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Abstract. The Land Use/Cover Area frame Survey (LUCAS) of the European Union (EU) presents a rich resource for detailed

understanding of land cover and use, making it invaluable for Earth Observation (EO) applications. This manuscript discusses

the recent advancements and improvements in the LUCAS Copernicus module, particularly the data collection process of 2022,

its protocol simplifications, and geometry definitions compared to the 2018 survey and data. With approximately 150,000 poly-

gons collected in 2022, an increase from 60,000 in 2018, the LUCAS Copernicus 2022 data provides a unique and comprehen-5

sive in-situ dataset for EO applications. The protocol simplification also facilitates a faster and more efficient data collection

process. In 2022, there are 137,966 polygons generated, out of the original 149,408 LUCAS Copernicus points, which means

92.3% of the points were actually surveyed. The data holds 82 land cover classes for the Copernicus module
:::::
which

::::
map

::
to

:::
88

::::::
classes

::
for

:::
up

::
to

:
LUCAS level 3 legend(88 classes). For land use the data holds 40 classes, along with 18 classes of land use

types. The dataset is available here for download (PID: http://data.europa.eu/89h/e3fe3cd0-44db-470e-8769-172a8b9e8874).10

The paper further elaborates on the implications of these enhancements and the need for continuous harmonisation to ensure

semantic consistency and temporal usability of data across different periods. Moreover, it calls for additional studies exploring

the potential of the collected data, especially in the context of remote sensing and computer vision. The manuscript ends with

a discussion on future data usage and dissemination strategies.

1 Introduction15

The importance of in-situ data for Earth Observation (EO) applications cannot be overstated. In-situ observations provide

ground-based reference data, crucial for the production, validation and calibration of remote sensing products derived from

satellite or airborn observations. The two largest constraints to satellite-based model performance are training data and imagery

(Burke et al., 2021). While imagery has become abundant, the scarcity and frequent unreliability of ground-based reference
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observations data make both training and validation of satellite-based models difficult. Particularly, they are pivotal in the20

assimilation practices to better inform Earth surface modeling and other EO endeavors (Balsamo et al., 2018). The Copernicus

component of the EU’s space program, known for its Earth Observation capabilities, heavily relies on a vast array of in-situ

data. The Cross cutting coordination of Copernicus access to in-situ data1 provides support to Entrusted Entities in accessing

such data for both the production and validation of Copernicus products.

Despite the significant value, the collection of low-uncertainty in-situ data presents a myriad of challenges. The system-25

atic collection of such data by humans is very resource-intensive, and ensuring the necessary quality and representativity for

effective use in Earth Observation applications further exacerbates the challenge (Teucher et al., 2022; Andries et al., 2022).

In the EU, a regular surveyed sample of land cover and land use has been collected since 2006 under the Land Use/Cover

Area frame Survey (LUCAS) (d’Andrimont et al., 2020). The data collected under this survey, especially the new LUCAS

Copernicus module introduced in 2018, offers a remarkable resource of in-situ data. In 2018, this new LUCAS module (the30

Copernicus module) specifically tailored to EO was introduced, see d’Andrimont et al. (2021). A specific protocol was designed

to collect in-situ information with specific characteristics fitting EO processing requirements. As a result, a total of 58,428

polygons are provided with a level-3 land cover (66 specific classes including crop types) and land use (38 classes) information.

This represent a unique set of in-situ data, opening the possibility for applications with higher thematic detail as compared to

previous LUCAS surveys, such as crop type mapping. This dataset has been used to generate continental mapping of crop with35

sentinel-1 (d’Andrimont et al., 2021), with Sentinel-2 (Ghassemi et al., 2022a; Luo et al., 2022) but also for Land cover (Venter

and Sydenham, 2021; Ghassemi et al., 2022b; Witjes et al., 2022),
:::::
forest

::::::::
mapping

:::::::::::::::::::::
(Bonannella et al., 2022),

::::
and

::::
land

:::::
cover

::::::::
dynamics

::
in

:::::::::
watersheds

:::::::::::::::::
(Beselly et al., 2021).

