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1 INTRODUCTION

¢tKS aSNWBAOSa YR LINPRAZOmXKI REDIMI 1SR K& OBK 3 KBA 1LE
AAIYATAOL Yl SYSY SBRO AzaBNRG OSNNIF £ a2 (2 | RRAGAZYIE
OKIAya® | yRSNAULI YQRAKYSENS! yldplakpsaod BBy SFada OFy ada
RSOSt2LYSyd 2F &2t de@BNIAR &iIKI 6 dziNBI {oaSAIZIIBMNA Bawiile K3
0502YSa Y2NB LINBGIt Syl o¢rEEK LOR yaMm RS NRE FH NFKS v adz
2 dzii IBdzi &

Ly OASomRFLIEKARE! SLINE R {z0 GEAEKYNDYSA NBABAENGS 2% W®6h Ay
¢CKS&S aKhtf YFNYOUGAZTE I &dzILIBNIG  G22t GFNBSGSR

LINE GARAY 3 AYLISGdza (2 GKS LRtAO& YI 1 AY 3 KA dzBENR dzy |
aK2g 0Ol asSao

a2NB20SNE o0& SEGSYRAY3 G(GKS YSIiK2REGY2HK®T . SNE¥HG
6{S.{0vx GKSaS NBLER2NI&a LINRPGARS I O2y(GNRodziA2y (2

$KSy Al O02YSa (2 lidhydAaFeayd I YRCKRBISYy {ApI a5RS |

RELIK @ fdzS OKEAYy Byl @ARA&K SR dARA SASRBA GSE £ 6 KA OK
Odzai2YSNA® ¢KS dzasS 2F O2yONBGS RIFGI dem(yea" @i KB K
SEGNI LRI GAZ2Y 6AGKAY GKAE& FNSLRLNPRW A{ RIS MFyA QiEK & yT 22
The expected output of this activity is three publications focussing on different sectors, delivered at

M23, M32 and M4Q

1 The first publicationfocusal on the agricultual sector The report combind inputs from
previous work with a fresh look into the value chains served by the different pilots under the
e-shapeagriculture showcase, so that the potential benefits they yvedde highlighted.

9 The second publicatiofocusedon public wellbeing, linking to pilots warious showcases
within e-shape which provide services related to public headtdfety,and quality of life

1 The final publicatiorfthis report)focusson natural capital and the environment and draw
from various showcases withinghape to illustrate the plethora of associated benefits.

2 METHODOLOGY

2.1 Understanding the impact of an E@ased service acrossvalue chain

¢ KS dzasl @FR9ASNIIAO
gt dzSal@KF RRNB & a

O $faS (OILI yk 6 (NERYERF BN Y (R(EHB | KI5 D ( A Y
idKS
gl fdzS AG Aa éééQYuA
A ¥
2

é KFttSy3asa (&2 (FdziKt 83Sdzyi RS NING
Ff G2 ARSYdGATe (KS RSOAa)\ZYa
Bt dzS OKIFIARZIGY RKIGAY @2 AYh oAt AdGe 2F 9h REFEGF 2NJ RSN
AGFNIAY3 LRAYG 27 dzNJ Iy 8T RS R @laf deX SORIRSYA AFK O
SySFAKS AyIRMLBSR Saz odz@aAySaasSasz F FRAS NGASildz & @
20K&HBOZY2Ye YR (KS SyoSmpyyoONBlI a6Rt SERASGN Sy Oex
JSYSNAO OPEREUHALADKIAFPYAATAK26Y 0SSt 20
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<>©;/J
Satellite imagery . _
Q (Sentinels and Other information
;\ Services ther): Insit Satellite-data enabled services and/or Public goods or
) @ other); in-situ, services decision support services

weather, and
historic data
_————

tools

Citizens, Businesses
Beneficiaries Service Provider Primary Users Secondary Users Governmental
Agencies

Other actors involved in the specific sector
(e.g. Research Institutes, Regulatory
Authorities, etc.)

Large area, (i) Better decision iy ;
z i z Environmental (e.g. air
continuous making leading to and waterquality)
Type of Benefit monitoring greater efficiency and Economic, financial ol Y
capability. Less costly cost savings; (ii) value 8.
: 5 employment)
with satellites adding service
Savings and Better health of citizens
simplicity in sourcin Increased revenes, and/or the
Manifestation of pdatt;lenable 8 Better tactical and avoided costs, oironmants
: strategic plannin i i ’
value profitable business BEE e) e tct competitiveness of
products or processes
models economy
Figure2-1: Visualisaton2 ¥ I a3ISY SNAO¢ Ol t dzS OKIAYy dzaSR 02

Studying each link of the value chain, we try to devedgmlid argumentation around the benefits
different actorscanexperience thanks to the use of EB@sed servicesand where possible quaifit
these benefits

CeLAOLEtesr SIOK @I t .d2Bort Gekdriptiohs cDenghdier ardigvenddown & G A S NA

| Tier I Service Provideraddressesi KS 6Sy STA (& SELSNASYyG@GF®R o6& (K
example, a remote sensingpbmpany saving money by utilising free EO data as opposed to
paying for EO data.

9 Tier 2 Primary User- addresseghe benefits experienced by the primary user of the EO
service. For example, a public body who uke EO servicdl 2 KSt LJ Y2y AG2NI 7
compliance to CAP requirementsamore efficient manner. Tier 2 can also often describe
private-sectorprimary users.

9 Tier 3: Secondary Users; addressesthe benefits experienced by the stakeholders
downstream of the primary useFor example, farmers whget monitored and receive subsidy
payments in a swifter and more transparent manner thanka third-party use of EO data.

