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1 Introduction

The goal of this deliverable is to identify and define a set of environmental indicators or metrics which
can be deduced using Earth Observation (EO) means to address the priorities laid out by the Common
Agricultural Policy (CAP) of the European Unior).(Eie use of EO enables the laspale processing

and analysis of the large agricultural areas that may be found across the EU. In essence, the idea is to
identify layers of highevel information (the metrics) which woulguantify the effect ofthe mult-

faceted functionalities of the agricultural fields. This information may be readily available as e.g. part
of the Copernicus progamme or ingested into the Global Earth Observation System of Systems
(GEOSS) platforas part of other research efforter may be derived from the combination of satellite
imagery and irsitu data using proven methodologies. In any case, in the next steps of the project
these layers of information will be appropriately combined and visualized in the Environmental
Performance Tol to assist in thenvironmentalmonitoring and associatechecks of the CAP.

1.1 Contextand Background

The main findings from thEuropean 2 Y Y A a @Q@yblicransultatioh held in 2017, concluded
that the majority of theenvironmental challengeghat where designated for achievement khe
previousCAR have not beersufficientlymet. Hence, agriculturen EU27 remainsamong the major
drivers of negative impacts on the environment. Among the points with greatercern the
agricultural sector causes more than 10% of the total greenhouse gas emissitires Baropean
territory, almost 44% of total water withdrawals (with higher rates in wetearce Mediterranean
countries; FAO, 201@&ndis a driver forsoil erosion Euopean Environment AgendiEEA)202F).
Consequently, the loss &U biodiversity has acceleratedgicating that EU is not on track to halt the
biodiversity loss and the ecosystem services degradation by (2A, 2020

This startling information alone was enough the ECto re-alignthe CARR & 2 6 203:fidiehtld S &
reflect the environmental challenges that the Union faces, without overlooking necessary support for
farming community as well as strengthening rural widopment. This will entail a profound
transformation. At the same time, the paying agencies and respective national or regional
governments will need to showcase and bring proof of a tangible positive environmental impact of

the payments, as was strongipted by the indepndent review of a recerneport from the European

Court of AuditorsECA2019). In the latter, the CAP wasiticizedin that current measures are yet to

prove a real increase in environmental improvementhis is also highlighted by recent studies
(Solazzet al., 2016) Thesame haglsod SSy | R@20lF 4GSR o6& 9/ 2BupduOAl f a o
- Policy Officer for Agriculture at the Epean Environmental Bureduwith so much European
GFELI @SNEBEQ Y2ySé o0SAy3a &Ly i untapility Tolensdfe thdlcasNiSy (1 & =
supporting farmers to produce safe and healthy food in a way that works in harmony with the
environment and not againstéitd) @ Ly (i Kalfiist steQdavhrdsRating the CAP after 2020,

the Commissiowledicated three of the nine general objectivésthe regulationEC, 2018, towards
reinfordngtl KS /! t Q antalSyd@limhi® perioBnance, as those highlightedrmtudinga set

1 https://ec.europa.eu/info/consultations/modernisingnd-simplifyingcommonagriculturat
policyhttps://ec.europa.eu/info/consultations/modernisirgnd-simplifyingcommonagriculturatpolicy
2 hitps://www.eea.europa.eu/publications/soe2020

3 hitps://eur-lex.europa.eu/legatontent/EN/TXT/PDF/2uri=CELEX:52018AA0007&rid=1

4 https://eur-lex.europa.eu/resource.html?uri=cellar:aa85fa5a011e8ab9c
0laa75ed71a1.0003.02/DOC_1&format=PDF
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of prioritiesto i) protect biodiversity, ii)foster sustainable us of natural resourcesnd iii)contribute
to climate changemitigation and adaptation

In that direction, he ongoingosmosis amongst poliapakers (EU policy Directorat&eneral and
beyond) confirmed the growing interest, trust and utilizatiorrelated data and information as a

key for evaluating compliance with policies in fore@ means have demonstrated their capacities to
monitor the planeR & S O 2 énéegjulabinfaiivalsas shown by e.g. the Copernicus programfe.
common need identified across recent effqristo translate the policy requirements into EO system
requirementsand promote adoption of EO technologies for the attainment of #mvironmental
policy makindAnderson et al., 20)7Twentyyears ago, environmental poliegaking often relied on
anecdotal eddence andexpert opinion. Nowadays, the world has entered a new era of ddtaven
environmental policymaking, since national entities are increasingly being asked to explain their
performance on natural resource management challenges with referencedntigative metrics and

bring proof of a tangible positive environmental impact of the payments. Two decades of progress on
data-driven policymaking has shifted the global agenda toward a much greater emphasis on scientific
analysis and robust metrics. Shirend has beenculminated with the adoption othe Sustainable
Development GoaléSDGs)underpinned bya set ofquantitative targets.

