellite images replacing helicopters as in the case in the Baltic (F1), then the innovative co-
efficient is low. However, more usually, the introduction drives new processes and hence
innovation is high. The organisations may be private or public. An example of the former can be
found in case F22, and in the latter in many cases (F17, F4, F5). The lack of an innovative culture
has been identified as a strong barrier for the introduction of services into organisations and EO
services can help change this culture!

Some importance may also be placed upon the nature of the service itself; its origins and
whether it has been patented. The latter would be an indicator itself of the service, but absence
of patents should not be considered in any way as a detracting factor.

In both these indicators, as shown in Table 2-8, the degree of importance of the satellite data
should be assessed. In other words, would the new company exist if the satellite data was not
available, or has the satellite data “only” been a factor contributing to a more successful start-
up?
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Impacts linked to the development of new enterprise and/or the

. introduction of technological innovation into the market and/or
Entrepreneurshlp business processes.

Innovation &

‘ Changed Business Practice | Improvement of efficiency or effectiveness in existing business processes |

S Creation of new businesses as a result of the use of EO data (importance of the
art-ups data in that process)

Patent Are there any patents taken out relating to the service or the user business
atents processes?

Table 2-8: Indicators of Innovation or Entrepreneurial Benefits

The scale factors used to assess the importance of this dimension are shown in Error! Reference
source not found. The scale is subjective relating to the degree to which business practices in
the supplier or primary user have been driven by the uptake of the EO service. The extreme is
where a new company has been created as a start-up or maybe a spin-out. More subjectively,
the degree of change to the business process is left to the experience and judgement of the
practitioner.

I Scale for Innovation & Entrepreneurship Benefits

The introduction of the service shows no evidence of starting a new The scale of benefits depends on the impact the
business nor to have led to changes in business processes in the value- service has made through innovation. Which may
chain. be in the service itself or in the business

‘} The introduction of the service shows potential for starting a new business processes which it is feeding. Alternatively, or
or to lead to changes in business processes in the value-chain. additionally, the service may have stimulated a

The introduction of the service has led to a new business (start-up) and has Start-up or a new area of business in an existing

demonstrated a change to business processes in the value-chain. organisation — which may not be commercial.

The introduction of the service has led to a new business (start-up) and has
become operational with a moderate change of business processes in the
value-chain.
The introduction of the service has led to a new business (start-up) and has
i become operational with a significant change of business processes in the
value-chain.
The introduction of the service has led to a new business (start-up) and has
become operational with a fundamental change of business processes in
the value-chain.

Table 2-9: Scale of Innovation or Entrepreneurial Benefits

Version: 2 Page 42 Date: July 2024



]

EARSC n " <
\ -
— 8 THE GREEN LAND [TASA

SeBS Methodology: A Practical Guide for Practioners

Practical tips to dig out innovation and entrepreneurship benefits:

e Isthe service or the technology particularly innovative in its own i.e. bringing forward
a completely new solution which was not existing before in this manner and shape?

e |s the service covered by any patent?

e Is the service not innovative per-se but is it bringing some innovation as per its
application in a new context?

e Has the service led to a new way of doing business? For instance, has it helped to set-
up a new business process? To what extent was the new process changed with respect
to business-as-usual?

e Has this change had any major impact (e.g. on other benefits dimensions)?

2.4.6 Science and Technological Research Benefits

How much has the EO service contributed to improving the understanding about the Earth
system or to advance any frontier technological know-how?

In judging the importance of the research dimension, we are considering how much the EO
service can contribute to science and technological goals. Hence, it is less a question of the
background of the service but more about the future evolution of it as a contribution to R&D
goals.

One of the clearest indicators of research interest is the presence of an academic institution
within the value chain. We have found this several times in F4, in F9 and indeed even in F1 and
F2. Indeed, this is an indication of links to research activities but not of the importance of the
service to further research activities.

Scientific research may itself benefit from the use of EO data. The characteristics of the data
mean that some research would not be possible and hence the data can lead to an improved
understanding of factors and issues linked to many applications e.g. forestry, water, agriculture,
and especially environmental factors e.g pollution.