1 Tier 4 Tertiary Usersg Quite oftenTier 4 describes benefits experienced by citizens and
society.Forexamplethe benefits experienced by the general public who get to enjoy the rural
landscapes maintained by the farmersTier 3.

Thisvalue-chain approachas been developed by Geoff Sawsad Marc de Vries (with 3 case studies
analysed in 201:2016),has beerfurther honed through the SeBS stuffgaching a current total of 19
cases with several more in the pipelired is strengthened through regular interactions with the
GeoValuécommunity.

This report builds on the outputs of these efforts antlempts, for the first time a consistent
G dzLJa O f A y 3 &iondfEhe Gakiéehain appdbathOlh this regande shall draw fromthe very
well understoodvalue chains withinthe SeB%ase studies to illustrate how value can be experienced

1See heréhttps://geovalue.org/
e-shape
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across sectorsjdeally in direct reference to the services produced by tleshape pilots. The
methodological framework developed in SeBS, and in particular the 6 dimensions of benefii2(see
below) will form the basis for our analysis, which is extended through an extrapolation approach (see

2.3 below).

D5.2171 Final socio-economic value of EO in selected sectors report

2.2 Documenting the value of mEObased service along 6 dimensions

Across the value chaitthe availability of E®ased data/productgnables actorin each differentTier

to access and act on different types of information, helping them to make informed decisions and
proceed with targeted interventions. Whilst each case has its own characteristics, cartaimon
benefits have been observedlong 6 generic dimensions:(i) economic, (i) environmental, (iii)
societal, (iv) regulatory, (v) innovation and entrepreneurshipelated, and finally(vi) science and
technologyrelated.

The definitions for each of these dimensions are provided below.

ECONOMIC

ENVIRONMENTAL

SOCIETAL

REGULATORY

INNOVATION
ENTREPRENEURSH

SCIENGE
TECHNOLOGY

In each of these dimensionEGbased services can produce a significant impaat.bEmefits for some

of these dimensionsannot always be quantified (let alone monetisedgt,there is value tadentify

the specific contributiorof EO. Therefore, in our effort to extrapolate thalve generated by EO, we
shall consider both the quantifiable and nguantifiable aspects. The specific approach we introduce

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

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

Impacts related to societal aspects such as increased trust in authorities, better public he:
secured geostrategic position.

Impacts linked to the development, enactment or enforcement of regulations, directives
other legal instruments by policymakers.

Impacts linked to the development of new enterprise and/or the introduction of tetbgical
innovation into the market.

Impacts linked to academic, scientifir technological research and development, ti
advancement of the state of knowledge in a particular domain.

Table2-1: Definitionsof the benefit dimensions

for e-shape is described below

2.3 Extrapolating value by looking into geographic extension and market penetration

aspecs

Assessig the benefitsgenerated by the use of EO in a given sector (hetiral capital and the
environmen) presents us with an important challenge: how can we ensure that the argumentation
we develop and the numbers we estimate are a good and representatite the reality of that
CNIRAGAZ2Y I Tz (KS -dodn @akréecohoyhida apprivdchi 2
combined with a few case studies to highlight the fprantifiable benefits. Such approaches, used

aS002NXK

e-shape
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for instance in the Copernicus Markeeport, whilstoffering a nice panoramic view, often suffer from

a lack of accuracy when it comes to the underlying structure. On the other side of the spectrum,
bottom-up approaches such as the one deployed in SeBS, are by construction focussingifiz) spe
very well studied cases and attemphly a qualitative analysis of how their results can be seen in a
wider perspective.

Here, we aim to build on the welstudied bottom-up cases and construct a broader, wglistified
picture.

Please noteThe exrapolation method describedis primarilyappliedto economic benefits

It startswith the assessmentf specific value chaing/hich we thertry to generalise and extrapolate
so as tgresent benefits tracked back to Hfased services for whole sectofsgraphic representation
of our approachs presented Figure-2d LG RAAGAYy JdzA 4 KA E dIR0LISS SYLILINR G G
SAGAYIFGAY3 GI-RABY £ YVIRLILINEG k& OZlDd ! achiighigsii ai 2evy good
understanding of benefits and value manifested at the micro level i.e. in a single value chain with a
relatively small number of stakeholdershisapproach only gains a limited understanding of the

overall value and benefisanifesed at the macro level i.eat a regional, national or supranational

f SGSt GR2AGYEG 2ALWILINRF OK A& (GKS 2LIRaAdSzT AG 3FlAya
manifested at a regional, national or supranational level, but only a limited understanditite o

benefits and value manifested at the micro level. Our approacdomewnhere in the middjevhereby

we take well understood micrtevel cases, link and group them by applicatmal thenbuild a picture

of various market segment3akingthe market s YSy (i & I a & aodizhef oiRefialy rBarkét,f 2 O

we aim to illustrate the potential magnitude of the overall matgwel benefits.

° Our approach

o —
P ————_

Top-down _~‘.‘ ’ "-.
approach L :

Figure2-2Y Boftom-dzLJ¢ Z-R@ @ 1€ | Yy R 2 dziilerestimidd | OK (0 2

In our extrapolation w will be looking into two perspective§) geographic extension, (ii) increase
market penetration

2 https://www.copernicus.eu/sites/default/files/PwC_Copernicus_Market Report 2019.pdf
e-shape
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2.3.1 Geographic extensio

The global coverage &arthobservations, i.etheir ability to capture every spot of the Earth, allows
service providers to offer solutions that address customers across borders. Therefore, in principle, the
findings of a given case can be extended beyond the geographic borders of the countryhrthehic
case is being carried out. In practice, however, this also depends on multiple other factors:

1 IstheEOservice addressing a problem thati a large extent similar in different countries?

1 Is the climatology, geomorphologpr any other relevant environmental conditions
comparable, to the extent that a given solution is transferrable?

