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Abstract—During the last decades, massive amounts of satellite
images are becoming available that can be enriched with semantic
annotations for the creation of value-added Earth Observation
products. One challenge is to extract knowledge from the raw
satellite data in an automated way and to effectively manage
the extracted information in a semantic way, to allow fast
and accurate decisions of spatio-temporal nature in a real
operational scenario. In this work we present a framework
that combines supervised learning for crop type classification on
satellite imagery time-series with Semantic Web and Linked Data
technologies to assist in the implementation of rule sets by the
European Common Agricultural Policy (CAP). The framework
collects georeferenced data that are available online and satellite
images from the Sentinel-2 mission. We analyze image time-series
that cover the entire cultivation period and link each parcel with
a specific crop. On top of that, we introduce a semantic layer
to facilitate a knowledge-driven management of the available
information, capitalizing on ontologies for knowledge represen-
tation and semantic rules, to identify possible farmers non-
compliance according to the Greening 1 (Crop Diversification)
and SMR 1 rule (protection of waters against pollution caused by
nitrates) rules of the CAP. Experiments show the effectiveness of
the proposed integrated approach in three different scenarios
for crop type monitoring and consistency-checking for non-
compliance to the CAP rules; the smart sampling of on-the-
spot-checks; the automatic detection of CAP’s Greening 1 rule;
and the automatic detection of susceptible parcels according to
the CAP’s SMR 1 rule.

Index Terms—semantic enrichment, linking EO data and
Web content, crop type classification, EU CAP non-compliance
checking, data fusion for decision-making.

I. INTRODUCTION

IN recent years, a massive quantity of georeferenced data is
generated from many different sources like human activity

and Earth Observation (EO), in-situ sensors, satellite missions
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(e.g. Copernicus) and mobile phones. The semantic enrich-
ment and linking of these free and open data of this scale,
frequency, and quality constitute a fundamental challenge for
interoperability and automation in decision-making. EO data
become useful only when analyzed together with other sources
of data (e.g. geospatial data, in-situ data) and turned into
actionable information and knowledge for decision making.
In this context, linked data1 is a data paradigm that studies
how one can make Resource Description Framework (RDF)
[1], [2] data available on the web and interconnect it with other
data with the aim to increase its value. In the last few years,
linked geospatial data has received attention as researchers
have started tapping the wealth of geospatial information
available on the web using semantic web technologies [3],
[4]. Nevertheless, there are only a handful of applications that
showcase the semantic integration of linked EO and non-EO
products. The scalability to accommodate big linked EO data
also remains an open issue [5].

One of the domains that is already heavily dependent on
the effective and efficient knowledge extraction from EO data
is the control of the Common Agricultural Policy (CAP) [6].
The European Union (EU), through the CAP, aims at increas-
ing the European agricultural productivity under sustainable
practices, while at the same time making sure that the farmers
maintain a decent standard of living2. It is the EU’s aim to
reinforce the competitiveness of European agriculture, whilst
maintaining and strengthening its sustainability. This manifests
as a major priority, with CAP’s annual budget amounting to
approximately 59 billion Euros. The Integrated Administration
and Control System (IACS) of the CAP, consumes the majority
of its annual budget. The IACS functions as the management
system for the CAP payments; and is implemented by the
national paying agency of each EU Member State (MS)3.
The CAP legal framework is transitioning to its new form,
the post-2020 CAP reform, which aims to modernize and
simplify the current operating model4. Based on the post-
2020 CAP ambitions and towards the direction of the so-called
monitoring approach for the implementation of IACS, Earth

1https://www.w3.org/standards/semanticweb/data
2http://esa-sen4cap.org/
3https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-

agricultural-policy/financing-cap/controls-and-transparency/managing-
payments en

4https://www.consilium.europa.eu/el/policies/cap-future-2020/
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Observation has been identified as a key enabler.
Multiple EC funded projects have employed Copernicus

data, using advanced ICT and Artificial Intelligence (AI)
technologies, to address the monitoring of the CAP. The
RECAP project5 has been one of the first to develop Coper-
nicus based machine learning pipelines to assist the Paying
Agencies in reducing the costs and increasing the efficiency
of the control of CAP’s Cross-Compliance. Additionally, the
Sen4CAP project6, building on the legacy of RECAP, has
focused on reducing the costs of IACS towards the post-2020
CAP objectives; exploring the applicability of an evidence-
based monitoring approach. To the best of our knowledge,
none of the existing approaches are able to support the
following CAP scenarios to deliver true business value. The
selected scenarios require significant human resources, with
On-The-Spot Checks (OTSCs) on only a small sample of the
farmers’ applications.