To do so, national entities need to enhareevironmentalsector diagnostics, development indicators,
programme monitoring and service delivery. This requires access to unbiased quantified information
at a large scalédn this contextEO is an irreplaceabtool that provideswvide coveragehigh quality

and unbiased data on the physical, chemical and biologioakesse®f our planet. Consequent§EO
technologies are contributing and have the potential to contribute moreghe need to provide
information services(Kavvada et al., 2020A more EO data-driven and empirical approach to
environmental protection promises to make it easier to spot problems, track trends, highlight policy
successes and failuremd optimize the gains from investments in environmental protectitinis
noteworthy that, he domain of E@priven environmental monitoring in terms of data and services is
currently undergoing a significant shift. Undoubtedly, EO is closely intertwined with the fourth
industrial revolution, since it is being driven by emerging technologiesasdgeplearningandcloud
computing (Yao et al, 2020Furthermore, the forthcoming increase in spdmsed missions covering
different spectral domains anttigher resolution dat#in terms of both spatial and spectral resolution)
provided by commercial provideoffering new data, resultsin a massive incese of E®ig data. All

of this and much more enter the environmental decisioaking in a new era; redefining the very
meaning of what the future holds for Eivenenvironmentalmonitoring.

In that context, and since the launchthie previous CAP, aide range of activities promoting EO as

a key enabler for services in supportafmpliance monitorindhave been carried out. These range

from EU projects (e.RECAP, to ESAunded pojects (e.gSen4CAPand largescale demonstrators

under the NIVA Whilst these activities have made great stedewards developing technological

solutions (e.g. validated algorithms, products, workflows and best practices) to gradually substitute
W2athe-spotOKSO01 4Q dA 0K | &e a i &vnED T he bsdaf BOrtd exta® tar@ikls O1 & ¢
environmental impact performance metrics by paying agencies in Europe is still not adequately taken

up or is completely lackingrhis is partly because information integration at a scale sufficient to
support the envionmental assessment of CAP performant@as until now been difficult and
expensive to setup and rurAdoption has been further hindered by long established practices,
multifaceted regulatory requirements and lack of trust. Also, until now developments bege
RNRAOSY o0& GKS aO0OASYGATAO Ayl SNDaG atragsdisciRihafyT SNB y i
research.This creates overlapping technology solutions, with a limited potential to contributieeto
implementation of an environental perfamance tool able to deplogt national level
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1.2 Common Agricultural PoliayBeneficiary and Driver of Earth
Observation Solutions

EUcounties have f £ 2 OF G4 SR Gékféheininton2 sOepar(3iKtb dikEct green paymerits

offering to paying agecies the jurisdiction, capacity and resources to allocate payments and monitor

the compliance process. In this context, the Commission's Direct@ateeral for Agriculture and

Rural Development (DG AGRI) is considered as a main user of remotely seapeny idata and the

utilization of EO data products seems mature, for more than a ded@tli@ow, within the context of

G/ KSO1a oA0K wSY23(GS {SyaAy3dés OSNR KAIK NBaz2f dzi’
across the paying agencies of EUgdary out checks for arehased CAP payments.

The aforementioned could serve as a basis for additionadifs@n services further facilitating the
RAGAGIHEATEFOGA2Y 2F GKS /!tod 9h RFEGF gAft 06S YI az
moving towards continuous monitoring and reporting, rattiean spot checks of agricultural land in
Europe,enhancing thdntegrated Administration and Control Syst€lAC$and making it more cost

efficient As an additional step forward, Copernicus data and relevant services information (e.g.
Copernicus Land Monitoring Senj)eell also be utilized to improve the environmental performance

of farms, through systems such as the propogedm Sustainability Tool and Platfgrmhich can
supplementary support both environmental compliance measures and relevant commitments. It has

been argued that the actual environmental objectives are defined in a genericnenaand are

measured with quantitative technical parameters at national lav&d { 8 NNR | YR .a | NJj dzi N
This creates gorecedent and testament to the applicability of EO data in contributing to
environmental objectives compatible with the mandatory standards (stgndards on good

agricultural and environmental condition of lan@AECS. Therefore, to support more resuttriven,

feasible and adequate reporting processes, there is a need to evolve from merely monitoring EO

based indicators to wpntitative and multidimensional environmental assessment and monitoring
frameworks. In this context, monitoring and assessment systBidst G SR G2 /1t Qa Sy
performance should move forward in order to evaluate ldagn effects and sustainability outcomes

(Fischer and Wagner, 2018)his will also contribute to the alleviation of tharious reactions related

to the oftenunambitious nature of CAP targets9 1 @ SNNR | Y R .aSucNR taAnditBni = H A m
requires to be supported by practices based on scientific evidence built on quantitative, -spatio
temporally distributed monitoring assessmetfigerschuuren, 2018Jor instance, ith the new CAP,
environmental imlicators monitoring progress towards targets can be developed using Copernicus

data. Smart use of combined technologies, with high revisit Sentsiaéddlite data (1, 2, 3, 5P) the

LPIS, government tools and novéh-situ sensors (incl. handheld) wallow a move towards a year

round monitoring of the environmental footprint of the agricultural activities.

