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Abstract

Landscape features (LF) in agricultural land have potentially positive effects on biodiversity and
ecosystem services, consequently their importance has been recognized by several European sectoral
policies, amagst which the Common Agricultural Policy (CAP) and kewrdpean Union (EU)
biodiversity legislatiorsuch as the Nature Restoration Lafs the amount of landscape features is
often considered an important factor for agricultural biodiversity, indicatoradepment was needed

to assess policy performance with respect to biodiversity.

European Commission servicéarpstat, JRC, AGRI, ENDE-IS have agreed to bundle resources for
developing a policyelevant EU survey for the consistent quantificatiorited area of different types

of landscape features at MS level, and possibly at regional level (NUTS2anthelse/Cover Area
frame Survey LUCAS landscape features module was designed to fulfil this need and was first
implemented in 202ZLUCAS LF 2022)

A total of 92,633 quadratsquare of 1ha with 41 syboints insidewere surveyed for the presence of
landscape featuregencompasmg 3.8 million sukpoints). At EU level, it is estimated that landscape
features cover 5.6% of agricultural land, with taeger share for Woody features (3.2%), followed by
Grassy (1.9%), Wet (0.4%), and Stony (0.2%) types.

After delving into a comprehensive analysis of landscape feature distributions acrdsq freviding

estimates at both national and suiational leve. A detailed comparative analysis further evaluates

the results from the LUCAS LF 2022 survey against various data sources such as previous LUCAS
transectssurveyand the Copernicus Small Woody Featudaesaset enriching our understanding of
landscape fature dynamics and their regional variations. This comparative approach not only
highlights the nuances in landscape feature estimation but also assists in validating the survey
methodology, offering a robust framework for future enhancements.
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1. Introduction: Definition, context and policy relevance

Agriculturallandscapdeatures(LF) are small neproductive elements within agricultural landscapes,
providing support for biodiversity arttie supply okecosystem serviced his definition includes several
non-productive elements of European agricultural landscapes, such as hedges, ponds, ditches, trees in
line or ingroup or isolated, field margins, terraces, @tpne or earth walls, springs or historic canal
networks.

Traditionally, such elements were importantements of agricultural landscapes, closely linked to
agricultural management practices that have modified existing features or actively created them
(Poschlod & BrauReichert, 2017)Landscape features igriculturalland have potentially positive

effeds on biodiversity and ecosystem services such as habitat provision, pollination, soil erosion
control, soil fertility, water quality and water (horizontal and vertical) flow regulation, climate change
mitigation and adaptatiorfBatary et al., 2015} andsape features may not only be benefidialthe

environment, theycanalso improve field productivity by increasiagil fertility, helpingnatural pest

control (Rega et al., 201&ndimprovingwater availability. Moreover, traditional landscape features

KFE@S |y AYLRNIFYG OdzZf GdzNI £ @1 f dzST SdFwnewsddlS Wo 2 Ol
in Malta or Ireland.

The importance of landscape features has been recognized by several European sectoral policies,
amongst which the Common AgricultliRolicy (CAP) and some key components of the EU biodiversity
legslation (including the Natured’tauration Lawwith the High Diversity Landscape Featusssd

related target).

The CAP has includethe concept of LE promoting their protection/maintenance and/or
restoration/creation concepts through various instruments for more than 30 years (e.g: Agri
Environmental Measures back in 1992). LF importance has been acknowledged further with the cross
compliance system introduced in 2005. Under the current &&gulation (EU) 2021/211%ndscape
FSFGdzZNBa LISNIFAY { 2confrisuge to]tli grotedion af Diddivetsiye éhkaick S W
ecosystem services and preserve habitats and lands@agpes ¢ KA & 2062SOGA GBS Aa N
enhanced conditionlty in the GoodAgricultural and Environmental Condition&6AEC Bas a
GYAYAYdzY aKFNB 27F I NINE Bdz® 0 y&RS RISNGRIGIE R2 NU2TF §120/dzNEB 2
under the eceschemes instrument; while support remains available in the Rural Dewelop

programme through interventions under neproductive investments or in the Agnvironmental,

Climate and other Management commitments.

In line with the current delivery model, the CAP adopted a more targeted performance and monitoring
evaluation famework (PMEY, withimpact indicatorsvaluating the performance of thehole CAP

The indicator addressing landscape feat(@21/1.21% & | 0 hiie ofdgkc8itural land covered

with landscape featureé @ ! & GKS | Y2dzy i 2 n corsigered a3 lahd@porfa® | (i dzNE :
factor for maintaining and enhancinggricultural biodiversity, this impact indicator has a key role in
assessing policy performance with respect to biodiversity.

Since there was no single, comprehensive database which beulded to get a consistent overview
of LF across the EU, European Commission sersessiat, JRC, AGRI, ENDEFIShave agreed to
bundle resources for developing and implementing a peidgvant EU monitoring system all over the
27 Member States (M) for the consistent quantification of the area of different types of landscape
features at EU and MS level, and also possibly at regional level (NUTS2). ThédLBbE€ASe/Cover
Area frame Survey)landscape features module was designed to fulfil thiethend was first
implemented in 202ZLUCAS LF 202Zhe intentioristo developalong term monitoring scheme for

1 As defined in the Nature Restoration Regulation (EU) 2024/1991 amending Regulation (EU) 2022/869. The indicators are further specified in Annex IV. The
specification of the indicator ‘share of agricultural land with high-diversity landscape features’ includes the elements defined for the 1.21 indicator under
Regulation (EU) 2021/2115.

2 https://agriculture.ec.europa.eu/common-agricultural-policy/cap-
overview/cmef/implementation_en#pmefnewperformancemonitoringandevaluationframework
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landscape features in agricultural context through regular / periodic surveys. This shall enable the
assessment ahe changes in the areaeered by LF and therefore an indication of the overall impacts
of the policy.



2. Data

2.1  The LUCAS survey in a nutshell

The Land Use/Cover Area frame Survey (LUCAS) EU survey was established to provide accurate and
unbiased area estimates for various land ase land cover types across Europe, addressing key policy
interests (GallegandDelincé, 2010; Ballin et al., 2022). This suaggliesa harmonized in situ data
collection approach, covering the entire EU territory through field observations that asrtre basis

for statistical calculations.