a) Smart Sampling of on-the-spot-checks (OTSCs):
Farmers declare the cultivated crop type for their arable land
each year, around the months of May and June. Paying agen-
cies are responsible for validating the declarations to then grant
the requested subsidy to the farmer. The MSs randomly sample
and inspect 1-5% of the total number of declarations. It is
necessary to automatically monitor the farmers’ declarations,
using and linking additional and online available data, in
order to create an targeted, instead of random, sample set that
requires OTSC.

b) Automatic detection of CAP’s Greening 1 rule: This
rule seeks to improve biodiversity and reduce soil erosion
by imposing limits in the size and number of the different
cultivations in a farm. Specifically, the farmers that own 10
to 30 ha of arable farm should grow at least two different
crop types, while farmers that own more than 30 ha should
grow at least three different crop types. In the first case, the
main crop should not cover more than 75% of the land, while
for the latter case the two main crops should additionally not
exceed 95% of the total land 7. This rule requires accurate
and semantically enriched geospatial data, so as to both detect
correctly the crop types and perform semantic reasoning to
infer the consistency between the farmers’ declaration and the
Greening 1 rule.

c) Automatic detection of susceptible parcels according
to CAP’s SMR 1 rule: This particular CAP requirement
expects from the farmers, among other things, to perform
a risk assessment on the susceptibility of their parcel to
contribute nitrate-rich soil to nearby surface waters. The farmer
should account for the slope of land, the ground cover, the
proximity to surface water, weather conditions, soil type and
conditions and the presence of land drains8. The SMR 1
requirement defines buffer zones, which shall be respected
in terms of fertilizer spreading. Specifically, i) manufactured
fertilizer spreading should be at least 2 m from surface water

5https://www.recap-h2020.eu/
6http://esa-sen4cap.org/
7https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-

agricultural-policy/income-support/greening en
8GCCE 2017 v1.0, ”The guide to cross compliance in England 2017”,

produced by the Department for Environment, Food and Rural Affairs

and ii) organic manure spreading should be at least 10 m
from surface water9. Therefore, measuring the proximity of
the parcel boundaries to the nearest surface water is of great
significance both for the inspections of the paying agency,
but also for the farmer who wishes to better comply with the
requirement. To that end, the semantic data fusion of Sentinel
images and other linked open geospatial data, would lead to
a more efficient monitoring of SMR 1.

In this work we adopt and extend the linked open EO data
life cycle paradigm [3], and provide for the first time an
end-to-end implementation to address operational needs of the
CAP. Motivated by the above mentioned use cases and their
inherent requirements to effectively and intelligently com-
bine and interlink various geospatial data sources (e.g. Land
Parcel Identification System (LPIS), hydrographic network,
Natura2000 zones etc.), we instantiate the linked open EO
data life cycle in the domain of CAP. To this end, we propose
a hybrid data- and knowledge-driven framework, developing
concrete CAP-related scenarios and demonstrate automatic
pipelines for satellite data processing, content extraction, se-
mantic annotation and transformation to RDF, interlinking
layer, validation and querying of Linked Open spatio-temporal
data.

Our contributions are summarized as follows:

� We propose the use of semantic reasoning in the context
of CAP monitoring, to check compliance with Greening-1
requirements, taking into account satellite derived prod-
ucts and ancillary geospatial data.

� We demonstrate the use of spatial relationships in LOD
(GeoSPARQL) towards assessing vulnerable parcels ac-
cording to CAP SMR-1 specifications.

� We propose the Smart Sampling Scheme, i.e. the use of
spatiotemporal queries to define a new, educated sampling
of parcels that need to be checked for compliance with
CAP rules with in-field visits.

� We evaluate our framework under the light of national
scale application, in line with post-2020 CAP monitoring
needs. Therefore, we discuss scalability implications for
both the knowledge extraction from satellite imagery
module and the semantic reasoning framework.

The rest of the paper is structured as follows. Section
II presents related technologies considering both the Earth
Observation based CAP monitoring and semantic web tech-
nologies. The technologies are grouped under a common
framework, aiming to cover the whole life-cycle of the linked
EO data for the control of the CAP. Section III describes our
proposed semantically enriched crop type classification model
for checking the compliance of farmers’ declarations to the
CAP regulations. Section IV presents experiments and results
regarding our proposed methodology, along with the area of
interest, the considered CAP scenarios, their implementations
and results regarding the effectiveness and efficiency of our
pipeline. Section V concludes our paper.

9https://www.gov.uk/guidance/using-nitrogen-fertilisers-in-nitrate-
vulnerable-zones