1.3 Purpose of the report

The overarching objective of the current report is to preseabmprehensive approachased on the
provision of a set alecommendations for solid and measurable indicatoxéth a focus on addressing
environment and climate priorities within the framework of CAP implementation. This is done by
weighing in the readiness and maturity of existing -@®mvironmental indicatorsrad essential climate
variables, laying out E@iven methodologies for uo-date and valid monitoring and paving the

Shttps://ec.europa.eulinfo/foodfarmingfisheries/keypolicies/commonagriculturatpolicy/income
support/greening_en#:ext=Through%20greening%2C%20the%20European%20Union,income%20support%20t0%20%22

greening%22.
Shttps://marswiki.jrc.ec.europa.euhikicap/index.php/Good Agricultural_and Environmental Conditions %28GAEC%29
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ground for the development of a machine learning inferencing systexrnwill be deployed on larger
scales

In section 2 we define thmain CAP objectives related to the environmdraad clinate issues and

we introduce the goabased approach to guide the determination of Essential Variglid$s) and
relevant indicators. Inestion 3, we discuss different aspects of the EO ecosystewhioh DIONE
operates in order to support the implementation of the EO driven monitorifigen, we itroduce the

EV concept and reviews relevant work of this concept to different domains to select the most
appropriate. Finallywe provide a synthetic desgption, for eachindicator thatis complemented by
definitions, measurement methods, a summary of the current state of play and context needed to
interpretit correctly.In section 4, we summarize the findings and we provide initial ideas to efficiently
combine this wealth of information to support EO driven environmental assessment of the new CAP.
In the last section (5), we provide a short summary of the current work.
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2 Methodology

The future CAP will play a fundamental role in developing a fully sustainable agricultural sector that
supports environmental care and climate change as indicated by the recently adopted objdeatives.

an EGdriven environmental assessment of CAP perfarog it is necessary to translate the B&a

into actionable] y2 6f SRISI 6 KA OK -@rvifoimentaindidaiord. bviously, hére | 3 NJA
Ad y2 aAy3aftS AYRAOFG2N) g6KAOK O2dzZ R dzyl Yo A 3dz2 dza
Monitoring effortsare nevertheless feasible when considering a set of variables in combination, given

that they are measurable, compatible and faithful in capturing trends that are comparable within the
European territory.

2.1 The environmental objectives of the future CAP

Agricultural productivity, climate change and natural resources form a mutually interdependent
nexus, in which changes in one area have direct consequences for others. For instance, the Climate
Smart Agriculture concept of the United Nations Food and Aluie Organization (FAO) places
emphasis on the fact that higher sustainability is required; particularly while increasing productivity
and improving the soil nutrient content and eliminating the negative consequences on water quality
(Lipper et al., 2014)Thus, a deeper understanding and continuous monitoring of this nexus is needed
to provide the informed and transparetamework required to meet increasing resource demands
and pressures, without compromising sustainability.

Considering the envisaged muditinctionality of the EER7 agricultural sector and its direct
relationship with the environment, CAP plays a centodé in reducing the negative impact of our
agricultural practices wherever possible in the complete spectrum of thf@aplisector. In addition,
other core EU Directives (Water Framework Directive, Nitrate Directive and Groundwater Directive),
Climate @ange Protocols (Kyoto, etc.) and t8eil Thematic Strategget the framework upon which
optimization of agricultural production should balance out negative environmental pressures. It
should be mentioned that the EU has often been acted as a primer@aniniplementation of
environmental measures, starting from the Environmental Policy Integration in 1993 up to the recent
common monitoring and evaluation framewdr{CMEF) in order to assess the performance of the
CAP and improve its efficiency (includihg environmental direction). During this period, the CAP has
widened its aims from modernization of the agricultural sector to the development of a fully
sustainable agriculturagector that supports environmental care and climate change mitigation
actionrs among othersThis is also being highlighted by recent studiest suggest a ralignment of

the objectives of variousectorialpolicies to enhance natural resources managen{&almoral et al.,
2017) This will suport the EU27 aspirationto deliver a higher level of environmental and climate
action by the promotion of practices and standards for mitigating and adapting to climate change;
addressing water challenges; soil protection and quality; land managemedt;pestection and
guality of biodiversity.

The 2017 public consultation stressed the need for a stronger CAP action in addressing climate change,
unsustainable management of natural resources (e.g., water, soil, and air), and loss of biodiversity and
landscapes EC, 201%. The European Commission included these priorities in the regulation for the
CAP 20242027 by dedicating three of the nine general objectives to these is&i@s2019, in the

7 hitps://ec.europa.eu/info/foodfarmingfisheries/keypolicies/commonragriculturatpolicy/cmef_en

8 hitps://ec.europa.eulinfo/sites/info/files/foodfarmingfisheries/key policies/documents/summapublic-consut
modernisingsimplifyingcap 2017 en.pdf

9 https://eur-lex.europa.eu/resource.html?uri=cellar:aa85fa85a0-11e8ab9c
0laa75ed71a1.0003.02/DOC_1&formaBF
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attempt to address to the environmentahallenges set by SDGs, the Paris agreements on climate
change, and Aichi convention of biodiversBC( 2018). In that regard, the scientific research on CAP
should thus adopt a mukgriteria and systemic approach in order to detect conflicts and igjes
between different environmental dimensions (e.g., climate change, biodiversity conservation and

water and soil management).

TR wsvE:

(/1
Biodiversity and
resources landscapes

L —— — =

Figurel: Selected CAP specific objectives related to environment and climate
2.2 The goalbased aproach to CARNnvironmental objectives

We introduce here a complementary approach to the assessment of CAP environmental performance
denoted as Goal Based Approach (G&Aintroduced bylag and JuleBlag(2020) It starts with the
agreedupon environmental priorities and determines those variables that are essential for the
development of knowledge and the monitoring of progress towards these environmental goals by
considering the current feasibility of obsergithese variables with EO and geospatial information
data. Recent efforts have been made to apply the concept of EVs to the challenge of environmental
monitoring and reporting. A relevant example is illustratedR&yers et al. (201,/yvhere they applied

a set of EVs within the framework of the implementation and monitoring of SDGs. Here, we extend
the EV concept to environmentah® objectivesHigurel).