Indicators have been identified linked to the number of academic publications, numbers of
research staff and the budgets which are assigned to the topic. Although a rare occurrence we
also recognise that there is the possibility of spin-offs from the academic institution which would
be considered as a start-up recognised under innovation & entrepreneurship. The list of
indicators is shown in Table 2-10 and the guidance for the scale in Table 2-11.
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Impacts Ilnked to academlc, suentlflc or technologlcal research and

development the advancement of the state of knowledge |n a partlcular
‘domair.

| A;Nawglﬂemrulwg publlcatlons ‘ | Puhllcatlons relevant to the service, linked dlrectlv 10 the actors or the EO service. : |

'|'R'esea'rc'h'5taff ‘ | Workmg on topics dlrectiy linked to the EO service or application” SRR AR |
Research hudgets Increasmg level of budgets dedicated to research Ilnked to the EO serwce and,"or its
appllcatlon
Improved fAbiIitv te pursue fresea rchiobjectives which are difficfult or imbossible without the use off EO
-Understanding data.

Table 2-10: Indicators of Science and Technological Research Benefits

Scale for Science & Technology Benefits

The service shows no evidence of contributing to scientific The degree to which the service is contributing to
research or technological developments. research activities which may be through an extension
The service shows evidence of the potential to contribute to of or further benefits to the service itself or a
scientific research or technological developments contribution to research in different academic areas

where the service has an impact.
The service shows evidence of limited contribution to scientific

research or technological developments.

The service shows evidence of moderate contribution to scientific
research or technological developments.

The service shows evidence of significant contribution to scientific
research or technological developments.

The service shows evidence of strong contribution to scientific
research or technological developments.

Table 2-11: Scale of Science and Technological Research Benefits

Practical tips to dig out benefits related to advancements in science and technology:

e Has the service or the technology helped to understand better any process or natural
phenomenon (either global or local)?

e Have these findings been captured in any academic publication?

e Has the service been used in any scientific context (e.g. research centre or university)
to help advance any research activity?

e How many researchers are involved in this use?

e Has the solution or any related application received any public fund for research?

e Has there been any company created as a result of this research?
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2.4.7 Societal Benefits

Generally, these are recognised at tiers 3 & 4 of the value chain, but not exclusively so. These
are benefits which are attributed to society at large including industrial or governmental
players which are not closely associated with tiers 2 or 3. It is also true that benefits which are
recognised in the case, but which are not attributed to any specific actor may be considered
here. The societal benefits may manifest at a local or a national level.

Improvements to public health may arise due to the use of the service to reduce pollution of
some form or to reduce human exposure to pollution, for example by predicting peaks of air
pollution and enabling citizens to avoid it (case F18). Examples could be found through the
reduced use of fertilisers or chemicals in farming (F4) so improving water quality (F12, F16, F20).
These would essentially be linked to increased opportunity for leisure activities ie swimming in
non-polluted lakes.

The citizens' sense of security can be improved by enabling a better response to a dangerous
situation e.g. a flood as in case F5. The use of the EO service supports emergency response and
reduces risks to both individuals and property.

The geostrategic value can be affected by the quality of life for the local population as is the
case in ice-bound territories where ice breakers keep local communities served with essential
goods through the winter F1, F6). In the extreme, the community would not exist without a
shipping service and whilst the EO data is not fundamental to the service it does greatly improve
efficiency and save costs. Hence the strong link between economic benefits and societal ones.
Another example is the gradual increase in timber stocks in Sweden (F2) which has an economic
value but is also improving the overall situation for the country.

The use of EO services can help raise local public awareness of a risk or danger by increasing
transparency of operations of public services which can also improve public utility of an asset
such as a lake affected by a harmful algal bloom.

The quality of life in the community can be increased by a general raising of wealth by increased
revenues within the value chain (F13). It may also be improved through better access to
infrastructure by reducing times when ie roads are closed for remedial works.

Finally, the EO service can help improve oversight by promoting a common operating picture
amongst stakeholders, for example, the emergency services, and so improve co-ordination of

|”

actions. The use of EO data as a “neutral” source which is open to all players to use can give
confidence to citizens that their interests are being respected. In case F7, the availability of a
common map helps bring together actors from many different backgrounds with the common

goal to increase revenues and livelihoods of the communities concerned.

The indicators which have been identified are shown in Table 2-12.
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Impacts related to broader societal aspects, such as public health,
citizen security and welfare.