Statistical sampling aims to maximize insights while minimizing effort and costs associated with
measurements. By stratifying theamplesinto internally homogeneous groups (strata), stratified
random sampling ajimally selects sampling units within each stratum, leading to robust population
mean estimates (Cochran, 1977). In LUCAS, sampling units are defined spatially (dratizeta
survey), allowing direct estimation of land use/cover/(@) typefrequencieswithin each stratumTo

stratify, LUCAS integrates various environmental variables such as land cover, elevation, and NUTS2
regions, ensuring balanced sampling intensity within each stratum (Ballin et al., 2018, 2022). Launched
by Eurostat in 2006 to medhe growing demand for reliable area estimations, LUCAS has been
conducted periodically since then, with surveys in 2006, 2009, 2012, 2015, 2018, and 2022.

LUCAS is multiple phasestratified random sample survey Thefirst phase samplés a systematic

sd SOGA2Y 2F LRAYGA 2y F ANARR AGK F H 1Y aLl OAay:

9! Qa (RN V(RN @) Currently, it includes around 1 milligoints andis referred

to as themaster sampleor master grid Each othesepoints are then allocatel to a homogeneous
groupof points(referredto asstratum) based on different criteria described in the next section such
as region or griori knowledge of the point land cover obtained from a photo interpretateuniliary
information or previous surveyt is, indeed,not necessary to sample all regions similarly (depending
on whether the LandJse/Cover is homogeneous or diverse), and a stratified sampling approach was
adopted, with different point sampling density in ea¢tatum. From this stratified first phase sample,
the second phase samplef points is selected to obtain the desired statistically representative spatial
distribution of sampled land cover classes according to the first phase interpretatimhto meet a
predefined criteria for the expected coefficient of variation (CV) of the estim&tete that athird
phasesamplinghasbeen added fothe Landscape feature moduf{seesection2.4for details)

The LUCAS coreariables(including themain landuse / land coverare the ones collected for each
point surveyed. In addition to the core variables, some specific/ ! { & Yvre dafri€&dzét on

RSYIFIYR &4dzOK a o0A0 GKS GNYXyaSoOd 27 dpgiinedr G2 |

landscape featureg2009, 2012, 2015), (ii) th®psoil module (2009, 2012 (partly), 2015, 2048d
2022, (iii) the grasslandmodule (2018(pilot), 2022, (v) the Copernicusmodule collecting the
homogeneous and continuous extentof landcavey | p n Y, 202D & (@2ithdandscapy
Featuremodule (2022)The LUCAS Landscape Feature module was first implemented in 2022 within
the LUCAS survey. It was carrmtt on a subsample of the LUCAS core points (92,633 of the in situ
obsened points-see sectior?.3-, first photo-interpreted on a vershigh resolution aerial orthghoto,

then insitu visited).Thein-situ or field-surveynature of the survey implies that part of the data is
gatheral through direct observations made by surveyors on the ground. Those points which are
unlikely to change (e.g. urban) and poittat are expected to beoo difficult to access (e.g. in the
mountains, estimated by reachability criterées described iBallin et al. (202Rare classified by photo
interpretation in the office, using the latest available orthbotos or Very High Resolution (VHR)
images.

The Landscape Featurmodule in 2022aimed to get a consistent, homogeneous, and statistically
represenative quantification of the area of LF types that are located in, or adjacent to, agricultural
land at the EU and MS levels (Ballin et al., 2022).

ax



From the perspective of LF assessments, the two most relevant modules are the discontinued LUCAS
transect malule (2009, 2012, 2015), and the new LUCAS LF module (2022).

2.2  First phase - LUCAS master grid

The first phaseis a systematic selection of points on a grid with & spacing in Eastings and
b2NIKAYy3Ia O2@SNAY3I (K 202K thédl ICAS Fastér igridl (masteR samples NN (
covering the entire survey area, consists of 1,029,030 points in a 2x2km griEigmac2 (a) upper

left).

2.3  Second phase - Core sampling of LUCAS 2022

Thedetails of the samplingprocedureare provided in Ballin et al. (2022) amde summarisedn this
section Fromthe master grid,aiming toselect400,000 points 399,88 were includedin the 2022
core survey, in the following referred to as LU@a&points (seeFigure 2 (a)). The number of points
beingatrade-off between the objective of the survey and the costs.

The first stratificationwas based on foudifferent variablesthe administrative regioNUTS2)the

land cover fromCorine Land Cove€[(, a photointerpretation of the mastersampleon eight raw

land coverclasseq1® digit of STR18and the resuliof aland cover predictive modeTheeightland
cover classeare: artificial land,cropland,woodland,shrubland,grasdand, bare landwater areas ad
wetlands. A-priori land cover and land use information was thus necessary for thepfiete
stratification. However, for some points, these were not availabtel a predictive model has thus
been used. The land cover and land use values were predtutealgh a random forest algorithmvith
variables, including Corine Land Cover 20i@&est type, water, distance to urban areas,
imperviousness maps, etc. Observations of land use/land cover from previous years were also used as
a predictor variable wheavailable. Some other variables were also predicted, such as reachability
(i.e.,how accessible is the survey point location).

Accordingly, 1,029,030 pointén the master grid were divided into a set of strata, accordinipése
four different criteria:

1. NUTS2 regions (242 in 20)

2. Corine Land Cover 2 digits (15 values)

3. STR18 (8 values)he raw photo-interpreted land cover from the 2018ratification
4

Flag indicating if the assigned Land Cover value is equal to the predicted one (flag=1) or not
(flag=0).

This created a total number of 22,173 strata (out of 58,080 possible) for the master grid. A total number
of 399,618 points were selected for LUCAS core, where their distribution into the different strata was
based on minimization of the expected aertainty. Subsequently, 199,823 of these points were
selected for imsitu observations, the rest (i.e. 199,825) for photo interpretaiiothe office Points to

be field surveyedvere randomly sampled based on a predetermined inclusfmobability, partly

based on reachabilitySome land use classes were given a lower probability of being sampled (10%),
such as urban fabric areas, roads, industrial areas and airports, as these are unlikely to change. Points
that were close to urban areas were given anréased probability of bemp included in the field
sample.Additionally, as an obvious logistic constraint, the points in the soil sa(@fl@00 points
altogether, 15,00(elonging toa panelcomponen) were always surveyed in situ.

3399652 points were selected, but four of these did not pass quality checks.