In 2022, a new survey and protocol was carried out. The advancements in the LUCAS Copernicus module, particularly

the data collection process of 2022, its protocol simplifications, and geometry definitions compared to the 2018 survey and40

data, provide a substantial enhancement in the in-situ dataset available for EO applications. This manuscript delves into these

improvements and the implications thereof, alongside discussing the future data usage and dissemination strategies.

2 LUCAS Survey

LUCAS is a two phase sample survey. The LUCAS first phase sample is a systematic selection of points on a grid with a 2 km

spacing in Eastings and Northings covering the whole of the EU’s territory Gallego and Bamps (2008). Currently, it includes45

around 1.1 million points (Figure 1) and is referred to as the master sample. Each point of the first phase sample is classified in

one of ten land-cover classes via visual interpretation of ortho-photos or satellite images ESTAT (2018).

2.1 LUCAS 2018 survey

The LUCAS 2018 survey collected 97 variables at 337,854 points. Most of the points surveyed fall in a homogeneous area for

which the minimum mapping unit is about 7 m2(a circle of 1.5 m radius).
::::
This

::::::::::
homogeneity

::
is
::::::::::
ascertained

::
by

::::
way

::
of

:::::::::
orto-photo50

1https://insitu.copernicus.eu/
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LUCAS grid and LUCAS core sample (2022) LUCAS Copernicus pointsLUCAS core and LUCAS Copernicus points (2022)

The LUCAS master grid (in gray) is the main sample frame, from
which the LUCAS Core sample (in yellow) is sampled in a
stratified manner. The shown area is located around Prague, CZ.

LUCAS core (in yellow) and the fraction of them that makes up
the LUCAS Copernicus (in orange) points with a valid geometry
for the same region. 

Copernicus points shown in their respective main land cover
classes for the same region.

LUCAS 2023/23 Copernicus snapshot
N of Copernicus polygons 137,966
N of LC1 classes 88
N of LC1_spec classes 90
N of LU1 classes 40
N of LU1_type classes 18
N of crop types (B class) 43

LUCAS 2022/23 Core snapshot
N of points 399,648
N of points with field survey 199,080
N of attributes 113
N of Copernicus points 149,408 
N of LF points 92,382
N of Grassland points 19,889
N of Extended Grassland

i t
39,842

N of Soil points 40,881

Figure 1. Schematic overview of the LUCAS and harmonisation methodologies. This illustrates the sampling at the basis of the production

of the LUCAS primary data. (The background map is obtained from © OpenStreetMap
:::::::::::
GoogleSatellite

:
contributors 2023. Distributed under

the Open Data Commons Open Database License (ODbL) v1.0).

:::
first

:::
and

::::::::
affirmed

::
or

:::::::
switched

:::
by

::::
field

::::::
survey

::::
after.

:
When the land cover is not homogeneous, for example when it is composed

of trees or shrubs interspersed with grass, the scale of observation is extended to classify it. In these cases, a systematic

observation of the “environment” in the vicinity of the point, which in LUCAS is called the extended window of observation,

has to be adopted. The extended window of observation expands to a radius of 20 meters from the point (representing an area

of 0.13 ha) for forest and shrublands. Detailed information about the survey can be found in Eurostat (2018a). The land cover55

surveyed is classified according to a harmonized 3-level legend system Eurostat (2018b). Additionally to the core variables

collected, other specific modules were carried out on demand on a subset of points, such as (i) the topsoil module and (iii
:
ii) the

grassland module. The LUCAS 2018 core data are available in an harmonised open database in d’Andrimont et al. (2020).
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2.2 LUCAS Copernicus module

The LUCAS 2018 Copernicus module was applied to a subset of points from the 2018 survey to collect
:::::::::::
homogeneous land60

cover information up to an extent of 51 meters until the land cover changes in four cardinal directions around a point of obser-

vation, offering .
::::
The

:::::::
exercise

::::
aims

::
at

::::::::
collecting

:::
the

::::
area

:::
and

:::::
shape

::
of

:
a
::::
pure

::::
and

:::::::::::
uninterrupted

::::
land

:::::
cover,

::::::::::
specifically

:::::
aimed

::
at

::::::::
acquiring

:::::::::
multi-pixel in-situ data compatible with the spatial resolution of high-resolution sensors (specifically Sentinel 1 and