Public Health

Improvements to public health through reduced exposure to pollutants, reduced
disease etc

| Civil Security

|| Reinforcement of citizens’ sense of safety and protection

| Geostrategic Value

| | Support to broader political or strategic goals

Public Awareness

Provision of information to the general public with the aim of supporting public
duties, raising awareness of hazards or danger, or improving transparency

Public Utility

Provision of increased access to a public utility, or reduction of withdrawn access
(e.g. mobility, energy, water)

Community and Quality
of Life

Increasing sense of community and the quality of life through enhanced
perception of the country/region/town etc as a place to live.

Improved Oversight

Contribution to stakeholder coordination and improved governance through a
common operational picture

Table 2-12: Indicators of Societal Benefits

The scale of benefits for the societal dimension is shown in Table 2-13.

I Scale for Science & Technology Benefits

iThe service shows no evidence of contributing to scientific The degree to which the service is contributing to

research or technological developments.

research activities which may be through an extension

The service shows evidence of the potential to contribute to of or further benefits to the service itself or a

scientific research or technological developments.

contribution to research in different academic areas
where the service has an impact.

research or technological developments.

The service shows evidence of moderate contribution to scientific

research or technological developments.

iThe service shows evidence of limited contribution to scientific

L The service shows evidence of significant contribution to scientific
research or technological developments.

research or technological developments.

iThe service shows evidence of strong contribution to scientific

Table 2-13: Scale of Societal Benefits

Version: 2

Page 46 Date: July 2024




]

EARSC n " <
\ -
— 8 THE GREEN LAND [TASA

SeBS Methodology: A Practical Guide for Practioners

Practical tips to dig out the societal benefits:

e Can the service or any of its derived information be linked to any perceivable benefits
regarding the sense of community at the level of the involved users e.g. shared
information leading to improved coordination and sense of identity for different users
and organisations.

e Hasthe service or any of its derived information been used to improve public awareness
and provide better information for the general public? (e.g. was the information used
in any press event to help the population understand a specific topic e.g. in case of an
emergency?)

e Can the service or any of its derived information be linked to any perceivable benefit
on the general population in terms of public health and wellness e.g. access to cleaner
air and to greener areas...?

e Does the service bring any sort of strategic advantage e.g. improve the standing of a
community or of any of its public authorities? Does it improve its independence or self-
reliance (e.g. less need for third party technology, less need for third party data...)?

e Can the service or any of its derived information be associated to an increased, fairer
or wider access to public utilities?

e Canthe service or any of its derived information be associated to an increased sense of
European (or national, or regional) identity?

2.5 Extending the Analysis

The processes described in the previous chapters allow a case to be analysed within certain
defined boundaries, which may be political e.g. a country, or thematic e.g. roads management
or indeed both. However, for many cases, we wish to extend the analysis to allow cases to be
analysed against a wider perspective. This gives rise to a number of further challenges.

2.5.1 Attribution

The tricky challenge of attribution concerns the question of, how important the EO data is to
the realization of benefits? Whilst the EO data is an essential part of the service, it is seldom the
case that Sentinel data is the only source of information for a value-added output; there are
often other inputs: from in situ sources, other satellites, or socio-economic datasets.
Disentangling the contribution made by the Sentinel data to the final product is the challenge
faced here.

Our challenge is to assess how much of the benefit should be attributed to the use of the EO
(or Sentinel) data. This question becomes even greater as we progress along the value chain
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and, as we have seen, the link between the service and the benefit becomes harder to detect
and to analyse. Ideally, a “with and without” comparison of performance would be investigated
but rarely are the processing chains sufficiently robust and the inputs decorrelated for this to be
possible. Other approaches are needed.

Of course, some products could not be produced at all without the satellite data input (e.g.
flood extent maps as in the Irish case). In such instances, there is 100% attribution, since the
satellite data is a necessary condition of — to develop the example — map production (although
notably, not sufficient, on its own, to be of much use, without the corresponding reference data
on transport networks, hydrology, elevation etc.).

But for other situations, for instance in the case of pipeline monitoring in the Netherlands,
where Sentinel-1 data acts as a trigger to investigate with higher resolution, commercial data,
we need to disentangle the contribution of each source.

This is generally tackled in two steps. In Tier 1 and to an extent in tier 2, we are concentrating
on the relative importance of the source data. A percentage will be assumed as to the relative
contribution (which can be 100%). A range of values may be used and any argument to back up
the estimation is declared. The values used will normally be validated with the supplier and, if
appropriate, the primary user.