24  Third phase - The LUCAS Landscape Features module

Compared to other variables within the various LUCAS modules, landscape features have the
particularity of being a land class covering a relatively low proportion of the territory and having a
fragmented spatial behaviour. Undéhose conditions, clusters sampling desicgare more cost

efficient and perform betterat WO I ingRdzNIK S&S TSI (G dzNB & Thié B Whyfit @as2 SaG |
proposed to use a second level of sampling point through a cluster of 4paants (regular gd) in a

1-ha square (or 100m quadrat) around the LU@A% point (instead of observing only that point)

(Figure 1).

Figure 1: Example of a 100-m quadrat with 41 sub-points, LUCAS core sampling point in the centre (E5) (source:
LUCAS documentation)
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With the introduction of clusters in the final steg the sampling desigrthe overall scheme can be
seen from a slightly different perspectivevith the 1-ha quadrats considered abe elementary
territorial units of the entire sampling procesgor LUCAS Core, we only observe the central point of
the sampled quadrats, while for LUO&8dscapdeaturewe observe a systematic grid of points inside
the quadrats subsampled in the thigghase Therefore, the LUESLF sampling approach can be
described as a threphase scheme with two stages in the third phase.



Figure 2: The LUCAS LF (Landscape Feature) sampling design follows a three-phase approach. In the first phase, a systematic
2-km grid is drawn across the EU. In the second phase, a stratified random sample is drawn based to obtain the LUCAS core
sampling. The sample is then divided equally for field survey and office-based photo-interpretation. Finally, in the third phase,
within the Landscape feature module, a further stratification was done to prioritize agricultural land where landscape features
are more likely to occur (eligible points). The selected samples undergo were used for photo-interpretation and field surveys
with 41 systematically distributed sub-points collected within each 100m*100m quadrat (source: Own elaboration).
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To limit the scope of the LF module to the relevant agricultural landscapes, survey locations for the
landscape module were selected amaoglggible locéions (see below}hat had already been selected
for the insitu observations during the first stratification phaseis subsanpling only amongeligible
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locationscan be seen aa newstratified random subsample of the LUCAS Core sampling ptonts
prioritize agriculturalland where landscape features are more likely to ocdaligible points) The
LUCAS points (the centre of potential quadrat®re regarded as eligible iheir centre could be
classified irone or more of the following three classes:

1. Land Use = Ull* (Currently used agricultural land, fallow land and kitchen gardens, value
either from LUCAS 2018, or the predicted land use, as described in se@johhe land use
classification is provided in Eurostat (2022b

2. STR18 = (1,2 or 3) (either Arable land, permanent crops, or grassland in the photo interpreted
land cover from the 2018 survey)

3. CLC18 = 2 (Arable land, permanent crops, pastures or heterogeneous agricultural in Corine
Land Cover 2018 or the classificain seeETC/UL$%2017)

From the subsample ddligible quadratsan additional subsampling was done to ensure a spatially
balanced sample among countriga(lin et al., 2022 Additionally,as previously mentionedipcations
selected for the soil module weralso added in the landscape feature module, if not already included
from the first selection (to optimize transportation during field survey).

Finally, the selected samples underwent phatterpretation and field surveys using 100 m quadrats
(Figure 2 (b)), with 41 systematically distributed sydwints in each quadrat where information was
collected.

Table 1 gives an overview of the points in the LUCAS survey, including how many were selected for in
situ observations andater for the LF moduletabulated from the data set§ he difference between

the selected number of points and the number available for LF after data cleaning is mainly a result of
removingpointsclose tothe bordess between either Eenia, Latviaor Lithuania on one side atlssia

or Belaruson the other side(this was donefor security reasongluring field survey The missing
locations are shown iFigure 3. Further details on the LUCAS 2022 sampling desig given by Ballin

et al. (2022).

In 2022, nearl3.8 million subpoints were surveyedt the 92,633 sampling units (quadrats). All points
and subpoints are geeeferenced using the official European projection system, LAEA Europe
EPSG:303fhttps://epsq.io/3039. This ensures consistency acros$/dl

Table 1: Overview of points in the LUCAS survey (source: Own elaboration)

LUCAS Core| LF eligible
ALL (LUCAS master grid) 1,029,030 496,297
Included inLUCAS 202@ore 399,648 242,599
Included inLUCAS field survey 199,823 137,764
Included inLF module 92,629
Available for LF after data cleaning 92,382

11
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Figure 3: Map showing in violet the locations where an LF-quadrat was in the sample design, but do not appear in the final
data set (source: Own elaboration).
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The ratio between the LF eligible points that were selected to be in situ observed and the total LF
eligible points in LUCAS core is 0.56787 (137242,599). Figure 4 shows the relationship between

the different sampling phases of LUCAS. The small part of the LF sample fretigitdea LUCAS Core
data is caused by the inclusion of points from the soil samplepa® of them are from nowligible
locations.Table 2 depicts the distribution of the selected LF sample points by country.
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Figure 4: A graphical representation of the relationship between different sampling phases in LUCAS. The numbers are taken
from Table 1, except for the ones in brackets (source: Own elaboration).

LUCAS master
grid
1,029,030

LUCAS field survey
99,823

LF sample

(62,059)

(157,049)

Table 2: Distribution of LUCAS and LUCAS Landscape Features selected points per MS and Total EU, from Ballin et al. (2022)
and tabulated from the data sets. Column description is below the table* (source: Own elabroration).

LUCAS LFfield

LUCAS Master: LF| Core: LF | survey: LF LFSampling
MS | mastergrid | LUCASDore eligible Eligible Eligible LF sample rate
AT 20,982 9,285 9,158 6,077 4,304 1,653 0.38
BE 7,674 7,302 5,458 5,183 3,652 885 0.24
BG 27,729 12,901 13,886 7,911 3,509 2,720 0.78
CY 1,373 1,342 588 588 486 228 0.47
CzZ 19,716 9,105 11,201 7,258 3,768 2,075 0.55
DE 89,409 46,153 54,521 31,835 16,776 9,583 0.57
DK 10,776 6,982 8,094 5,666 4,300 1,479 0.34
EE 11,325 2,451 3,652 1,296 769 728 0.95
EL 32,848 18,860 14,113 8,942 5,327 2,843 0.53
ES 124,553 31,008 65,015 19,838 12,615 12,291 0.97
FI 84,330 11,528 12,279 4,824 2,364 2,257 0.95
FR 137,039 55,915 82,431 34,999 21,153 15,453 0.73
HR 14,134 5,816 4,965 2,344 1,616 1,062 0.66
HU 23,269 7,700 16,116 4,960 2,413 2,408 1.00
IE 17,435 8,597 12,383 6,208 3,567 2,320 0.65
IT 75,036 34,807 39,794 15,561 9,749 7,759 0.80
LT 16,234 5,424 9,065 3,785 2,949 1,647 0.56
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LUCAS LFfield