9 Isthe regulatory or business framework equally conducive to the uptake of a given solution?

Depending on the answers to such questions, we are able to prdjedbénefits of a given case in a

wider geographical scale. In essence, this is a market sizing exercise, whereby the questions above act
as filters that allow us to zoom in from the total addressable market (TAM), potentially at a global level,
into the saviceable addressable (SAM) and eventually serviceable obtainable (SOM) markets. This
process is applied for each individual case and, naturally,-sj@esefic parameters are taken into
account to define the extent to which this extrapolation can be jizdilly done. Yet, despite such case
specific parameters, when we look at the full portfolio of cases that have been analysed, we can
already note that thdeasibility of a meaningfigeographic extensiois strongly justified.

In practice, within eshape, we shall estimate theService Obtainable MarketsSOM for the
applications/pilots that are considered in the analysis of EO value for a given sector, by addressing
preciselygeographic extension.

2.3.2 Market Penetration

The cases analysed in SeBS but alsctheroactivities all share a common denominator: a very
committed primary user who can appreciate the value they receive because it enables them to deliver
increased value themselves (further down the chairijese primary users are the ones that typically
offer an entry point to a specific market for the service provider. But how many more such clients could
the service provider target? And what is a reasonable market share that either the specific cases or a
bouquet of similar services can capture?

These are the questions that characterise the market penetration perspectives. In this regard it is
important to observe that most of the E€ervices are offered to their users through widely spread
user interfaces (i.e. web services, smartphone apps).€this, in itself, means that such servicesld

have wider market potential. What is more, the back end of these services relies on the processing of
different sets of data (satellite observations, in situ, meteorological) which are typically provided a
a0FLtSd LYy (GKS ALISOATAO OFrasS 2F {SyilAayStasz (KS
certainly not restrictive for companies that want to serve multiple users simultaneously. Moreover,
thanks to the proliferation of automated workflgs, there is large growth potential. This may well be
supported by the recent rise of services (suclCagernicus DIABoffering cloud computing services
aySEG (2 GKS RI (al @dbserside PravisionitrBridKds hdt Bf TduBe necessarily
reduce the effort required by companies in business development and marketing of their solutions.
They do however facilitate reaching out to a wider pool of potential users.

In practice, withine-shape, we shall estimate the SOM for the applications/pilots that are considered
in the analysis of EO value for a given sector, by addressing preciselyntlaiket penetration
perspective.

3 See herehttps://www.copernicus.eu/en/accesdata/dias
e-shape
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24 5STAYAGAZ2Y 2F GUKNBIF Ra¢

EO is adopted by so many users in such a large and varyinigerof applications that it is extremely

difficult to estimate the true or total value it brings. As a result ofeit®rincreasingadoption and

FLILX AOIF GA2YZ 9hQa o0 SosSsEctoisand GeesyhisuclyadeSeachifgmaniner y OK | C
that to capture the almost fractal nature of its entire impact would be close to impossible. Instead, a
different approach has been chosen.

As already described in our approach to extrapolatisee(setion 2.2 abovg we are aking some

already well-defined data points from SeBS as starting points for our analgei will look at
AYGSNBaAdGAY3a GaGKNBIFRa¢ 2F GLtdzSd ¢KAA gAft KSE LI
within the context of natural capital and the environmentvithout attempting to capture the entirety

of the complex and continually evolving value it brinfsis is precisely the compromibetween the

G o 2 Gdeiey | yRR2 goyiie2 LB t dzS déisdibey ims&ctioh 221 We xaReyivell understood

micro-level cases, link and group them by application and then build a picture of various market
segmentsWe then takethesemarket segments asontributingd 6 dzA f RjAZy$3 20F 200K S 2 S NI f
and use them tdllustrate thepotential magnitude of the overall macilevel benefitsSome threads

will quantitatively illustrate value while others will qualitatively describe how value is added. This

G0 2 Gdeiy | LILINBIF OK (2 GKS |jdzl y i A Hiw méseRefap@cachd | f dzS
draws from realworld, well understood value, builds a strong and rational extrapolation model and

helps to convey the possibilities EO holds in a plausible and easily understandable way.

Understanding the Documenting the value BExtrapolating this
impact of an EO-based of a given EO-based value along selected
service across a value service along 6 threads

chain dimensions

Estimating overall
value

Variable Rate Fertilisation 2 _ _
Precision Viticulture ) oT Geographic Extension
CAP Compliance ' =T

etc.. - : _' Market Penetration

Figure2-3: Graphical representation of the approach ®valuate socio-economic value in eshape

For example, when using a thread to demonstrate economic benefits, we will begin with a specific
service or benefit for which we already have robust data on regarding its economic impact in a given
country or region. We will then extrapolate this threadr@gs geographic regions using market
penetration as a moderating factor to understand the potential value this particular application could
bring tonatural capital and the environmerat a macro level

When demonstrating the benefits associated with pautar societal or environmental threads, we will
draw from already well understood case studies to describe the potential value this thread could bring
at a macro level.

e-shape
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2.5 Choice of sectors