For tiers 3 and 4, where the link is much harder to detect, the challenge is to assign a level of
contribution of the service to the changes in business processes. Once this is managed, the
same percentage of relevance of the source data will be assumed as is the case for tier 1 and 2.

The percentage attributed may change with time. The Sentinels are a relatively new data
source, and services being built upon them are often not fully mature. Further, for some cases,
the build-up of data over time to create a history can itself add more value. This is recognized in
cases F4, F7, F8 and F13. Both the absolute benefit figure and the attributed value could
increase.

2.5.2 Extrapolation

The second challenge is to extrapolate the analysis beyond the defined boundaries of the case.
This extension may be geographical, technological or market based.

Each case is based upon the operational, business use of an EO service within a defined,
geographical extent depending on the primary user and their boundaries, whether they are
local, regional, national or global. Where the use is at local or regional level, most SeBS cases
are extrapolated to a national level. This has both practical and political consequences.

Politically, as this has the most recognition amongst the stakeholders of ESA and the EU.
Practically, as the national boundary will normally constrain both market and regulatory
conditions. In other words, assumptions that are made will usually hold up to the national level
but not necessarily beyond. Indeed, even technical conditions may limit the scope as was a
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factor in case F3 where the geological conditions which determined if ground subsidence is an
issue, only exist in parts of the Netherlands.

Nevertheless, the geographic extent is normally a choice and for SeBS the report format has

always been referred to a specific country (e.g. in the form Aquifer Monitoring in Spain, or
Potato Growing in Belgium) except when the market is global (see cases F14 & S5). Future
analysis may be developed to extend over even larger geographical areas i.e. the EU, where a
common regulatory regime and the single market can support the analysis. This will demand the
development of further tools to support the extended analysis.

The case analysis is may be carried out across the whole country, but it is often the case that it
relates to a region (e.g. case F10 considers Murcia in Spain, case F3 considers an area around
Rotterdam in the Netherlands). Extrapolation to the rest of the country requires that similar
conditions exist elsewhere ie areas of water abstraction from aquifers in Spain, or areas where
the geological conditions are similar in the Netherlands. The extrapolation is normally limited to
the economic or environmental dimensions since the others are either unique (limited to the
supplier or primary user organisation) or applicable to the whole country (ie regulatory).

In respect of the technological developments, this has been touched upon earlier in this chapter.
Operational use of the service can lead to a better understanding of how the service works which
can, in turn, lead to a build-up of knowledge which improves the service. As such, the value
generated can be increased. Sometimes this can be recognised and incorporated into the
analysis, for instance by projecting increases in indicators; other times this will only be
recognised after the event, in which case it can be useful to revisit the case analysis.

Finally, many of the cases, especially those dealing with agriculture, have only penetrated a
certain part of the potential market. For example, in Denmark, only around 3% of the farms
were using the precision farming application from Fieldsense. This market penetration is
expected to increase and especially as the value which it can drive is demonstrated. Hence, the
cases may project into the future towards greater market penetration.

This raises an issue on whether we consider the explicit service on which the case is based or
whether we consider that the farmers will be served by multiple services. Since we are looking
at the benefits of the use of Sentinel data, we are in effect indifferent if a part of the market
need is met by another or multiple service providers. Either approach is valid, and both have
been used.

Finally, several of these extrapolation vectors may be applicable to the same case. Most
obviously the question of market penetration and increased technical performance go hand in
hand for agriculture cases. In this case, we produce a small 2 axis chart to reflect this potential
increase in value.
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Figure 2-9: Extrapolation of benefits in 2 directions (taken from Farm Management
support in Denmark)

2.5.3 Results Interpretation and Confidence Levels

A third challenge lies in the accuracy and/or confidence in the results. We explained earlier how
assumptions play a large role in the analysis, plus we often bracket these by defining a range
(upper and lower limit) on their values. In doing so, we hope to give greater confidence in the
results without going to the extent of evaluating each parameter to give it a confidence level.

The assumptions are always tested with those interviewed in the case. We do not ask them to
validate each assumption, but they should inform us if we are significantly wrong in the models
and values that we are using. Each case is very different not just in its nature but also in the level
of knowledge of those interviewed which is also a factor in developing models.

The model will also depend on the knowledge of the counterfactual. If this is coming as a result
of a direct replacement of an alternative source of data, it may be straightforward. But more
usually, the benefit is coming from better data and here the level of accuracy of the benefit
calculation relies on knowledge of the benefits of separate business decisions.