LUCAS Master: LF| Core: LF | survey: LF LFSampling
MS mastergrid | LUCASore eligible Eligible Eligible LF sample rate
LU 644 643 390 390 299 120 0.40
LV 16,136 6,769 6,109 1,903 1,247 1,205 0.97
MT 80 75 59 54 35 35 1.00
NL 8,929 7,834 6,752 6,169 3,737 1,106 0.30
PL 77,964 35,068 46,141 27,832 14,860 8,567 0.58
PT 22,142 6,735 9,206 3,930 2,642 2,083 0.79
RO 59,561 23,266 36,111 17,486 6,862 6,569 0.96
SE 112,385 34,480 21,544 12,420 5,144 3,875 0.75
Sl 5,062 3,964 1,616 1,130 920 343 0.37
SK 12,265 5,638 5,650 4,010 2,701 1,088 0.40
EU 1,029,030 399,648 496,297 242,599 137,764 92,382 0.67

* The columns in the table represent the following:

LUCAS master gridrhe total number of points in the 2x2 km systematic grid covering the entire EU territoryassée first phase of the LUCAS sampling
framework.

LUCAS Cord he subset of points selected from the master grid for the core LUCAS survey, aiming to provide a representative $antpieséoand land cover
analysis.

Master: LF eligible The number bpoints in the LUCAS master grid identified as eligible for the Landscape Feature (LF) module, based on criteria such as
agricultural land use and land cover.

LUCAS CoréF Eligible: The subset ofdligible points within the LUCAS Core sample, usebleabasis for further L-Bpecific sampling.
LF field surveyLF Eligible: The number oféligible points that were selected for-gitu field surveys, representing a more focused subset of the core sample.
LF sampleThe final number of points surveyeat flandscape features, including bothsitu observations and thosenalysedhrough photointerpretation.

LF Sampling rateThe proportion of LEligible points in the LUCAS Core that were ultimately included in the LF sample, indicating the efficlermyeaage of
the LF module within each MS.

2.5

This section summarizes the field survey protdbat is described in detail ithe instructions to LUCAS
surveyorgEurostat (2022pin particular for the LF module instruction, pp3t239).Each of the sub

points is surveyed according to a simple LF typology for the presence of landscape features. At each
sub-point, up to 2 LF types (LF1 and LF2) can be identified (in case of overlapping landscape-features
e.g. a tree over a ditchT.hesurveyingof the subpoints is carrieebut in 2 steps:

LUCAS LF survey protocol

Step 1 is an officbased photeinterpretation (PI), where the supoints are evaluated based on very
high resolution (0.% 1m) ortho-photos for the presence and type of LF.

Step 2 is the LUCAiSId-survey ES of the same observation units, whead_F identified duringtep
1 hasto be confirmed or corrected isitu.

Each sulpoint is classifieihto one of thefollowingseven different LF typeZable 3), i.e. W: Wood/
vegetation G: Permanent grass / herbaceqds Temporary herbaceouB: Ditches and stream®:
Small ponds and small wetland®: Stone / earth walls, cairns, and terraessi C: Cultural features
Forthe indicator computation, foumain LF typewere considerel consisting as WG, Sandamerged
category We(B) combining D and P as summarizeBigare 5. Trese four LF typeslsocorrespond to
0KS aFdzyOGA2y Il [ C Cackkd @2 baded de2synfeSiy d? frévious &
EUdefinitions anddata sources
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Table 3: Names and definitions of the landscape feature types distinguished in the LUCAS LF module (2022) (source: Czlicz et
al, 2022a,b)

Code & Definition / instructions
name

W: Waody This type includes isolated trees, trees in line, hedgerows, riparian woody vegetation (along water course), or an
vegetation LF | strips (<20 m) of land covered by trees and shrubs within an agricultural context. This type can also inclugtespsal
of trees, field copses, or any small groups of woody sehiral vegetation in an agricultural context (<0.5ha). On thg
other hand, productive trees in agfforestry systems or in orchards shall NOT be considered as LF in the LUCAS |
module. In ase there is a grass (herb) layer under the woody vegetation, the woody feature is considered to inco
GKS dzy RSNI 8Ay3a ANl aa f1&88SNJ G220 6X0 ¢KS YIFEAYdzy | N
G: Permanent| This type consists of permanerdrai-natural herbaceous vegetation (typically grass and/or perennial herbs) which
grass / G§KS | INROdzA GidzNF £ O2y GSEGS YR 6KAOK INB y2i RANBOID
herbaceous LK margins, buffer strips (along ditches or ponds)any other small pieces of segfil (i dzZNJ f KSNBH I 0S2d
long as they araext toarable or permanent crops fields. The minimum width of this type is 1m (for ensuring
persistency) and the maximum width 20m. Nevertheless, this type of Likdesgbarcels of actively managed grasslar]
(used for grazing or fodder production), and large patches of (Jeatiiral grasslands (wider than 20m). Furthermore
farm tracks with grass, and grass strips between the rows of vineyards/orchards are alsteéxam the LUCAS LF
Y2RdzZA S 40215 yR G3IN}aae YINBAyaéd GKEG FNB ySEG
grass/herbs landscape features do not include the grass layer under a woody feature, nor wet marsh vegetation
are registered either with code D or P).

T: Temporary | This type consists of narrow strips of cropland planted with-pooductive crops or flowerich fallow (weed) vegetatior|
herbaceous Ll inside arable land or permanent crops (typically along field majgdeliberately sown by the farmers to support
OAZRAGSNEAGE oX0® ¢KS YIEAYdZY ¢ARGK 2F (KAA &dzomiely
considered in the LUCAS LF module. The minimum width of this feature type is 1m. Exclusémysspéts resulting
from the failure of arable crops. If a grassland strip shows the characteristics of both a temporary (T) and a perm
(G) grassland strip, then G should be chosen.