¢KS NBlaz2yAy3
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each report is to link as manyshape pilots back to the chosen sector as possible, thereby highlighting
the work of all 37 eshape pilots across the span of the three semt@nomic reports. For each of the

three reportsg S KI @S OKz2aSy

6asSOol2NE

2NJ AiKSYS¢ FTNRY

SeBS cases (to show the value EO has for the sector) and also wearariantary which links back
to each eshape showcase/pilot. As can be seen in the table below, theipléo cover each of the 7

e-shape showcases (and all pilots within) across all three reports

Socieeconomic report
secotrord U KSYS

SeBS case studies from which datq
will be extrapolated

Relevant eshape showcases

which can be linked throughou
the report

mad NBLRZNILY

2dNB L2 NI Y ¢
6SttoSAY:

MAKING WINE IN FRANCE
GROWING POTATOES IN BELGIUM
FARM MANAGEMENT SUPPORT IN POL

FARM MANAGEMENT SUPPORT IN
DENMARK

GRASSLAND MONITORING IN ESTONIA
WATERQUALITY MANAGEMENT IN
GERMANY

GROUND MOTION MONITORING IN
NORWAY

FLOOD MANAGEMENT IN IRELAND
AQUIFER MANAGEMENT IN SPAIN

SCX; Agriculture

SCZ; Health

SCZX Energy

SC& Water
SCg&; Disasters

NAVIGATION THROUGH-S8HAOFF
GREENLAND

WINTER NAVIGATION IN THE BALTIC
DEFORESTATION MONITORING FOR
SUSTAINABLE PALM OIL PRODUCTION

3 NSVLJQ ,NJj Y &b | WATER QUALITY MANAGEMENT IN
FyR GKS 8y ¢ GERMANY
GRASSLAND MONITORING IN ESTONIA
AQUIFER MANAGEMENT IN SPAIN

FORESTRY MANAGEMENSWREDEN

SC4; Ecosystem
SCT Climate

Table2-2: Choice of sectors across reports
la gAft 0SS SELXIAYSR Ay induSal capid dan@tbeleyvionndeSt O A 2 § =
allows for strong parallels to be drawn between the aims of tie | LIS LAt 2G4& FyR GKS !
Development Goals and Sendai Framework for Disaster Risk ReduEtienfollowing section
illustrates how EO can aithtural capital and the enrdanmentand describes some chosen threads of
value across the already discussed 6 dimensions of benefit.
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3 VALUE ADDED BEYOTONATURAICAPITAL AND THENVIRONMENT

3.1 How EO camid Natural Capital and the Environamt

Within e-shape, we hope to develop efféee solutionswhich cansustain our natural capital and
protect the environment But what exactly are thé/pes ofenvironmentalchallengeshat can be
addressed b¥{O?

Ecosystem and biodiversity monitorirgreenhouse gas emissiomonitoring, extreme we¢her events
and seasonal resource planniogn all beénformed byEO.In fact, EQanact as an important tool in
our collective mission adchiek y 3 (i KSBG1% Blihdte ActionSDG14; Life Below Wateand

SDGi1% LifeonLand & ¢ St f $SeadailFfrBewdrkfd® Bisaster Risk Reduction

3.1.1 Ecosystem monitoring

Ecosystendestruction is one of the biggest threats facing plants and animal sp@aaadthe world.
When weclearforests or landor the likes offarming, miningpr urbanization we are eliminating or
altering the conditions necessary for animals and plants to surwis@ch in turnnot only impacts
individual species bualsothe health of the global ecosysterithe problem is also not unigue to
terrestrial ecosystems, as coastal aseinlandvaters,and the ocean are also experiencing ecosystem
destruction.Pollution and effluents from the lanchntravel easily through streams and rivers to the
ocean, where they impact the health of fish, birds, and marine plants.

In the past, gegraphical coverageof data pertaining to ecosystem health was sparse and
measurement methods differedround the world. Moreovera lack of longeterm data made it
difficult to track trendsHowever thanks to EartfObservationwe cannow collect data reglarly, at
high resolutionand across vast arsa

Within e-shape several pilots are developing solutions directly addressingadially addressing this
dimension.Under theShowcasel ¢ Ecosystemthese include:

M Pilot 4.1c mySPACE
M Pilot 4.2c mySITE
i Piot 4.3c myVARIABLE

3.1.2 Climate and atmospheric monitoring

We can nonitorand predictOK I y3S&a Ay (KS dnpadoK @nospherigovditionS o6 I
By understanding the composition of greenhouse gases in our atmosphere weéeetivdy planand
respond to climate variationand extreme weather eventsEarthObsenation can provide us with
continuous and widespread datan changes to atmospheric composition ahdlp track pollutants,
which in turn allows us to inform governments and businessethe impacts of atmospheric pollution

on public health, the environment, and the economy.

Super resolution air quality monitoring service

Within e-sshape several pilots are developing solutions directly addressing, or partially addressing this
dimension.UnderShowcase’ - Climate these include:

9 Pilot 7.1c Global Carbon and Greenhouse Gas Emissions
1 Pilot 7.2- Urban resilience to extreme weatheClimate Service
1 Pilot 7.6- Super resolution air quality monitoring service
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https://sdgs.un.org/goals/goal13
https://sdgs.un.org/goals/goal14
https://sdgs.un.org/goals/goal15
https://www.undrr.org/implementing-sendai-framework/what-sendai-framework
https://e-shape.eu/index.php/showcases/pilot4-1-myspace
https://e-shape.eu/index.php/showcases/pilot4-2-mysite
https://e-shape.eu/index.php/showcases/pilot4-3-myvariable
https://e-shape.eu/index.php/showcases/pilot7-1-global-carbon-and-greenhouse-gas-emissions
https://e-shape.eu/index.php/showcases/pilot7-2-urban-resilience-to-extreme-weather-climate-service
https://e-shape.eu/index.php/showcases/pilot-7-6-super-resolution-air-quality-monitoring-service
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3.1.3 Seasonal preparedness

Information is a critical resource jilanning for seasonal weather conditions. Data regarding the timing
and extent of low temperatures in winter or high temperatures in summer can help regional
governments in planning for resource allocation. This information can also be used by private acto
to efficiently plan and prepare for potential disruptions to business operations. Earth Observation can
help by contributing to accurate forecasting of climactic conditions over vast areas, ensuring
stakeholders are best informed for potential issues.