In the light of the above, DIONE is following an approach by introducing the concept of EVs, as an
intermediate value between environmental CAP Goals and their appropriatenaisms (data
sources). Indeed, DIONE proposed the implementation ofiservations> EVs #ndicators>Policy
Goalsworkflows fFigure2). Once established, this predure will be ready to be replicated for relevant
entities or stakeholders by lifting the barriers from data to knowledge contributing to a spegued
implementation of the environmental assessment of CAP.

Goal «
. " Indicator -
» T+ Essential Variables +
> Observations
Sustainable ‘\ il carb
management of natural < '\
\ —
A Y Wind speed / direction
M T
- | sumtareas |
— I

Figure2: Goal based approactiinks between CAP environmergahlsincluding the corresponding indicataed EVs
that can be derived from EO

10 htps://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:52018AR1019&from=EN
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3 Setting the scene

3.1 The role of international initiatives and DIONE in environmental
monitoring and reporting

The EC gathers environmental statistics as bases for an informed andlrdeta CAP Aark
environmental indicators Although the development and maintenance of these datasets are a
collaborative effort among several European Directorates and organizations with a strong mandate in
the environmental sector (e.g. EEA), they fail to capture spatial variations due to the coatséarso

of the underlying data, as well as an actual representation of the current state since they are based
on historical data archives. Several other data sets of interest are available from international
organizations (e.g. International Soil Refereand Information Centre, ISRIC). For instance, the world
soil database is available at a 1 km resolution, which has integrated existing regional and national soil
data sets (including Soil Organic Carbon, SOC), many of which are available from the V&R, Ho
this spatial product has been criticized for its coarse resolution and the fact that it does not represent
the current soil condition but rather combines existing soil data sets from different time periods and
of differing quality(Grunwald et al., 2011)

In the absence of, or as a complement to European data, DIONE strongly advocatsstimental

and regional data sets must be contextualized with information at the national andatidnal level.

The most common approach involves the use of-Biieed data to assess the accuracy of the-sub
indicators derived from EO and gspatial inbrmation. Another approach uses sibased data to
calibrate and validate EO indices and measures where the remote sensing variable is used to predict
the same biophysical variable on the ground. A-methods approach, which makes use of multiple
sourcesf information and combines quantitative and qualitative data, can also be used.

Quiality, accessible, timely and reliable data will be needed to help with the measurement of progress
towards many of the CAP indicators. It should be mentioned that datardodmation from existing
reporting mechanisms (JRC, EEA) should be used where possible. Monitoring approaches should build
on existing platforms and processes, and minimize the reporting burden on national administrations
by exploiting the contribution tdoe made by a wide range of data, including Earth observation and
geospatial information. However, the ability to collect, storage and process multimodal EO data is
directly connected to the level of observational and data exploitation capacities. Intenat
initiatives (e.g. Copernicus, GEOSS) not only provide the framework within which national EO
capacities can be developed, but also the necessary impetus to do so (e.g. data sharing advocacy).

3.1.1. Copernicus

Copernicus was designed by the EU and the Eaaospace Agency (ESA) to help the EC member

states to develop environmental policies and monitor the results. In this context, ESA is developing

the Sentinel missions for the operational needs of the Copernicus programme, which they address
issues relatedo the availability of coarse and medium resolution imagery. It is well stated that the
{SyGAySta FyR /2LSNYAOdzA KIF@S (KS LROSYGAlE 2
monitoring systen{Butler, 2014.

The flagship Sentin@ multispectral satlite program has already revolutionized landver and land
use change monitoring and analyg§tdopernicus Global Land Cover Laydssichhorn et al., 2020)
since its specifications is superior to those of Lan@satith a spatial resolution down to If@eters
and shorter revisit times of just-8 days over European territory. In a complerteey context, the
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launch of Sentinel, synthetic aperture radar, mission and its synergistic use with Ses&tinelld

really change the update every few days in crop changes even in areas with high clouvVeaover

Tricht et al., 2018)In addition, Sentined already provides 300m data at two days revisiting intervals,

enabling the development of archives for anomaly and change detefgign land) at larger scales.

Earlier Sentinel missions mainly focused on Jamiile theSentine5 Precursowill further support

the Copernicus Atmosphere Monitoring Service (CAdSjuantify among other greenhouse gases
(Abida et al.2017) ¢ KS { Sy dAy St Qa 2LISNIGA2ylf @FftdzS Oly 0685
existing or upcoming missions will be combined to create virtual, as well as practical, constellations.

In that regard, several research groups have been working together te @ahtinel2 and Landsat 8

data compatible and to develop joint archives, promoting a concept of a virtual satellite constellation
(Claverie et al., 2018)ast but not least, unlike most previous EO missions, the Sentinels will be
replaced regularly as they age, enabling the generation of-lemg crosscalibrated datasets of a

variety of imagery data. This will facilitate to more efficiently connect dataesesuch as
measurements of greenhouse gases and opens up research into new areas. This is driven by the

/| 2LISNYAOdzaQ Fdzy RFYSYy (Gl f LINARYOALIX S (G2 fa2 0SS NB:
(e.g.The European Green De&019') and periodcally undertake gap analyses to ensure that the
observations, products and services remain fitforpose.