D: Ditches and This type includes small water courses (G&ifin an agricultural context, including the open water surface of strea
streams RAGOKSas FyR avlrtt OKFIyySta FyR GKS | R2FOSyid YI NEK
at the moment of observation can also be registered as Beif/fegetation reveals a regular presence of water.

Exclusions: Artificial constructions (channels with walls of concrete and subterranean constructions) are exclude
sub-point falls on edges or banks along small water bodies, it shall be recordachssp as e.g. grass (G), or woody L
(W) (according to their nature), if they satisfy the relevant criteria.
P:Smallpond{¢ KA & (eSS AyOfdzRSa aviff LI GOKe fFyRaOlLIS TSI GdzNS 3
and small agricultural context up to a maximum size of 0.5 ha. The type also includes accumulations of still water formed n
wetlands (e.g. wetlands, lakes, natural lagoons, seepage areas) or artificially (e.g. pits and waterholes). Small ponds can d
core of en water and an adjacent wetland, characterized by marsh vegetation (e.g. reed or sedge beds) adapts
dependent on the regular presence of surface water and high water levels. Exclusions: reservoirs lined with cond
plastic and depressions ed as landfills. If a sgoint falls on edges or banks along small ponds, it shall be recordeq
separately as grass (G), or woody LF (W) (according to their nature), if it satisfies the relevant criteria.

S: Stone / Thisi @ LIS Ay Of dzZRSa LIAfS&E 2F NRO]l 2N adz2yS 27 SIFNIK Yl
earth walls, |landscapes. Such features may be natural (e.g. secular stones) enat® often historical, objects (e.g. dry stone

cairns, and  |walls, clearance cairnterraces). Terraced hillsides are anthropogenic structures created to reduce the risk of erog
terraces Oz2yaradayda 2F 2yS 2N Y2NB aadsSLiaé 6aisSsSL) aSoOiArzya
FyR aflyR of 201 aasedfdr adridiltusal $rodiictich yséparitdd Ibyiithe IstéhB). If trees and shrubg
(liana) cover the stone walls, both features shall be registered. Herbaceous vegetation, on the other hand, is con
to be an integral part of S. If a spieint falls on tke flat part (land block) of a terraced hillside, it shall NOT be record

S.
C: Cultural Cultural features are local elements of cultural heritage that provide ecosystem services. This type includes histo
features mounds (round or elongated massefsearth protruding above a flat agricultural landscape, typically of (pre)historic

origin and covered in sermatural vegetation: e.g. burial mounds, prehistoric tells, Cumanian mounds, and historic
earth banks). Historic mounds are covered either bynpanent grass (G) or scrub/trees (W), which shall be registerg
the primary LF, and the LF code C should thus only be used as secondary LF type.

In summary, he four main LF types within the LUCAS LF module 2022tlnese

Woody: Including hedges, wded strips, isolated trees, trees in line, grouped trees.
Grassy: Comprising field margins, buffer strips, and grassed thalwegs.

Wet: Encompassing ditches, ponds, seepage areas, and small wetlands.

Stony: Coveringtonewalls terraces, clearance cairngjyagrock outcrops.

The minor LF type§and Cfeatureswere both too small to have any influence on the estimates and
are not included in the analysis below.
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Figure 5: Different types of landscape features are categorized in four key groups: Woody, Grassy, Wet, Stony (source: Czlicz

et al, 2022a,b)
-
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+ Ditches (D) ...
« Small streams (D) + Stone walls
» Small ponds (P) + Clearance cairns
» Small wetlands (P) * Terraces

Importantly,the LUCAS LF module considers only LF that are in an agricultural comatecttwithin
specific size limits (linear features having a wigthater thanlm andsmaller than20m and patchy
features covering an area between 1and 5000m). Full details are available in tHéstructions for
a4 dzNJJ S & 2 NBA Burditat @a27a%ettion &17)

The definition ofWgricultural landscape featured A Y RA OF G SR | 0 @@ 8lIsnorA Y LI A O
productive LF that are lying:

0 within an agricultural field (i.e., typically within arable land, grassland or permanent crops);
0 between agricultural fields;

0 between an agricultural field and linear infrastructure (farm track, road, or raitway)

o]

between an agricultural land and detached buildings (individual farmyards; agricultural buildings);

and
8 0SG6SSY Iy FANROdzZ (GdzNI £ FASER YR gFGSNJ 62RASaA
Similar éatures(trees streams,hedgerows etc) layingoutside of an agricultural context(with no
adjacent agricultural fieldyere not taken into accounby the LF module surveZonsequently, each

sub-point was assessed for the presence and type of LF in agricultural land based on a series of
guestions:

3 doesthesulpoA yi FlLEt Ay Iy WFINAROdZ GdaNI & O2yGSEGQT

16



o0 ifyes, does it fall on a landscape feature (a+pooductive element);
o0 ifyes, what is the type of the LF at the location of the-pomt?

This approach is particularly adapted to a swift point survey (no needlioedge the area of LF). It

a2 SyadNBa G(KFG ay2 2yS Aa f STinaubKdng®e A OSo

embedded in an agricultural context will end up in one of the classes (if there isgoulfalling on
them).

Note that, in adiition to suvey protocol(Eurostat (2022a);hapter 8.1, a complementary guidance

was provided to the surveyors, aiming to harmonise the interpretation of whambedded in or
adjacent to agricultural landfheans in practicésee Annex3 of this report)This additional guidance
outlines a structured decision process for phdatterpreters and field surveyors to achieve
harmonized and robust survey results, focusing on size, adjacency, and the identification of potential
LFs. Theadditionalguidance aimso facilitate more objective and reproducible decisions, enhancing
the consistency of data on landscape features across the EW.dbbument wa important for
accurately capturing the diverse elements within agricultural landscapes, from the initiafickeign

of agricultural land to the detailed analysis of "small island features" and "bordering features," thereby
contributing significantly tstreamliingll K S & dzNJJ S & 2 Nthe(andsdafiglfeatdds inddalgs 2 F
methodology.

2.6 The 2022 survey

The survey was carried out between March 2022 and August 2023. Figure 6 gives an
overview of the number of samples that were collected each day during the survey
period.

Figure 7 providesa map owerview, showing in which periadifferent regions of Europe were surveyed.

Most of the locations were surveyed in 2022, only 784 quadrats had to be surveyed in 2023. Half of
these were in France, the remaining ones mainly in Belgium and Finl@hch few quadrats also in
Luxembourg and Poland.