Within e-shape,several pilots are developing solutions directly addressiig dimension.Under
Showcaser - Climate these include:

1 Pilot7.2- Urban resilience to extreme weatheclimate service
9 Pilot 7.3- Forestry conditions climate service

9 Pilot 7.4- Hydropower in show reservog climate service

91 Pilot 7.5- Seasonal preparedness
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https://e-shape.eu/index.php/showcases/pilot7-2-urban-resilience-to-extreme-weather-climate-service
https://e-shape.eu/index.php/showcases/pilot7-3-forestry-conditions-climate-service
https://e-shape.eu/index.php/showcases/pilot7-4-hydropower-in-snow-reservoir-climate-service
https://e-shape.eu/index.php/showcases/pilot7-5-seasonal-preparedness

C

3.2 Economic threads
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When it comes tahe impact ofEO imatural capital and the environmenthere is a plethora ofarying

case studies, impact assessments and scientific reseaggarding how EO data and EO
basedtechnologescan add valueAs a resultconducing an allencompassing, metanalysis of the

true value EO bring$o our ecosystems and environmeig a very complex if at all attainable
endeavour, and therefore goes beyond the scope of this publication. We can however try to shed light
on somevery important aspects afur natural environmenthat are aided through the use of EtBus
capturing a proportion of the overall value that EO can deliver. To thatwadvill take the approach
2F dzZAAYy3 GKS LINB DA 2 dza fo extradpdlaie Saina adlréaRy weliLkdsE&EdodR seal
world economic benefits from various SeBS case studies.

2T O

3.2.1 Understanding thempact of EO services across value chains

The table below is a summary of the SeBSesvhichinvolve a strongpatural capital or envonmental
protection dimension ¢Extrapolatablé* benefits from each case are listed aadgregated (where
applicable) to providaedata pointsregardingtotal value peryear stemming fromthe case specific
applicationof EOdata inits respectiveregion Given that most cases have many situational nuances
and uncertaintiesboth low and higtvalueestimates are provided

Natural
Capital/Environmental
dimension

Lowerfindingsof
value

Upperfindingsof

Specific enefit within
value

the case

Case study

DEFORESTATION
MONITORING FOR

SUSTAINABLE Monitoring andprotection

Ecosystem monitoring &

€19 million'year €33.6 milliorlyear

PALM OIL protection of forests
PRODUCTION

WATER Q L
WATER QUALITY Water resource Better water quality in

MANAGEMENT IN
GERMANY

GRASSLAND
MONITORING IN
ESTONIA

AQUIFER
MANAGEMENT IN

SPAIN

FORESTRY
MANAGEMENT IN
SWEDEN

monitoring & protection lakes

Maintenance and
protection of grasslands fot
biodiversity

Ecosystem monitoring &
protection

Water resource
monitoring & protection

Monitoring andprotection
of aquifers

Ecosystem monitoring &
protection

Monitoring and protection
of forests

4

. @ GSEGNYLREIGFOE S¢
assume that when app@d in a different geographic location, a similar benefit would be achieved.

S YSIy

0K

€4 million'year

€103,000year

€31.7 milliorlyear

€16 million'year

iKS

5 https://earsc.org/sebs/deforestationmonitoring-for-sustainablepalm-oil-production/

6 https://earsc.org/sebs/alcases/waterquality-managemenin-germany/

7 https://earsc.org/sebs/grasslanchonitoringin-estonia/

8 https://earsc.org/sebs/aquifetmanagemendin-spain/

9 https://earsc.org/sebs/forestrymanagementin-sweden/
e-shape
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€7.8 millionfyear

€1.1 milliorfyear

€71.8 milliorlyear

€21.5 milliorlyear

Table3-1: Summary of extrapolatable benefits from SeBS cases
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https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/all-cases/water-quality-management-in-germany/
https://earsc.org/sebs/all-cases/water-quality-management-in-germany/
https://earsc.org/sebs/all-cases/water-quality-management-in-germany/
https://earsc.org/sebs/grassland-monitoring-in-estonia/
https://earsc.org/sebs/grassland-monitoring-in-estonia/
https://earsc.org/sebs/grassland-monitoring-in-estonia/
https://earsc.org/sebs/aquifer-management-in-spain/
https://earsc.org/sebs/aquifer-management-in-spain/
https://earsc.org/sebs/aquifer-management-in-spain/
https://earsc.org/sebs/forestry-management-in-sweden/
https://earsc.org/sebs/forestry-management-in-sweden/
https://earsc.org/sebs/forestry-management-in-sweden/
https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/all-cases/water-quality-management-in-germany/
https://earsc.org/sebs/grassland-monitoring-in-estonia/
https://earsc.org/sebs/aquifer-management-in-spain/
https://earsc.org/sebs/forestry-management-in-sweden/
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3.2.2 Extrapolating the data

The next step is to saiur extrapolation parameters, based on geographic extenstearly EO is
almost uniquely positioned in iegpplicahlity to huge geographic extension, however, for the purposes
of this documentgeographiextrapolation is limited to the EQ7.