Copernicus needs to manage these geospatial data and to provide user driven products, services and
predictions for policies where a Commission matedis essential. In this context, Copernicus data is
already used to develop spatially explicit indicators in near real time for practical applications including
Land Monitorincand Climate Changeamong others. In the light of the above, the Copernicus services
along with the wide Sentinel data coverage means the outcomes of the activities can be monitored
on the overall nationdkevel, providing a framework for the analyses of impact of agricultural policies
and activities on the environment.

Last but not least, Copernicus ensures the availability not only ofduglity data but also enabling
easy combination of different datats. The new clouthased platforms, providing centrzdid access

to Copernicus data and information and to processing tools, known as the Data and Information
Access Services (DIAS) should be the vehicle for this transformation.

3.1.2. GEOSS

Since 2008, the Grougn Earth Observation (GEO) has worked closely with national entities to harness
the benefits of EO in global sustainable development. This is now increasingly available because of the
operation of Global Earth Observation System of Systems (GEOSS)ablaisahe interaction and
provision of access to diverse information for a broad range of users in both public and private sectors.
It must be noted that GEOSS is a portal and acts as a gateway to diverse datasets at different levels of
processing (i.e. s information or higHevel data); this means that the data are neither hosted at nor
served by GEOSS. It tHasilitates data and information accessibility of heterogeneous collections of
Earth observations.

Therefore, a set of diverse services of GE@vence, having been already funded for development
under different funding mechanisms e.g. via H2020, Copernicus Services, and national programmes,
may contribute to the goal of the environmental assessment of CAP performance.

11 https://eur-lex.europa.eu/resource.html?uri=cellar:h828d1662211ea8clf
0laa75ed71a1.0002.02/DOC 1&format=PDF
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3.1.3.  In situ component

Spaceborne data products could be significantly improved if these were not limited to individual
sensors but could combine complementary information not only across space agencies but also by in
situ sensor types. DIONE studies the limitations whereby standafmote sensing is not sufficient

to reach the desired accuracy, reliability, precision, and especially completeness of the data requested.
On that basis, the most ffor-purpose and cosgffective in situ methodologies as derived by pilot
activities wil be selected to be integrated in the workflows. We must underscore the fact that the
remote sensing data not only need to be validated by theiin component, but also crucially the-in

situ data are important in order to derive tailored products to @dfic area and user need from the
satellite data. In situ data is thus used to calibrate, verify and supplement the information provided
by satellites, which is essential in order to deliver reliable and consistent data over time.

In situ data may be dered from the GEOSS portal, tBepernicus In situ Componerand from the
DIONE pilot demonstrations in the National Paying Agency of Lithaadi€yprus, respectively.

Figure3illustrates the complete E@cosystem in which DIONE operates.
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Figure3: The EO ecosystem in which DIONE operates
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3.2 Essentiavariables andassociated metrics

It is acknowledged that the environmental dimension of sustainability is decently characterized by the
EV approacliLehmann et al., 2020EVs are a minimal set of variables that are required to develop,
validate, and monitor transformation policies and interventions that aim at achievingedgipon

goals, like the environmental objectives of the CAP. Subsequently, the concept of EVs has been used
in a number of EO communities to identify and prioritize variables and observations that are key to
the missions of these groups. Relevant exaraplee considered the Global Climate Observing System
(GCOS) under the United Nations Framework Convention on Climate Change (UNFCCC), which
developed a set of Essential Climate Variables (HBU)ski et al., 2014) ikewise, in geodiversity
community a discussion is in progress with the goal to ideati#gt of variables (EG\@arnetske et

al., 2019) in order to take into consideration the abiotic surface and -sulface geology,
geomorphology and pedology of an area (e.g. Digitalditav Model).

In addition, DIONE seeks to exploit lessons learned and best practices from past and ongoing projects
and initiatives. In this context, a significant contribution in the evaluation of existing EVs and
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integration of them across the societakmefit areas of GEO has been made by the EU projects
ConnectinGE@nd GEOEssentifllehmann et al., 2020Hence, DIONE EVs list was not developed in

a vacuum. DIONE identified a set of ECVs and EGVs, as defined by GCOS and geodiversity community
(seeCurrent Single EV lists from GEOEsséftiahd AgrEnvironmental Indicators (AEI), as imposed

by EU CARNd their relevant observations (e.g. vegetation indices), towards developing concrete
g2N] Ft26a GKIFIG GNIXyatlraS GKS 20aSNBFiAz2ya Ayaz
status metrics.

It should be noted that the EVs and aigrdicators proposd for observing CAP indicators include
among others atmospheric, hydrospheric, biospheric and-lnong nature variables, which can be
measured with remote sensing dblel). RS Satellite data from Sentinel constellations, taking also
into account generated agricultural indices (e.g. NDVI, NDWI, EVI, CVI) will be used, and in situ
solutions (e.g. high spatial aerial data and spectral image spectroscopy), to overcolimeitéitéons
whereby standalonspacebornedata is not sufficient to reach the desired spatial representativeness
and reliability (e.g. soil nitrogen).