Table 4 provides an overview of the surveyed locations per month in the individualT¥é& survey
started in Cyprus, with thérst 51 quadrats surveyed in March 202248 more quadres in 13 more
countries were surveyed in April 2022, witligest effort in Spaif298 quadrats).
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Figure 6: Frequency of the number of field survey observations according to the date (LUCAS 2022 LF module) (source: own
elaboration)
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Figure 7: Sampling date range for the LUCAS 2022 LF module (source: own elaboration)
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Table 4: Number of quadrats surveyed by month per country (source: own elaboration)

MS | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
AT 0 0| 464 | 520 | 602 67 0 0 0 0
BE 0 0 30 | 144 81 | 146 | 141 | 173 5 0
BG 0 25 | 529 | 353 | 429 | 373 | 414 | 594 2 1
CY 51 50 38 9 1 52 9 18 0 0
CZ 0 5| 122 | 421 | 432 | 590 | 405 99 1 0
DE 0 895 | 1577 | 1645 | 1410 | 1851 | 1132 | 1060 13
DK 0 113 | 147 | 554 | 348 | 225 92 0 0
EE 0 0 | 130 | 160 91 | 137 | 114 83 13 0
EL 0 84 | 503 | 448 | 509 | 395 | 663 | 241 0 0
ES 0 | 298 | 2675 | 2976 | 1929 | 2563 | 1497 | 353 0 0
Fl 0 0 15 | 239 | 172 | 291 | 456 | 708 | 175 5
FR 0 | 114 | 1706 | 2856 | 3607 | 3023 | 1915 | 1480 | 328 11
HR 0 5| 358 | 127 | 192 | 269 | 111 0 0 0
HU 0 520 | 434 | 567 | 753 | 134 0 0 0
IE 0 0 | 228 | 485 | 468 | 459 | 273 | 216 | 182 9
IT 0 68 | 1596 | 2598 | 2356 | 809 | 292 36 4 0
LT 0 233 | 358 | 374 | 337 | 296 33 16 0
LU 0 0 51 18 16 9 20 3 0 0
LV 0 189 | 319 | 156 | 195 | 240 94 12 0
MT 0 35 0 0 0 0 0 0 0 0
NL 0 0| 180 | 163 | 233 | 221 | 138 22 | 107 42
PL 0 50 | 1206 | 1788 | 1798 | 2595 | 985 | 126 11 1
PT 0 39 | 481 | 259 | 502 | 387 | 328 86 1 0
RO 0 16 | 745 | 1490 | 1455 | 1308 | 1555 0 0 0
SE 0 0 96 | 624 | 1028 | 915 | 497 | 492 | 223 0
SI 0 11 | 135 98 44 26 29 0 0 0
SK 0 48 | 244 | 212 | 271 | 170 | 135 6 2 0

To carry out the survey, theurveyors have a ground document (see exangpha=igure8). This ground
document provides thaletail mapping of thequadratand its 41 sufpoints with mostrecentaerial
ortho-photo in background |t also provides infanation from previous survey (photpdata collected)
if the LUCAS coneoint was visited previously.
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Figure 8: Examples of ground documents, including the aerial ortho-photo used for the photo-interpretation (above Ireland,
below France) (source: own elaboration using LUCAS documentation)
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The JRC supported LUCAS surveyoasighl & C! v Y Sr@eily dukirdy ¥hé trainingeriod
and the first part othe photo-interpretation and field surveyDecember 2021 July 2022)JRC has
received 4Zormal requests from 12 different MS. A summary of these requests can be sdabia
5.

Table 5: Overview of the “FAQ requests”. The questions are classified into “decision types” (source: own elaboration).

Type|Description Count{ Share*

S |scoping decisions to determine if a larger area is relevant for the LF module or nof 23 | 55%
RSOAaAA2Yy A | 02dzi aLUBASLENs GidedR Xy 3 | YIRS &
causing scoping issues:

s: (slightly grazed) semitural grasslands with shrubs and trees (and possibly| 18 | 43%
stones/rocks + small wetlands)

b: (partly) abandoned agricultural fields (often in a mosaic with active ones) 5 12%

u: sulurban settings with buildings gardens + allotments (many small parcels withu| 2 5%
use/identity)

FY FaAINRPTF2NBAGNER deadsSvya o{(iNBdzzoalsAr| 2 5%

i: industrial agriculture (greenhouses, animal stalls... agriculture with a Iq 1 2%
anthropogeric objects)

D |delineation decisions-to determine the boundaries of (homogeneous) patches 12 | 29%

C |LF types (=classification / categorization)questions related to the definition| 8 19%
identification of 22 LF types

G |geometric decisions- to determine if the patches meet the size and adjacg 7 17%
constraints

T |topological decisions to determine if a specificsubJ2 A y i aK2dzZ R 0§ 7 17%
Lfedaz2ys 2N az2dziaiARS 2F¢ AGO

& The scoping decisions cause the most problems ¢ostiirveyors (55% of the requests). Scoping
issues may have consequences on data qualityparticular marginally grazed sermatural
grasslands mosaicking with trees and shrubs cads#&dultiesthroughout EuropeMost critical
situations occurredéh the Mediterraneané€.g.Greece reportea significant numbeof LF quadrats
asay 20 AykySIl NJ)lsmisdy Sudbt siiudzNds tve &ldofguRdsn ttaly, Spainand
Portugal However, this issuavas also found irEastern Europe (e.@ulgaria Romania), and
Scandinavia (e.@weden. The problem is often connected t@emi)abandoned agriculturealso
some types of groforestry systemge.g.Dehesa/ Montado) can cause problemi identifying
GF ANROdzt GdzNI £ £ FyRe Ay IS MNSIOf MdzaARRdf 21 F6iRAKSESS Gl
I 3 NA Odzf (i dzN&rsidesedir? thef fiRuredirSorder to optimize the survey for its most
important policy goals.

0 Delineation issues, accounting for 29% of the queries, concerned the boundaries of homogeneous
patches within the landscape.

0 Classification issues of landscape features, which made up 19% of the inquiries, were about
identifying the type of feature, especially in boundary cases.

0 Geometric issues, which comprised 17% of the inquiries, dealt with whétegratches met the
specified size and area constraints.
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& Topological issues, also making up 17% of the inquiries, revolved around determining whether a
specific sukpoint fell within or outside of a polygon.