Our goal in developing the SeBS cases, is not academic, but some practitioners may have this
objective. In this case, attention should be given to the confidence levels with which each
economic benefit is calculated. Doing this will require a much deeper level of understanding
surrounding the values used in the analysis. Even as assumptions, error bars should be assigned
which necessitate a degree of application which we are unable to devote to cases.
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It also has implications for the way the necessary models are constructed and operated. All-in-
all, this goes beyond the level of analysis which we are able to provide.

2.5.4 Comparison

With a growing number of cases across different geographic and application areas, we are able
increasingly to make comparisons between the cases which allows us to build upon the
knowledge of the first case to help refine the analysis for the second. It also open up to
additional findings through case-comparisons. The more cases which are available the richer
such comparisons can become; see also the comments on a transversal analysis in section 2.6.

Comparison across cases has led to the refinement and homogenization of the levels of benefits
dimensions attributable to the single cases and an improvement in the interpretation of the
cases themselves as well as their specificities and boundaries of application. A benchmarking
exercise can also be attempted which could help to refine the reference scales and enlarge their
representativeness.

During the study, we have completed 22 full cases and 15 short cases. This allows us to embark
upon two forms of comparison which are currently identified (1) for similar market sectors i.e.
agriculture, and (2) similar technologies i.e. InSAR.

Type Characteristic | Thematic Cases
Market Agriculture Cereals Denmark (F4), Poland (F8)
Potatoes Belgium (F7)
Grapevines France F13
Sea-ice Icebreakers Baltic (F1)
Shipping Greenland (F6)

Water Quality | Water Quality in Lakes | Germany (F12), Finland (F16),
Netherlands (F20).

Technological Ground Pipeline infrastructure Netherlands (F3)
Movement Roads Norway (F9), Italy (F15)
(InSAR) Aquifers Spain (F10, & F21)

Table 2-14: Potential case comparisons.

However, whilst a lot can be learned from one case and applied to a similar one in a different
country or for a different crop, it is too simplistic to simply take the first result and presume that
the benefits found in one can be directly applied to another. Cases can build upon the knowledge
developed in previous studies but do not offer significant short cuts. It is not possible to simply
scale from one country to another, or one crop to another.
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Firstly, looking at the agriculture cases, we have looked at 3 fundamentally different crop types
and we can already make a comparison between cereals, potatoes and grapes. the way in which
value is generated differs considerably not just between different crops but even for the same
crop! For the two cases looking at cereals, we find that although the service may be quite
similar, the business models of the suppliers and primary users differ (see Farm Management
in Denmark and in Poland, both concerning cereal farming) leading to benefits arising in
different ways.

Comparing either of the two cereal cases with that for potatoes in Belgium immediately shows
a difference, as the business case for potatoes rests on the frozen food processors in tier 3,
whilst for cereals, the volume and range of users are so great that the benefits are negligible in
tier 3 of the value chain. Even greater differences can be seen in the case on grape growing
where the nature of the business models changes dramatically the way benefits are manifest.

Comparing cases using the same, or very similar, technology is equally illustrative. The use of
INSAR to measure ground motion has been at the heart of 4 cases. Each one has its particularities
and, even if the source service is very similar, the benefits are very different for pipeline
monitoring in the Netherlands, Ground Motion in Norway, Highways Management in Italy and
Aquifer Monitoring in Spain.

Looking at the comparisons allows us to gain a better understanding of the value chains.
Examining the different business models places the focus on different actors and deepens our
understanding of the sector and especially the way in which the EO service is used.

Hence, each case has its own characteristics, and it is difficult to present any methodology for
comparison yet it is clear that rich results can be possible through the comparison of cases. For
others who apply the SeBS methodology or variants thereof, we shall be eager to draw lessons
through examining and contrasting cases where similarities can be exposed.

2.5.5 Non-Economic Benefits

Extending the analysis beyond purely economics has led to the framework of dimensions, with
indicators and a scale of importance to set beside the financial or economic benefits. The
characterisation of this scale is not so well defined and the definition of the scale for the
dimensions needs to be improved through more benchmarking based on analysis which are
conducted. This will demand a greater portfolio of cases to enable clearer definitions compared
to the minor, significant, major impacts currently used for most dimensions.
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Introducing scales for each indicator will allow more precision but at the expense of a more
comprehensive and detailed analysis which takes longer. Just as there is a trade-off between
converting non-economic benefits into monetized ones at the expense of (possibly
considerable) additional analysis, the same trade-off exists for the scales of non-economic
benefits if they are to be analysed at the indicator level. As always, there is a trade-off between
precision and investment.