Tablel: EVs listhat can support the monitoring of CAP environmental objestiv

Essential Variable€EVs) Short definition (unit)

Precipitation
Surface atmosphere . -
Surface wind speed direction

Atmospheric compositior Carbon Dioxide, Methane & Other Greenhouse Ga

Land cover

ECVs
_ Land surfacéemperature
Biosphere _
Soil carbon
Fire¢ Burnt areas
Hydrosphere Lakes; Water quality

EGVs Nonliving nature Elevation

3.3 Indicators for integrating environmentatoncernsinto the CAP

It is acknowledgedhiat the future CAP requires bottliversified environmental targets and actions

defined according to regional or contelsdsed characteristics, in order to achieve environmental

benefits throughout EuropeAiming toconstruct a thorough picture rated to CARenvironmental
challengesthe present deliverable ibased on theast public consultation (EC, 2017a), on recent

reviews (Recanati et al., 2019n whicha weltstructured analysis was performedhus,a list of

research termg(i.e. search keywords) y Of dzZRAy 3 G/ 2 YY 2y climatdl@hénde i dzNJ €

G Sy @A NP WIS dINISE | NHRodverdbitp S K4 & 0SSy aSt SOGSR G2 Ol
review. The terms restricted tthoseO 2 NNEB a LJ2 y Rgenedlerivikonniehtal @bgectives, while

the research performed to the period 202D20to be conpatible with the period after the pubti

consultation. 8me earlier articles cited in the selected list that were deemed particularly relevant

were also reviewe@Recanati et al., 2019s for scientific databases, Scopus, ScienceDirect, PubMed,

12 http:/iwvww.geoessential.eu/wpcontent/uploads/2019/10/GEOEssential Delivera@lg v3.1 FINAL.pdf
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Google Scholar and Wiley were used. To compheepicture with relevant grey literature, qualifying
documents published by EU anther environmentalagenciesand international organization&.g.

EU COMZ2006) 503 were consideredBesideghe broad principles are set out, and the need to fulfill

CAP objectives other existing agreed objectives and targets for environment and SDGs should be taken
into account.

The reviewed literatureanalyzeda set ofindicators that contribute to the assessment of CAP
performance by serving to: i) provide information on the farmed environment; ii) track the impact of
agriculture on the environment; iii) assess the impact of-agrironmental policies on environmental
management of farms; iv) inform aggnvironmental decisions; and v) illustrate agnvironmental
relationships to the broader public. Thudtea a first screening phase focused on titles, abstracts and
key words, we excluded a number of documents wilichnot make any recommendations to monitor
the integration of environmental concerns into the CAP. It is noteworthy that a few of the selected
indicators are also used as CAP context indicators or sustainable development indicators.

The themesresulting from the literature review are consistent with the environmental priorities
underlined in the last CAP consultatiand support the transition towards a more sustainable EU food
system.Thus in a first step we have included a set of indicatdrattare directly related with the
environment priorities as they can be grouped into three major challengssiladnd land b) water
andc) air quality and climate changdt should be highlighted that indicators related to biodiversity
have not been cosidered, since these indicators are the elements that can be related to multiple in
situ observations that are not taken into account in DIONE project or are the onesnuitidafined
methodologyC2 NJ Ay aidl yOSs (KS aDGafiGirendd oofarlahd S dol A G & a |
not currently have any indicator that can be reliably estimated from EQ. tHmaever, even in those
cases, EO data can provide supporting information relatedther indicators High Natural Value
(HNV) farmlands Thus, we hee expressed some relations between existing indicators since some of
them can be estimated from otherk this context, we identified a suite of indicators that can be used
to measure progress against the environmental assessment of CAP perfor(habte?).

Table2: Selected indicators for monitoring and reporting CAP environmental performance

Environmental | Agrienvironmental Short definition (unit)
priorities indicators

Land cover change Changes in land cover classified by type and size

Soil erosion Estimated mean soil erosion rate in (thgr*t)
Land and soil Soil organienatter ~ Mean organianatter concentration in arable land
(9/kg)

Organic farming Area under organic farming as a ratio of the tote
utilized agricultural area (UAA)

Water quality Chih, TSM, TemperaturéQ)
Water
Land irrigation Irrigated land (ha)
Air quality and Greenhouse g&s methane (Chk), nitrous oxide (MD) and carbon
climate change emissions dioxide (CQ
Protected/ HNV farmland Agricultural areas (ha) under HNV areas
vulnerable Natura 2000 areas  Agricultural areas (ha) under Natura 2000 area
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3.4 DIONE workflows from data sources to environment indicators
with essential variables

The translation of policy requirements, targets and indicators into EO requirements is a complex
process ofcontinuous dialogue between different communities with different jargon. A prime
SEFYLX S& 2F a4dzOK aiNryatldAazya A& IABSY F2N 9! L
evaluated a set of data, which can be-E&lated, in order to suppa the DG GROW in translating the

policy requirements into EO system requirements. The enhanced version Bethised Universal Soll

Loss Equation (RUSIk)del (Panagos et al., 2018pssucceededo be accepted by the EU on the

soil erosion indicator and creates a precedent of an Eabtbervation driven indicator dataset that

make use of the most recent and available gauropean datasets. Other examples, such as the
Copernicus Land Productividynamics are expected to follow.

In this section we determine and document definitions, methodologies and data optiofs/f&md

key parameterge.g. vegetation indice$p derive quantitative and spatially explicit indicators, using
traceable and scidifically sound methods. In this context, DIONE aspires to drive the development
of reference datasets oEVsand key parameters that are critical for monitoring CAP indicators,
including data of different spatial and spectral resolutions. The relatiogsiiipong variables and
parameters with each indicator have been set out clearly and where uncertainties remain (by including
EO) these explicitly have been made transparent.