This data reflects the nuanced and complex matof landscape features in agricultural lands and the
various interpretations that can arise during a comprehensive field survey.

2.7  Data processing

Qrveyed  data is available at the Eurostat  official data portal
(https://ec.europa.eu/eurostat/web/lucas/database/203Zas a single CSV file that has all relevant
attribute information from all modulesThe file was downloaded anah,arder to facilitatethe analysis

point identifier columrs, GPS position and reference, relevant land use and land cover, and all
landscape feature (LF) specific attributes were selecMidecordsK | @Ay 3 G KS (G NR o dzi S
set to zero, meaning not padf the initial LF sample, we excluded. The restuitg table wa uploaded

to a postgreSQL database, where further procesking place in a dedicated form to fit the purpose
schema. Most notably, the data waonverted from wide to long format, showing the repeating point

ID for every sulpoint ID (pointin quadrat ID), and the respective value, or LF type, found at each sub
point for each one of the foutypes of LF survey conductedH1l and LF2 both for Photmd field
survey). Data wa then combined into a single table, projected to a geoméite: converted from
alphanumericaValues to vector geomey and checked for spatigquivalence. Subsequently, the 41
guadrat point geometries we built based on their distance from the central LUCAS point and the
attribute information transferred accordingliReclassifications of different cases of missing values and
adding a column that combines th&Fand Pinformation by coalescing them in certain cases of said
missing values follosv Finally unnecessary columwere dropped and performance indexes builher
produced dataset has 92,382 unique point IBach with 41 suipoints that ma@ up the LF quadrat

for that point ID, for a total of 3,787,662 records of LF types, or their lack, across the EU.

28 Online viewer

An innovative online dashbodt(Figure 10) has been developeby the JR® effectively manage and
navigate through the complexities of the landscape features (LF) dataset.

The web application is created as a Jupyter Notebaskg the Python programming hguage and
deployed using the Voila pludiThe services provided by the JRC Big Data Analytics Platform){BDAP
are used by the dashboard to visualise and interact with the source datéisetsase mapsn raster
formats and the vector LF data storedarPostgreSQL databas®.new open source library, called
VOI8and recently deployetty JRCwas used for the graphical user interface: it features a collection
of widgets thatprovide a modern look to the application and simplify the creation of dataric
dashboards

The source code of the applicatias organised followinghe objectoriented framework thus
subdividing thecode in classes thaencapsulatedata and function membersThe following UML
simplified schemFigure 9) shows theclasses and modules that make up the LUCAS dashboard and
the relations among them:

4 https://jeodpp.jrc.ec.europa.eu/eu/dashboard/voila/render/REFOCUS/Lucas/Lucas.ipynb (only accessible for EC services upon request)
5 https://jupyter.org/

6 https://voila.readthedocs.io/en/stable/index html

7 https://jeodpp.jrc.ec.europa.eu/bdap/

8 https://code.europa.eu/jrc-bdap/vois
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Figure 9: UML schema of the LUCAS dashboard (source: own elaboration)
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Designed to serve as a dynamic link between data, policy, stakeholders, the dashboard is
comprised of three integral componentshe 'Viewer' provides an interactive visual exploration of the
suvey, enhancing user engagemettig 'Editor' function allows for the critical rnterpretation and
guality assessmentf data points, ensuringhe reliability of the datasetjastly, the'Indicators'
component offers a visualization of key metrisgpplying a holistic view of laRd featuring advanced
tools for indepth analysis at the NUTS2 level for regspecific isights. This multifaceted platform
streamlines the synthesis and dissemination of data, fostering informed degisiing and policy
development.

Figure 10: An EC-internal online dashboard has been developed to visualize the survey results (geometry, table, photo, ground

document): https://jeodpp.jrc.ec.europa.eu/eu/dashboard/voila/render/REFOCUS/Lucas/Lucas.ipynb (source: own elaboration)
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2.9 Internal Quality Control

The aim of the Quality Controbperated byEurostatand LUCAS contractoris, to validate the data
and photos collected during thghoto-interpretationand thein-situ surveycampaign.

The quality control measures atenducted in accordanogith the reference document "C4Quality
Control" Eurostat(2022c) on the points indicated by thEuropeanCommssion(Eurostat).

Quiality checks include:
d Correctness of location

0 Current land cover, land use and agnovironmental data, extended grassland (plausibility) and
grassland module, landscape features (plausibility), Copernicus

0 Logical consistency of the @a(including change analysis)
o ltinerary of the surveyors (using the GPS tracks)
0 Photo: existence of mandatory photos, quality, anonymization

Collecteddata goes through a muitevel chain of quality controls, starting with embedded automated
guality contols on data input, followed by a visual consistency check in order to guarantee its good
guality. All data is verified atgional officer and/orcentral officer level and if conformant with the
guality requirements, it is then forwarded up in the qualityntrol chain to the independent external
guality control (XQC) and the Commissfjgarosta). If mistakes are found, the data is returned to the
surveyors via the responsibteentral officerfor further corrections and possibly revisiting the point.
Thenthe point is again checked by the XQC. Fin#ly data is sent to the Commission for final
approval.

2.10 Point post-processing

Following the surveythe data preprocessing and the quality check, sonuesdescribed hereafter
had to be defind to procesgshe points collectedo compute the indicator described in the following
section

During the field survey, the surveyors had the possibility to register two different landscape feature
types for each point in the quadrat. This would typically happen iea trown covered another
landscape feature. LF1 would then be registered as Woody, whereas LF2 would be registered as the
landscape feature observed below the tree crown. However, grassy landscape features were never
registered as LFZhe reason for thisvas that the grass (herb) layer beneath the woody vegetation
was categorized as part of the woody element, and in the case of wet features, it was included in the
feature if the grass spanned no more than 20 meters in wid#2 would therefore only indie stony,

wet and the few cultural elements.

When two LRypes were registered for the same pointe(iLF1 and LF2), only one was usedun
calculation toestimate the share of landscape features in agricultural land. For the total share of
landscape datures, there is no difference between using LF1 or LF2. For the individiypesFwe

can either choose between one of them (this assures that the sum of thgkFE is equal to the total

share of landscape features), or choose points that have thggdd=in either LF1 or LF2. In the last
case, the sum of the individual shares will be more than the total. We chose to select only one of them,
i.e., use LF2 when this was wet or stony, as these are the more permanent features (tree crowns might
increaseor reduce in size with growth or falling branches). LF1 (stony or grassy) was used when LF2
was cultural (only 2%ub-points).