The value alculated at the national level of each of the selected SeBS cases will be extrapolated to
other countries, based on relative magnitudes (see bullet points beldway. example, to
geographically extrapolate the benefits associated with grassland monitamifigstonia, grassland
cover data sets across Europe have been consulfiedeoverwhen it comes to extrapolating benefits
relating to forestry management in Sweden, forest cover data sets across Europe have to be used

1 Water Quality Management in German Lake surface area per couniiiyn?)

1 Grassland Monitoring in Estonidrassland surface area per country gkm

1 Aquifer Management in SpairEresh groundwater abstraction per country (milliod)
1 Forestry Management in Swedefforestsurface area per country (Kin

Note: For theDeforestation Monitoring for Sustainable Palm Oil Producti@ase,the figures will
remainas is and not extrapolated #sis caseconcerrs a commodity not cultivated in tHeU (i.e., palm
oil) and the case is based halaysia and Indonesisherefore extrapolation across the EU23 not
relevant

Thefollowing tableshows the extrapolation data used in our calculatidPkease note Not all fresh
groundwaterdata was available

Country Lake(sklri]r:;allge area FOEE::Z;?ver Gras(ilna:?)clizcover gro:rzg\?vgter
(million m3)t3
Belgium 340 8113 8,633 -
Bulgaria 1271 48915 16,352 561.73
Czechia 978 30234 15,879 359.3
Denmark 596 8587 8,446 707.82
Germany 6140 123766 74,218 -
Estonia 2185 26277 7,339 229.09
Ireland 1480 9882 40,334 -
Greece 1731 53005 18,224 6228.35
Spain 5209 175161 64,021 -
France 6835 181930 135,161 -
Croatia 470 27226 9,834 425.3
Italy 5382 106337 49,568 -
Cyprus 33 2224 1,012 135
Latvia 1960 35326 13,489 87.28
Lithuania 1657 25504 14,329 162.74
Luxembourg 15 904 853 22.99

10 hitps://ec.europa.eu/eurostat/databrowser/view/LAN_LCV_OVW__custom_2182909/default/table?lang=en

11 https://ec.europa.eu/eurostat/statistics
explained/index.php?title=Land cover_statistics#Land cover in_the EU bklei@tates

12 https://ec.europa.eu/eurostat/statistics
explained/index.php?title=Land cover_statistics#Land_cover in_the EU bklei@tates

13 https://ec.europa.eu/eurostat/databrowser/view/ten00002/default/table?lang=en
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https://ec.europa.eu/eurostat/databrowser/view/LAN_LCV_OVW__custom_2182909/default/table?lang=en
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Land_cover_statistics#Land_cover_in_the_EU_Member_States
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Land_cover_statistics#Land_cover_in_the_EU_Member_States
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Land_cover_statistics#Land_cover_in_the_EU_Member_States
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Land_cover_statistics#Land_cover_in_the_EU_Member_States
https://ec.europa.eu/eurostat/databrowser/view/ten00002/default/table?lang=en
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Hungary 1767 24848 16,279 606.88
Malta 4 12 59 37.94
Netherlands 3758 5637 13,031
Austria 1505 36301 20,266
Poland 5561 114590 64,510 2550.3
Portugal 1626 34496 14,092
Romania 3735 81339 54,598 705
Slovenia 108 12708 3,601 187.73
Slovakia 481 22437 8,634 338.7
Finland 36323 220637 19,552
Sweden 39798 279329 24,821

Table3-2: Extrapolation parameters

Taking all data points and extrapolation parameters into accothré following table displays the

resultsof our calculation$or potential added value of EOselectednatural capital and environmental
monitoring/protection applications across the ElWmust be noted thatlue to the generalisations and
assumptions madehe rangeof value igelativelylarge However, due tohe fact that all estimates of

potential value are regarded as conservative, the values in the following table help to cbyoegers

of magnitude) just how impactful EO could be laNR § SOG A2y 2F 9dzNRBLISQa Sy g,
capital The figuresb&@ ¢ OFl'y 06S GK2dzZaK&G 2F € 26SN) ' yR dzLILISNI ¢
al Nl Sdié¢ o0¢!la0 F2NJGKS SINIK 20aSNBIFGA2Y | LILX AOF

Lower estimate of value Upper estimate of value

Water resourceprotection

(Extrapolatedfrom Germany and € HHMZnpHZNG € nNpHzcycxcl
Spain cases)

Terrestrial ecosystem protection

(Extrapolatedrom: Forests- € MHCEIMdCcIAp € 271,607,429/year
Palm oil & Swedish cases,

Grasslands Estonian case)

Table3-3: Potentials forthreads ofEO added value inatural capital and environmental protection
applications

It is clear from thevalues presented above that EO holds huge pronmsprotecting our natural

resources, ecosystems, and the environment 9 Sy (G KS 02y a SNIDBS6milws f 26 SN
per yearis a significant benefit to theitizens and societgf the EU. Within the context of this study,