Some practical tips for extending the analysis:

e What is the perimeter of the case from which each of the beneficiaries in each tier
benefit financially from the primary user use of the EO service and what are the values
of these benefits?

e What are the benefits for each stakeholder in each of the 5 non-economic dimensions?

e How will these benefits increase if the scope of the analysis is extended to account for
future evolution of the service, future technology and/or market improvements and
changes to the geographical extent?

e Does the case have any similarities with previous cases studied? Are there any findings

which can read across from earlier cases? Does this allow any comparisons to be made?

2.6 Transversal Analysis

A transversal analysis becomes possible once multiple cases have been analysed. The number
is not precise but must include more than one case study within an application domain. Strictly,
this is not part of the methodology for analysing a case, but we record it here, reflecting the full
range of analyses conducted under the SeBS project.

Within the SeBS study, we wished to explore if further understandings could be developed by
looking across all the cases analysed. We started by selecting those cases where we had more
than one case in a specific application domain. Despite the discussion above, or maybe because
of it also recognisjng that agricultures/crop cases differed greatly, we selected roads
management, forest management and water quality monitoring as 3 domains where we had
multiple cases and where we could foresee more analysis could be interesting.

Our first step was to ask ourselves what is the situation in countries other than those featured
in cases? We organized a series of workshops as well as having several dedicated calls that
helped us develop the wider picture. This led us to a subsequent question; why have the EO
services become established in one country and not another one?

As a result of these two steps, we built up a series of insights and of barriers or enablers to the
uptake. A simple model was proposed which was tested with a number of the same players we
consulted over the service adoption.
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One further conclusion can be drawn concerning the use of indicators from one case for another
one in the same application. We conclude that parameters drawn from one case in one situation
(e.g. country) cannot simply be applied to a similar case in another situation (country). Or more
accurately, care is needed if doing so. An example of this is seen in the water quality where it
may be expected that cost of in-situ sampling could be applied universally since the cost should
be quite similar. In reality, different conditions mean that even here the same cost figures
cannot be used as sampling needs differ (frequency, remoteness of lake, parameters to be
analysed). Similar concerns exist for other parameters and, whilst numbers can be used as a
starting point, the case must be understood to be analysed correctly.
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3 Telling the Story

The goal of the work is to communicate effectively concerning the benefits of using Earth

Observations. Whilst not strictly a part of the methodology, communicating the results makes

the studies valuable and so a brief description of this activity is given here. As a result, 3 forms

of output have been used.

1.

A full report is a document of 50 or 60 pages which explains the analysis performed in
detail. It provides extensive information regarding the key actors and how they work
together in the business. It provides a quantitative assessment of the benefits as well as
constructing a sound qualitative view along the 6 dimensions of value (see chapter 4).
A short case is a 6-page document which summarises the case. It does not contain
detailed assessments of the benefits but does identify the main indicators which can
lead to those benefits.

A flyer is a 2-page summary of either a full case or a short case and which describes the
full contours of the case. This is intended for the casual reader whilst the full and short
case reports provide greater detail.

Setting the scene. Each of the full cases has a short text which imagines a story
connected with the case. This is entirely fictional but is designed to help readers
understand quickly the essence of each case. Examples are at the beginning of each of
the full cases and some of the other reports (summary report, transversal report).

Some tools have been introduced to help communicate the results and proved very effective.

The value chain representation: this is usually very effective to help tell the story
because it provides an overarching view of all the actors involved and of the core
relationships. A representation of the value chain together with a pictogram
summarising the results is used in each full report and its associated flyer. The value
chain is also included in short cases. Whenever possible, a quantitative measure of the
benefits is also accompanying the graphical representation. An example of the value
chain representation taken from the case on Ground Motion Monitoring in Norway is
shown in Figure 3-1.

The qualitative indication of the different types of benefits over a standardized scale.
This usually helps to highlight where the focus of the case is and greatly facilitate the
inter-comparison of different cases. The estimated importance of the benefits within
each dimension is finally represented in the reports and flyers in the form of a pictogram
form. An example from a recent case is shown in Figure 3-2.
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Copemicus Sentinel-1 prowides free-of-charge frequent, all-weather, day-and-night (-band radar images.