2; see d’Andrimont et al. (2021) for the open ready-to-use dataset). The LUCAS Copernicus dataset contains 63,287 polygons

that
::
are

::::::::
supposed

:::
to represent the pure land cover at level-2 (genus). When filtering the data for which a level-3 (species)65

legend is available, 58,426 polygons with a level-3 land cover are available. The minimum mapping unit (MMU) of the in-situ

data is 78.53 m2 (i.e. a circle of 5-m radius) as the Copernicus module survey is not executed for areas smaller than 25 square

meters
::::::::
Although

:::
the

::::::
survey

::::
was

:::::::
designed

:::::
with

:::
the

::::
idea

::
of

::::::::
capturing

::::
pure

::::
land

::::::
cover,

:::::
every

::::
data

::::::::
collection

::::::::
exercise

::
is

:::::
prone

::
to

:::::
errors,

:::::
such

::
as

:::::
wrong

::::::::
polygon

:::::
labels,

:::::::
general

::::::::::
geo-location

:::::
error,

::
or

::::::
errors

::::
with

:::::
extent

::
in
:::
the

:::::::
cardinal

:::::::::
direction.

::
In

:::::
order

::
to

:::::
arrive

::
to

:
a
::::::::

measure
:::
for

:::::::::::
homogeneity

:
a
::::::::::

Copernicus
::::::::
polygon,

:::
one

::::
can

::::::
weigh

:::
the

::::
pixel

:::::
value

:::
by

:::
the

:::::::
fraction

::
of

:::
the

:::::
pixel

::::
that70

::::::::
intersects

::
the

::::::::
polygon

::::::::::::::::
Meroni et al. (2021).

3 LUCAS Copernicus 2022

In 2022, the Copernicus module was simplified as illustrated by the field form (Figure A4). By removing some variables that

were sampled in the 2018 protocol but that did not prove to be useful, the survey cost at each point could be reduced. Therefore,

the total number of points could be increased to 150k. The protocol requires the surveyor to register the LUCAS LC level 375

at the position they have reached. In contrast to the 2018 Copernicus module, this means that detailed information on e.g.

permanent tree crops is also collected. The position reached can coincide with the LUCAS point or not
:::
due

::
to

::::::::
physical,

:::::
legal,

::
or

::::::
privacy

:::::::
barriers. Even when a surveyor cannot reach the LUCAS point

:::
and

::
is
:::::
even

:::
too

:::
far

::::
away

::
to
:::::::::

physically
:::
see

::
it, they

normally are able to collect Copernicus-relevant information
::
via

::::::::::::::::
photo-interpretation, except when on a linear feature narrower

than 3 m (e.g. tracks, grass margins or similar),
:::::::

because
::::

this
:::::::::
introduces

::::::::
excessive

::::::::::
complexity. For most cases when doing80

Photo-Interpretation (PI) in the field it was generally possible to find a suitable location to carry out the survey.

The protocol also allows for special cases, such as the possibility to move a few meters in order to position the Copernicus

polygon better
:::
An

:::::::
example

::
of

:::
the

::::
data

::::
can

::
be

:::::
seen

::
on

::::::
Figure

::
2,

::::::
where

:::
the

:::::::
coverage

:::
of

:::
the

::::::::
polygons

::
is

::::::
visible

::::
over

:
a
::::::
recent

::::::
Google

::::::::
basemap.

::::
The

:::::
shape

::
of

:::
the

::::::::
polygons

::::::::::
adequately

::::::
capture

:::
the

::::::
extent

::
of

:::
the

::::
land

::::::
cover.

:::
The

:::::
small

::::::
offsets

::::::::
between

:::
the

:::::::
positions

:::
of

:::
the

:::::::::
theoretical

::::
and

::::::
survey

::::::
points

:::
can

:::
be

::::::::
explained

:::
by

::::::
either

::::
GPS

:::::::::
precision,

::
or

:::
the

::::::
slight

::::::::::
adjustments

::
of
::::

the85

::::::::
surveyors in the landscape, marking hedges and other linear elements, etc

:
.
:::
Of

::::::
specific

:::::::
interest

::
is

::::::
Figure

:::
2b,

::::::
which

:::::
shows

::
a

:::::
point,

::::::::::
unreachable

:::
by

:::
the

::::::::
surveyor,

::
as

::
it
::
is

:::
on

::::::
private

::::::::
property.