DIONE have already seen the refining and promotion of a range ofiusen servges built on e.g.
Copernicus Sentinel data, Inspire Geospatial data, ESA TEP outputs, relevant H2020 projects outputs
and European research infrastructures data. In that context, the largest growth is in the development
of detailed workflows, from input pameters and algorithms applied via machine learning tobésk

5.3 Development of the DIONE Environmental Performancé tbooltputs that comprise tailored
compositeindicators and are also consistent with specific CAP indicé@fatse2). Last but not least,

in dataset usage is envisaged to be in the field of pileditin datasets; ensured through the very
extensive involvement of paying agencietervant data and pilot collected information, which will be
necessary to support the geographical exploitation range of pilot services. In addition, we highlighted
some deficiencies in the current data sets related to certain indicators, in terms of haation data
guality, geographical coverage and temporal resolution. Potential methodological improvements or
further validation (e.g. soil erosion; soil quality) are also pneesst and furthermore we highlighted if
some indicators still require further aoceptual improvement (GHG emissions).

European landscapes are dominated by agriculture, which accounts for almost half of the total EU land
surface(Halada et al., 2011hn this context a first indicatdsthe UtilizedAgricultural Area (UUAhat

can be considered dhke total area taken up by arable land, permanent grassland, permanent crops
and kitchen gardensvioreover, EU prioritizes the protection of high natureunsalHNV) farmlands,
during its next CAP reform pe2020, as well as Natura 2000 are@his information cahe considered
asprimary indicators to supporea more effective use of the Common Agricultural Policy (e.g. what
percentage of HNV farmlands withine EU has undergone changes in kmoder?) In ANNEXA, a
complete list of the selected indicators is presented.
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Figure4: The distribution of HNV farmlandsnside and outside the Natura 2000 networithin the 27 EU member
states (sourceAnderson and Mammides, 2020)

3.4.1 Land cover change

This indicator provides qualitative and quantitative assessment of the change of land caver
particular, land cover change is defined as the loss of natural areagytarty loss of forests and
agricultural areas to urban or exurban development. It has numerous ecological, physical and
socioeconomic consequences. On the positive side, agricultural expansion may increase food
production for a growing population and Ipeineet the growing global demands for food, although it

is unsure how productive the last exploited lands will be as they are typically theféeastble
However, on the negative side, there are numerous adverse consequences with both known and
unknownlinksas well as feedback mechanisms.

Converting the natural vegetation to agricultural land may result in changes to the radiation balance
of the given unit of area. In principle, the albedo increases as land is without vegetation at least part
of the yea causing more solar energy to reflect back from the surface and onto the space. Other
environmental impacts include the decrease in soil weatetding capacity. As natural vegetation is
replaced by agriculture, soil porosity may be reduced by soil corigractiecreasing infiltration
capacity and increasing the risks of soil erosion. Furthermore, in mountainous areas, the conversion
of the forests to agricultural lands decreases as does the occult precipitation as croplands capture less
atmospheric moisturghan multilayered indigenous forest or forest of any kind. This is additionally
exacerbated by the fact that cloud formation over the land unit also decreases as the
evapotranspiration rate is less from fields than from forests causing evidently redueeipipation.
Moreover, detrimental changes in land cover and land use are the leading contributors to terrestrial
biodiversity loss. From the above, it is easy to understand why measuring land cover change helps
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monitor pressures on ecosystems and bioddity. The alterations it effects in the surface of the earth
hold major implications for sustainable development and livelihood systems and also contributes to
changes in the biogeochemical cycles of #ath andaffect the concentration of the atmospheric
greenhouse gases.

TheCorine Land Cov€€CLC) provides consistent informati@i classes)n land cover and land cover
changes across Europe. In addition to land cover mapsal€dyiCovidesa set ofdatasets referring to

land cover / land use changes between two consecutive land cover maps (e.g. between 2012 and
2018). It should be mentiongtiat, the CLC products are based on the photointerpretation of satellite
images by the national teams of the participating countries; i.e. the EEA member or cooperating
countries. Subsequently, the resulting national land cover inventories are furthegrated into a
seamless land cover map of Europtore recently, collectior® of the Copernicus Global Land Cover

layerswas release@Buchhorn et al., 2020)n thisproduct alandcover map at 100 m resolain, while
a set of cover fraction layers is also provided depictingpthceptualcover of the main land cover
types in a pixelHigures).

1 D @;;D

Cover Layers o nee 100% Grass

Discrete Map -

Figure5: The image illustrates the Copernicus Global Land Cover Layers and more specific a global discrete classification for
the year 2015 (left side) and an example of combining three out of nine cover fraction layers into a FalSerQudsite
(right side), (sourceBuchhorn et al., 2020)

The Land Cover was all processed on PROBKP cluster, using novel processing technideeas
non-linear machine learning algorithmsj)n the Setinel-2 tiling grid and UTM projection. The
aforementioned products can be further assisted by the outputdaté fusion and super resolutions
techniques that will take place in DIONR, order to derive more accurate land use and cover
classificationA detailed outline of the dependent variables of the proposed indicator is presented in
Table3.