0 K 856 million per year added value is considered an absolute minimum, with real added value
certainly higherinpracticé. & OF'y 6S aSSy> (KS dzuedsiNonSeariThiy' G S 2 7
figure isquite staggering and stands as a testament to the efficacy and potential far 8&ivering

both economic value angrotecting our environment

'3FAYZ GKS FTAIdNBa 620S NBLINBaSyid 2yfeée az2y$sS aikK
the implementation of EGn environmental protectiorapplications Thesethreads represenpnly a

portion of how EO caaddvalue with there beingmanyother parallelthreads whose economic value

are not captured within this reportFor example, we have not included the economic benefits
associated withthe likes of improved air qualityreduced greenhouse gas emissiqrs protection

of aquatic ecosystemstc. Ratherthan attempting to truly quantify the impact of EO ithe domains
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of environmental and natural capitalprotection, by simply taking a small number of robust data
points from wellestablished realworld applications the narrative abovegives an ideaf just some
of the efficacy and possibilitieswith regards toEOas well as conveyingust how pervasiveand
impactful it can be

3.3 Environmental thread

The following sections provide a detailed view on the various environmental benefits in the SeBS cases
and how these intersect with environmental benefits efleape pilots.

3.3.1 Ecosystem monitoring

Traditionally, data on parameters related to ecosystem himtliversity health was collected almost
exclusively through osite observations. However, with EO, both public and private entities are now
developing extremely innovative applications thank to its ability to assess quantifiable parameters on
land and inwater, and to detect when an imbalance in these parameters can inflict damage on the
local flora and fauna. Notable examples of such applications arfdkhBiodiversity Lalwhich provides

EO data to put nate at the centre of sustainable development, t&&) Soil Observatanaiming to
develop a soil health database, and tNatura 2000 Land Cover produecheant to help assess the
effectiveness of measures taken to protect specific grasstanndsites.

Satellite observations support the efforts of maintaining natural habitats andiveesity through
detection of environmental issuesn landsuch asdeforestation, grassland destruction or peatland
destruction and the likes diarmful algae bloom& water bodies EO based monitoring guidése
likes ofgovernmentsand responsible stadholders in detecting ecosystem damage or destruction and
putting in place measures to fight against it

The EO for Biodiversity Value Chain A

GEOSPATIAL NEEDS

Increasing need for EO data on
biodiversity and ecosystems

0‘ Potential for increased spatiotemporal resolution
. and integration of satellite with in situ data

Effective monitoring of progress towards goals of

EO data used to develop indicators/products
to monitor ecosystems and biodiversity

7Y

POLICY CONTEXT AW
International and EU policies establishing a

global biodiversity framework

biodiversity policy frameworks and relevant SDGs STAKEHOLDERS INVOLVED
o UN, COP, European Union
o DG ENV, Copernicus services
Halt and reverse biodiversity loss, restoring .
nature at global, regional and local levels : Copernicus services, JRC, EUROSTAT, EEA,

Member States, DG ENV

Figure3-1: The EO for biodiversity value chéth

14 https://knowledge4policy.ec.europa.eu/earthbservation/earthobservationsbiodiversity _en
e-shape

18


https://unbiodiversitylab.org/
https://joint-research-centre.ec.europa.eu/eu-soil-observatory-euso_en
https://www.eea.europa.eu/data-and-maps/dashboards/natura-2000-data-viewer/
https://knowledge4policy.ec.europa.eu/earth-observation/earth-observations-biodiversity_en
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Many of our natural ecosystems also need togretected through government actioss discussed
in the analyses of the relevant SeBS cases Deforestation Monitoring for Sustainable Palm Oil
Produdion, Grassland Monitoring in Estoniaake Water Quality Management in Germaauyd
Forestry Management in SwedgtEO helps to improve the monitoringhiblogically diverse habitats
and ecosystems, ultimately aiding in their protection

Pilot 4.1¢ mySPACHiIlot 4.2¢ mySITE&nd Pilot 4.3¢ myVARIABL&re working both separately and
together to develop ecosystem monitoring products. These inctad®te sensingbasedinformation

for the management of selected Protected Areas and environmental assessment in benchmark
ecosystemand acommon registry will be in form of a wdimsed platformwhich will integrate over

1000 sitebased insitu measurementsthat will be the basis for any loAgrm and largescale
ecosystem assessment.

3.3.2 Climate and atmospheric monitoring

Whenit comes to climate and atmospheric monitoring, there actually have not been any SeBS cases
completed yet, however, there is an upcomingse on Air Quality Monitoring in Latvia, due to be
published soon. The-ghape pilots, on the other hand, have a plethora of climate and atmospheric
monitoring applications.

For instancePilot 7.6- super resolution air quality monitoringerviceaims to improve air quality
monitoring at largePilot 7.1- Global Carbon and Greenhouse Gas Emisssatesveloping products to

support theGlobal Carbon Projeethich studies theintegrated picture of the carbon cycle and other
interacting biogeochemical cycles, including biophysical and human dimensions and their interactions
and feedbacks. It contributes to the endeavours of UNFCCC, IPCC, GCOS, GEO by annual publication of
the Qobal Carbon Budget (GCB) which has been established as one of the most prominent services to
climate policy.