::::
The

:::::::
surveyor

:::
in

:::
this

::::
case

::::::::
followed

:::
the

::::::::::
Copernicus

:::::::
module

:::::::
protocol

:::
and

:::::::::
completed

::::
the

::::::
survey,

::
as
:::::::::

pertaining
:::

to
:::
the

:::::::
physical

::::::::
location

:::::::
reached.

:::
We

::::
can

:::
see

:::
the

::::::::::
Copernicus

:::::
land

:::::
cover

::::::::
registered

::
at

:::
this

:::::
point

:::
ID

::::::::::
(36782992)

::
is

::::
A22

:::::
(Non

::::::
built-up

::::::
linear

::::::::
features),

:::::
while

:::
the

::::
land

:::::
cover

::
of

:::
the

:::::::::
theoretical

:::::
point,

:::
as

::::::::
registered

::
by

:::
the

::::
LC1

:::::::
variable

::::::
shows,

::
is

::::
A11

:::::::::
(Buildings

::::
with

:
1
:::
to

:
3
::::::
floors),

::::::
which

::::::::::
corresponds

::
to

:::
the

:::::::
physical

::::::
reality.90
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All LUCAS points Copernicus point = YES CANDO = YES With geometry

399,648 149,408 138,024 137,966
Table 1. The number of LUCAS points at each step. Column one shows all LUCAS 2022 points to be surveyed. The second, whether the

point was originally selected as a LUCAS Copernicus point. The third, whether the Copernicus sample was actually taken (CANDO is the

suffix of the column name). The final column shows the number of points, for which it was possible to generate the radial geometry.

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 2. Examples of LUCAS Copernicus built polygons. The green point is the theoretical LUCAS point. The red point is the GPS location

of the Copernicus surveyor. Polygons are built using distances in the N, E, S, and W directions collected on the ground. The background

RGB imagery is obtained from map data ©2023 Google Maps.

4 Public data and usage note

In the 2022 survey, 137,966 polygons were generated from validly collected survey data over EU-27 as shown in the map

Figure 3. They were produced in varying amounts for 88 LC classes
::
up

::
to

:::::::
LUCAS

::::::
legend

:::::
level

:
3
:
as illustrated on Figure 4.

:::
The

:::::
clean

::::::
version

::
of

:::::
these

::::::
classes

:::
can

::
be

::::::
found

::
in

::::::
column

::::::::
lc1_code,

:::::::
whereas

:::::::
column

:::::::::
survey_lc1

::::
hosts

:::
the

:::::::
original

::::
data,

::::::
which

::
we

:::::::
thought

:::::
might

::::
also

::
be

:::::::::
interesting

:::
for

:::::
users.

:
95

The mean size of the LUCAS Copernicus polygons is 0.34
:::
0.35

:
Ha with the full distribution visible on Figure 5. There are

two tails at either end of the distribution - before the first quantile, and after the third. There is no obvious reason behind the
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tails, meaning no LCLU class or NUTS0 is overly represented within them, although many of the polygons larger than 0.8

Ha are in the Arable land class, meaning used for agriculture.
:::
The

::::::
parcels

::
at

:::
the

:::::
small

::::::
ranges,

::::::::::
specifically

:::
the

::::::
21,207

::::::
which

::
are

::::::
under

:::
100

::::::
square

::::::
meters,

:::
are

:::::::::
distributed

:::::::::
throughout

:::
all

::::::
classes

:::
and

::::::::
member

:::::
states.

:::::
These

::::::
should

:::
be

::::
used

::::
with

::::::
caution

::::
and100

::::::
bearing

::
in

:::::
mind

:::
the

:::::::::::
ground-range

::::::::
resolution

:::
of

::
the

:::::::
sensor,

::::
used

::
to

::::::
extract

::::::
remote

::::::
sensing

:::::
data.

The crop samples of the survey are mapped on Figure A2 and their distribution is on Figure A3.

Figure 3. Map of the LUCAS Copernicus polygon collected in 2022.
::::
2022

::
as

:::
per

::::
their

:::::::
respective

:::::
main

::::
Land

:::::
Cover

::::
class.