Table3: Dependent variables of land cowtrange indicator

(O7A\ 2 SCIEICE N o EINYEIE)] Sustainable management of natural resources and climate action
Vs Land cover
Data sources Sentinel2, IACSnd CLC
Inputs Normalized Difference Vegetation IndexV)
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3.4.20rganic farming

This indicator provides amssessment of the area under organic agricultuteshould be noted that,

the area under organic farmingay be classified as i) fully converted to organic farming; ii) under
conversion to organic farming; and iii) total fullynwerted and under conversion to organic farming.

Due to the specific agronomic interventions (e.g. exclusively organic fertilization and the exclusion of
pesticide) organic farming fields tends to differ from conventional ones by several aspects, among

which lower plant nitrogen and chlorophyll concentration, higher irfiedd heterogeneity of the

OF y2Ll o0ONRLIQa& KSA3IKIGSOGRMmeatDenisdindIyelios gais) | yR | KA S

Theproposed methodologyo derive this indicatois based on a machine learning approaeinich

will leverageEGbased spectral indices and metrics to assthe spatial variability (e.g. heterogeneity,
biophysical indices derivation etahd thusutilize them as input in the model to discriminate organic
fields from conventional ones. For this indicator, the use of high spatial resolution satellite iamabes
soil quality estimations in the field is particularly important, since mixed pixels and coarse satellite
pixel size greatly affect the value of indicator changes. In this context, UAV fligists 8.3 Drone
flights and tenure of data in specified reg§ and the outputs from handheld sensorBaék 4.4
Processing with historical and open EO Jatél be also utilized, to assess the limitatipngere
standalonesatellite remote sensing is not sufficient to reach the desired representativeness and
reliability. The trainingesting dataset(i.e. the provision of labeled ground truth dates) created
FOO2NRAY3I (2 GKS Fyydzaf FFINYSNAEQ RSOfINIGAZ2YEA A
organic methods are denoted detailed outline of the épendent variables of the proposed indicator

is presented irnmable4.

Table4: Dependent variables of organic farming indicator

O\ 2 IR JEMNYEIE)] Sustainable management of natural resources
Land cover, Soil carbon
Sentinel2, drone imagery, soil spectral measurements

NDVI, soil predictions

3.4.3%0il erosion

Soil erosion by water is one of the most widespread forms of soil degradation in Europe. Other forms
of erosion such as wind erosion, gully, and erosion by harvesting crops have less significant effects in
EU.It is well stated that, msion camaffect all types of lands, not only cultivated parc@dewell et

al., 2019) The process of erosion is described in three steps, containing soil detachment, movement
and deposition. Through this process, the most important part of soil in terms dfesalth, topsoil,

is relocated, affecting organic and mineral nutrient pools, fertility and soil life in gerardhis
context, the proposedoil erosionindicator refers to the agricultural areas affected by a certain rate

of soil erosion by water.

Theindicator is predicted based ahe empirical modeRUSLEhat calculates soil loss due to sheet

and rill erosion, and is expressed as freduct from five distinct factors that describe the main
erosivity indicatorgPanagos et al., 2019)he fvefollowingmajor factors such as rainfall pattern, soll

type, topography, crop system, and management practices are to be used in RUSLE for computing the
expectedaverage annual erosion

A "Y-factor: Rainfalirunoff erosivityfactor, which accounts for the effect of raindrop impact and
also shows the amount and rate of runoff associated with the precipitation events
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A 0 -factor: Soil erodibility factois an empirical measure of soil erodibility, the susceptibility of
a soil to erode, as affected by intrinsic soil properties (Fu et al. 2006), such as organic matter
content, soil texture soil structure and permeabilityit is noteworthy that DIONE reliem
promoting existing soil databases and Sentid@lata to generate spatial explicit indicators
over agricultural regions with an enhanced spatial representatives and reliability. These
products can be leveraged to further enhance the estimatiok-tzctor.

A 0 “¥actor: ope length factoris a bpographical factarwhichdirectly depend from Digital
Elevation Model variables and especially the length and gradient of the dlopas been
demonstrated that increases in slope length and slsieepness can produce higher overland
flow velocities and correspondinglyghier erosion

A 6-factor: Vegetation cover and management factdescribes the relation between soil
erosion and vegetatiorassociated cropping methodologies and the level of ptratuction

A 0-factor: Support practice factoquantifying the applied practices to reduce erosion extend.
Terracing, mulch application, vegetated waterways or contouring and strip cropping are the
most common and effective erosion control practices.

This apprach has already beeémplementedat European scal@igure6) by Panagos et al. (2020s
well as in East Africa regigRenta et al., 2020)

FigureY 0 ¢KS dzLJRFGSR az2Af f2aa NIGSa o0& 61 GSNI SNRaiAzy Ay
NUTS 2 levéBourcePanagos et al., 2020)

The most ugo-date Ewopean datasets mainly used to model the input layers, such a€ti¢gthe

European Soil Data Centre (ESDAC) Land Use and Cover Area frame Survey (LUCAS) for soil
measurements and relevant DEM products. The proposed soil erosion approach can incoiperate t
latest burned areas recorded Iiyuropean Forest Fire Information Systé@EkFIS) to update the land
cover/use factor C, as well as detailed databases on crop types and soil characteristics collected at the
field parcel scale in pilot area&.detailed outline of the dependent variables of the proposed indicator

is presented ifmable5.
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