Similarly, when it comes tatmospheric monitoringthe Copernicus Atmosphere Monitoring Service
and commercial platforms such @srQastare some examplesf innovative ways in which we can
monitor how our atmosphere is changing

Throughout the development of this report we have taken time to interviewess\pilots to produce
short case stuigson the overall benefit@ssociated with their activitiesSee case study relating to
Pilot 7.4- Hydropower in snow reservoic_climate servicén the box below Through its optimisation

of hydroelectric power planning, one of the many benefits associated with this pilot is its contribution
to the reduction of greenhouse gas emissions associated with othnersfof energy production.
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https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/deforestation-monitoring-for-sustainable-palm-oil-production/
https://earsc.org/sebs/grassland-monitoring-in-estonia/
https://earsc.org/sebs/wp-content/uploads/2021/06/Water-Quality-Management-in-Germany-final-1.pdf
https://earsc.org/sebs/forestry-management-in-sweden/
https://e-shape.eu/index.php/showcases/pilot4-1-myspace
https://e-shape.eu/index.php/showcases/pilot4-2-mysite
https://e-shape.eu/index.php/showcases/pilot4-3-myvariable
https://e-shape.eu/index.php/showcases/pilot-7-6-super-resolution-air-quality-monitoring-service
https://e-shape.eu/index.php/showcases/pilot7-1-global-carbon-and-greenhouse-gas-emissions
https://www.globalcarbonproject.org/
https://atmosphere.copernicus.eu/
http://airqast.com/#/
https://e-shape.eu/index.php/showcases/pilot7-4-hydropower-in-snow-reservoir-climate-service
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Pilot 7.4- Hydropower in Snow Reservog Climate Service

In most basins in Scandinavia and Finland, more than 50% of the annual precipitation falls ¢
Errors in snowmelt timing and melt raggmulations are one of the largest sources of stream 1
prediction errors in snowmeltlominated watersheds. Thus, snow storage and melting pel
have a significant impact on hydropower production reservoirs. Forecasts of reservoir inflc
energy prces are used to schedule the quantity and timing of releases for daily, weekl
seasonal operations.

This pilot service focuses on producing hydrological forecasts for a hydropower company (K
Qy) operating in Northern Finland. A particular fecsiplaced on snow reservoir energy poter
forecasting. The key diagnostics are reservoir inflow and snow reservoir energy potential,
together with other factors is a measure of stored hydropower potential. Reduction of
snowmelt driven flod risks through more reliable hydrological nowcasts and forecasts
increasing the endiser's situational awareness and understanding of uncertainties
consequently providing a basis for optimization of hydropower operations. The outcome a
bridge the gap between forecast providers and forecast end users by seeking solutions to |
barriers for information dissemination, application, and utilisation.

O 4 Better forecasting of Fairer energy prices
. Free and openl reservoir volumes / / Reduced likelihood
;\Q Services/ available sa'::IIitve Protection of water 1o OeTE PE of flooding /
= Benefits N resources and Protection of water
Imagery preparation for resources &
flooding ecosystems
I D E—
Primary Users: )
. A Kemijoki Oy / a0
Beneficiaries semci::"'der' Energy companies / Industrial actors Citizens & Society  (/ \I _ﬂ.‘l [
Public Water w i

Resource Managers

Currently modelling and forecasting of snowmelt timing and melt rate uncertainties stem
uncertainties in model forcing data. The lack of widely available and reliable forcing data re
widespread application of more complex models, particularly in operational stream flow prec
systems. EO based snow state ingestion and commuoicafith end users will be used to addre
these limitations. Ingestion of Earth Observation based snow observations into hydro
models will significantly reduce hydrological model snowpack simulation uncertainties. The
EO based snow observati® offer two main types of advantages:

1 EO based snow observations are independent from point scale observations (usual
to drive hydrological modelgnd can be used to validate each other.

9 They provide basin wide information and data on the stat¢he snowpack as opposed
point scale observations.

This pilot aims talecreag the vulnerability of energy companies to variations in meteorolog
and hydrological conditions through improved seasonal forecast prodescriptions of the
primarydimensions of benefit are given below.
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Economic

* Better forecasting of hydroelectric energy potentials leading to more
efficient business operations and optimised energy pricing

Enironmental

* Optimised energy management - hyroelectrical energy being used
preferentially over coal/nuclear

* Use of EO data to validate stream flow point measurements has led to improved
algorithms and analysis techniques

Societal

* Reduced risk of flooding

3.4 Regulatorythreads

3.4.1 Ecosystem monitoring

The European Union has put forward its ambiti@®isdiversity Strategy for 203@hichisanambitious

plan to protect nature and reverse the degradation of ecosystems. The strategy aims to put Europe's
biodiversity on gath to recovery by 2030y promoting the adoption of a global pe2020 biodiversity
framework under theConvention on Biological Diversifthe Biodiversity Strategy is seerncase part

of the European Green Deal

In the context of the Bdiversity Strategy for 2030, the EU aims to establish protected areas thraler
Natura 2000nitiative for at least 30% of land and sea in Europe. Natura 2000 is the largest coordinated
network of protected areas in the world. It offers a haven to Europe's most valuable and threatened
species and habitat&£0 an play a huge role in contributing to thisy exampleproducts and tools

such as the Copernicusand Monitoring Service (CLMS), the Climate Change Service (C3S) and the
Marine Service (CMEMS&]) contribute to monitoring changes in ecosystems and biediity loss As
already mentioned, under th€LMS has developed a dedicatéatura2000 producto help monitor
protected areas by mapping land cover and use in ¢b&ected sites and producing comparative
analyses of the time series of the product that show the effectiveneddatfira 2000as a legal
protection. Moreover, the EU Biodiversity Strategy calls for the establishment of an international
natural capital acgunting initiative, which the EU is developing through the Knowledge Innovation
Project on Integrated Natural Capital Accountii¢R INCmaking use of data @tosystems services

and conditions derived also from remegensing information.
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https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en
https://www.cbd.int/
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/environment/nature/natura2000/index_en.htm
https://www.eea.europa.eu/data-and-maps/dashboards/natura-2000-data-viewer/
https://ec.europa.eu/environment/nature/capital_accounting/index_en.htm




