InSAR Norway is developed and maintained by the NGU - supported by NORCE and PPO Labs.
NORCE's training of people for InSAR Norway has produced highly-skilled workers in the local
industry. The use of helicopters to scout for potential landslides can be reduced.

The NPRA (Stat: ] is making use of InSAR Norway in their planning, design,
budding, and mtemn(e of Norway's mds. This allows better informed construction related

policies and regulations.

Road © tion and eng P such as Mults it, Skanska AB, and the
WWWI@M!M&!MWQWMMJMWM

All road users and citizens can reap the benefits of having fewer road closures
and safer roads, with reduced risk of landshides and tsunamis impacting lives and
properties.

Figure 3-1: Example Value chain representation used for Communication purposes.

Total benefits

Societal

Economic Environmental Innovation Regulatory Science & Tech

Figure 3-2: Pictogram of benefits using the SeBS Dimensions.
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4 Final Considerations

With this document, we aim to give other analysts a guide on how to determine and represent
the value that comes from using EO data. Our methodology is based on a bottom-up approach
based on the use of a single EO service or product. We examine its use along a value chain which
is based upon 4 “tiers” from supplier (tier 1) through to its impact on society. A key player is the
primary user (tier 2) which has adopted the EO-derived information into its internal processes.
Those benefiting from the work of the primary user (tier 3) with society at large (tier 4) make
up the full value chain in our methodology.

The basis of our approach is to analyse use-cases of Sentinel data in an operational context.
This enables created value to be assessed along the value chain of users and beneficiaries. As
more cases have been analysed, the framework for the work has become more clearly defined
and allows us to share our thoughts and experiences with others.

Value can be expressed in different ways, and we have adopted an approach based on 6
“dimensions”. Each tier is analysed for each dimension to build up the picture of benefits. The
SeBS methodology is applied to the use of Sentinel data but could similarly be applied to other
data types and sources. This structured approach greatly facilitates discussion with stakeholders
and helps the analyst present results in a uniform and comparable way.

Whilst each case analysed is a valid goal in its own right and should stand alone as an example
of value, building a collection of such analyses will enable a fuller picture to be developed. In the
22 full cases completed, we can see benefits which alone justify the investments made in the
Sentinel missions —and we know that this is only scratching the surface. In addition, comparisons
made will provide extremely useful insights into how EO data is used and transformed into
value for society at large.

Even if well-developed, the methodology always has room for improvement. The factors
discussed under the section about extending the analysis, give direction on where we can
strengthen the analysis even further. Better tools for understanding the attribution can be
developed and comparisons between different cases promises to expose some rich value
understanding. The definition of the scale for the dimensions needs to be improved through
more benchmarking based on analysis which are conducted.

A key lesson, but not evident, has been the importance of ensuring that not only is the primary
user fully committed to supporting the case analysis but that their hierarchy also supports this.
Several times we have come up against barriers when halfway through a case, due to our key
contacts changing job or coming under a new management structure. We believe that it is
important to make the users a key part of the story and to ensure that the report meets their
internal needs as well as being a public document.

Storytelling has become a very important part of the work. A set of products have been defined
through which to communicate the results. Not all cases are suited to being fully analysed. The
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most common reason for this is either that the EO service use is not fully operational or that the
key stakeholders are unable or unwilling to share key business information. It is understandable
since we need to get a good understanding of what the primary user organisation is doing and
some of the business details are quite sensitive but is a complete block to undertaking the
analysis.

Where details or the depth of understanding is limited, this can lead to a short case where we
provide the essence of the story including details of benefits in several dimensions, but we
cannot go as far to make an economic analysis. Short cases are still highly effective for
communication purposes and have the benefit of being much shorter and easier to read!

We hope that this guide may be useful to others. We plan to continue working on these and
similar topics and we shall always be happy to discuss any developments to the methodology
and/or adaptations to different circumstances. A community, called GeoValue® is being
constructed with this goal in mind; come and join us!

Please feel free to contact us with any questions about the work described here or any
suggestions concerning how it may be improved or adapted to new situations. Our email
addresses are given in our profiles or you can write to info@earsc.org. All cases and project
reports can be found on the website earcs.org/sebs/.

8 https://geovalue.org/
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Annex B: Blank Value Chain Figure
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