::::
The

::::::
number

::
in

::::::
brackets

::::::::
represents

::
the

::::::
number

::
of

:::::::::
Copernicus

:::::::
polygons

:::
for

:::
that

::
LC

:::::
class.
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Figure 4. Land cover class distribution of the LUCAS Copernicus polygon collected in 2022.
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Figure 5. Area of polygons collected in 2022.

5 Discussion

5.1 Comparison 2018-2022

Evolution between the LUCAS Copernicus 2018 and 2022 by Land cover (Figure 6a) and by country (Figure 6b). From Figure105

6a we see that for every LUCAS LC1 the number of samples has at least doubled. For some classes, like Artificial land (A)

and Water (G), the samples are much more - 91.6% and 98.6% respectively.

A similar trend is observed for each country (NUTS0), where the number of samples has at least doubled, in some cases

tripled (Belgium, Germany, Denmark, Greece, Ireland, Italy, Netherlands, Slovenia, Slovakia), safe for the UK, which is no

longer part of the survey. In essence, because of BREXIT, the quota of points available to the UK have now been re-distributed110

to the other Member States.

5.2 Quadrilateral vs radial polygon geometry

As shown in Figure A1, in 2018 the polygons were
:::::::::
erroneously

:
generated by using the distances noted by surveyors as the

lengths of the line segments that make up the shape of the irregular quadrilateral Copernicus polygons. In essence, this was a

simplification of the actual survey design, which required the generation of radial quarter-arc slices in each cardinal direction,115

which are to be merged together to form another irregular quasi-circular polygon shape. The difference between the two shapes

obviously has an impact on the area of the polygon and hence - on the amount of Sentinel pixels that fall within it.

The difference in area between the two types of polygon definition (quadrilateral and radial) is shown on Figure 7. The total

area of quadrilateral LUCAS Copernicus 2022 polygons is 274.6 km2, while for the radial definition the area is 489.4 km2, or

an increase of 78.2% for the entire EU-27. The maximum increase in area is registered in Malta (95.5%) and the minimum in120

Latvia (68.5%).
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(a) Evolution by LC. (b) Evolution by country.

Figure 6. Change between the two LUCAS Copernicus surveys 2018 - 2022/23 in terms of representativeness in general LUCAS Land Cover

classes and by NUTS0. The number at the top of the bar shows the value for the 2022 survey.

5.3 Assessment

A preliminary assessment of the dataset highlights the following key insights:

– LUCAS Copernicus data is
::::
2018

::::::::::
Copernicus

:::
data

::::::
proved

:::::
itself

::
as a valuable source for training and/or validation data for

various operational programs, such as the Copernicus Land Monitoring Service (CLMS), Horizon 2020, Horizon Europe,125

and other associated activities.
:::
The

::::::::::::
improvements

::
of

:::
the

::::
2022

::::::
survey

:::
will

::::::
further

:::::::
enhance

::::
this

::::
value

:::
by

::::::::::
maximising

::::
pure

:::
land

:::::
cover

:::::
area,

:::::::::
irrespective

::
of

:::
its

::::
size,

::::::
having

:
a
:::::
more

::::::
precise

::::::
legend

::::
upon

::::
data

:::::::::
collection,

:::
and

::::::
sharing

:::
the

::::
data

::
in

:
a
:::::
clear

:::
and

::::
open

:::::::
manner.

:

– LUCAS point data can be used as a sampling and/or stratification scheme for selecting training/validation data that

originates from elsewhere.130

– Sampling grid density, spatio-temporal coverage, temporal asynchrony from other CLMS products, geo-location preci-

sion issues during data collection, and legend-matching issues still prevent the easy and straightforward use of LUCAS

data for many applications (Schweitzer et al., 2023).
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Figure 7. Area of LUCAS Copernicus polygons, aggregated to NUTS0 region, as derived based on the two types of polygon definition. The

number at the top of each bar group represents the increase (in percent) between the two.

6 Conclusions

A new simplified Copernicus protocol has been defined. Some notable complications have been removed such
::::::::::::
improvements135

::::
have

::::
been

:::::::::
madesuch

:
as collecting the land cover

:::::
Level

:
3
::::
data

:
directly in the Copernicus polygon . In part because of the

improved procedure, the LUCAS Copernicus 2022 is almost completed
:::
and

:::::::::
increasing

:::
the

:::
area

:::::::
covered

::
by

::::
pure

::::
land

:::::
cover. With

150K polygons collected in 2022, compared to 60K in 2018, the dataset provides unique in-situ data for Earth Observation

applications, after the quality has been assessed. Further .
::::::::

Because
::
of

:::::
some

:::::::
inherent

::::::::::
differences

:::::::
between

:::
the

::::::
survey

::::::
years,

::
be

::
in

:::
the

:::::
form

::
of

:::
the

::::::::
sampling

::::::
design

:::::::::::::::::
(Ballin et al., 2022),

::
or
::::

due
::
to

::::::::::
differences

::
in

:::::::::::
classification

:::
of

::::
land

:::::
cover

::
or

::::
land

::::
use140

:::::::::::::
(Eurostat, 2022),

::::::
further

:
harmonisation is needed in order to guarantee the semantic consistency of the coding and legend, as

well as the temporal inter-usability of both the 2018 and 2022 data. In
:::
the

::::
event

:::
of

::::
such

:
a
::::::::::::
harmonisation

:::
by

:::
the

:::::::
authors,

::::
they

::::::
commit

::
to

::
a

:::::::::
publishing

:
a
::::
new

::::::
version

::
of

:::
the

::::
data

::
in

::
a

::::::
similar

::::::
format

:::
and

::::
with

:::
all

::::::
relevant

:::::::::::::
documentation.

:::
In terms of analysis

there is much to be done with the polygons themselves in the remote sensing context, as well as, the collection of ground photos

that can be leveraged for further computer vision work. From a data collection point of view, most issues with the surveys (FAQ145

from surveyor) have been solved. Further discussion about the data use and diffusion still needed.
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7 Code and data availability

To produce the processing pipeline the authors used both the R programming language, version 4.2.1, and PostgreSQL (13.0)

with the PostGIS plugin (3.0.2). The code for producing the dataset from the raw LUCAS data and all the figures shown in the

manuscript consists of four commented scripts - pre-processing, generating quadrilateral LUCAS polygons, generating radial150

LUCAS polygons, and producing figures and tables. The order in which these are executed is important and they are numbered

accordingly. The pre-processing includes the download of the micro data from Eurostat website2.. These, alongside a ReadMe

file can be accessed here: https://jeodpp.jrc.ec.europa.eu/ftp/jrc-opendata/LUCAS/LUCAS_2022_Copernicus/.

The produced dataset is provided in geopackage format and hosts 121 relevant LUCAS attribute columns, plus the radial

geometry of the Copernicus polygons. The dataset is available here for download (PID: http://data.europa.eu/89h/e3fe3cd0-4155

4db-470e-8769-172a8b9e8874, European Commission (2022)). The data will also be available on Google Earth Engine after

official publication. The link between this dataset and previous LUCAS surveys, or with the harmonised product d’Andrimont

et al. (2020), is accomplished via the pointid column. Although all columns come from the data, the authors have added two

additional columns - "survey_year" and "poly_area_sqm"; the first one in order to track which records come from which year

of survey; the second is the calculated area in square meters.160

2The micro data were obtained from https://ec.europa.eu/eurostat/documents/205002/17561401/EU_LUCAS_2022.zip accessed on 1/11/2023. For the

latest version of the data, please refer to Eurostat website.
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Appendix A

A1

Figure A1. Overview of how polygons were built based on the radial distance collected on the ground. A distinction can be made between

constructing a polygon based on quadrilateral distance,
:::::
shown

::
in

:
a
:::::

dotted
::::

line (
:
as
::::
was

::::
done

::
for

:::
the

:
2018

::::
survey)or ,

::::
and by generating the

radial areas
:::::
quarter

::::
arcs,

:::::
shown

::
as

::::
gray

:::::::
polygons,

:
corresponding to the field of view the observation should represent

::
(as

:::
was

::::
done

:::
for

:::
the

::::
2022

:::::
survey).
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Figure A2. Map of the LUCAS Copernicus polygon collected in 2022, only showing the crops.
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