Lastly, there were some points that were not accessible to the surveydre field for different
reasons. The methodologicaltap was not designed for missing values. Hence, it was chosen to use
the photo-interpreted values in these cases. Timayintroduce some errors, but concerns a relatively
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small number of points. The combined set of landscape feature values will be ceferras the
consolidated_Fvalue.
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3. Method to calculate the indicator

The indicator addressing (F21)A & | 0 2gtere ofaétiultucal land covered with landscape
featurest dwake§timated based on the LUCAS LF module and the LUCAS Core datis@tgfa
rigorous statistical protocol.

3.1 Extrapolation weights for the strata

When computing a mean or a total from a stratified sample, such as the LUCAS data, the samples in
each straturmeed tobe weighted in the computation. In the simplest case, sasfor the LUCAS core

data, these weights are for each stratum the ratio between the total number of points in the stratum,
and the actual number of samples. If, for a stratum, there @regpoints in the mastergrid and s

points in the LUCAS core sample, the weight of the stratum is O 70 .

To find the weight for the landscape features, we also need to take into account the subsampling ratios
(see Figure 2).

First, the points are separated into eligible and r@igible points. The noeligible are the ones where
landscape features (in agricultural land) are unlikely to be observed, whereas the eligible are the ones
where we might obsrve landscape features (where either predicted land use, STR18 or CLC18
indicated possible agriculture). This is not a statistical subsampling, as the intention is only to avoid
spending survey efforts where it is anyway not likely to observe landscagiardeelements in
agricultural land.

The first subsampling took place when points from LUCAS core were selected for the field survey. If
there ared eligible points in LUCAS core, aihd points in the field survey, we can refer to the
eligbility ratoeasQ 0 70 .

The second subsampling was when points for the landscape feature module were selected from the
eligible points in the field survey.lfae points were selected for the landscape feature module, then

we will refer to this rate as the landscape feature subsampling weight 0 70

The combined weight for the landscape features for a stratim () will then be

. 0 20 0 20 ¥ o (1)
0 - — 0 z0 10
Q 0 70 7

We can see that the number of points in the field surigy ) is not part of the final equation.

As a last stept ivas necessary tmodify the weights tocorrect for the fact that some of the strata did
not include any quadrats in the ithodule, even if the strata had k#igible pointsThis would in most
cases happen if the theoretical subsample of the stratum was low (estimated itothe renge 01,
sometimes rounded to 0) or if none of the eligible points were reachabtme or more strata in a
NUTSZegion with LFeligible points had zero points in the-hiodule, all weights in the region were
modified as:

) - B 0O
v v B U z0O0 o (2)

where the indicator function {( i mgan® that the denominator only includebet number of
eligible points in LUCAS core for strata where pointsewsslected for the LF modulé similar
correction would have to be done on a national level if there were any NEigfiEghs withoutgquadrats
in the LF module (only the case for Brussels in Belgium).
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3.2 Calculation of .21 indicator

The idea of the propose@AP indicator 1.21 is that it should indicate the share of agricultural land
covered with landscape features. The following shows a procedure for computing this proportion
based on observations from LUCAS core and from the LLiDAScapdeature module.

For each quadrat we have a ratio  which is the number of relevant (linked &griculturalland)
LFsub-points in a quadratd) divided by the number afub-points in the quadrat (41): w7t plf,

for examplethere are threerelevant LF supoints in a quadraty  oft p For a region r, we can
compute the average percentage of landscape features in the sampled quadrats as a weighted
average, where the weights are depending on the strata:

BO® i (3)

However, the estimated above is not the share of LF in agricultural land. It gives the average share of
LF in all eligible quadrats, whether the land cover of the quadrat is agricultural, agrityltural, or

not agricultural land at all. Actually, it can be noticed that the number ofpmibts with agricultural

land cover in the quadrat is not used to compuie We underestimate the share of LF on agricultural
land by usingo, as the denominator also includes points that are not agricultural. For example, if only
20 subpoints in a quadrat are agricultural, we should rather divide by 20 to find the share of LF. But
this information is not availabldt was not sampleds itis not strictly necessanfor computation of

the indicator. Instead, we camse a twestep approach where the values @f in the region are first

used to estimate the total area  in agricultural landf one or more LF classes in the region:

5 ©0zp 0" & 0@ 0 (4)

whereO is the total area of the stratum defined litg number ofeligible quadrats an® is the area

of each pixel in the master grid. For the LUCAS sample, this will b&@® Rmultiplied by the number

of eligible quadrats. Tehindicator {&;p ) giving the percentage of landscape features on agricultural
land will then be

&p 6 10 (5)

where 0 is an estimate of the agricultural land area.

The agriculturaland area can be found from different sources. However, for consistency, we will
estimate it from the LUCAS core data, counting for how many LUCAS points in a stratum the land use
and land cover together indicate that the poimtlongs to an agriculturalass:

0 T 2 0 a (6)

Here ws is the weight for LUCAS core for a stratgmandz is the number of LUCAS points in the
stratum which are classified as agricultural land cover on agricultural land use.

Thedenominator in EQ(5) is the agricultural area, and the selection of points to include here will highly
influence the final value of the indicatofFable6 gives an ovelnew of land use classes and land cover
classes that are included as agricultural area. The LUCAS core data has for some points two land cover
andor land use classes. An example could be that the first land use cld3%99Electricity, gas and
thermal power distribution) or U311 or 312 (road or rail transport), whereas the second one is U311
(agriculture). In that case agriculturgethe land use belowhe other features (either power lines or
bridges), and should be counted as agricultural avdecordng to instructions to surveyors, the

27



landscape features that were only adjacent to kitchen gardens (U113) should not be registered as such
in the survey. Kitchen gardens are therefore alsoinotuded as agricultural area.

Table 6: Land use and land cover classes in the definition of agricultural classes. The point is classified as agricultural if LU N
(U111,U112) LCN (Bxx, Exx, F40) (source: own elaboration)

Code | Definition

Land use class | U111l | Agriculture (excluding fallowa and kitchen gardens)
Ull2 | Fallow land

Land cover clasy A31 Greenhouses

Bxx Cropland

Exx Grassland with sparse tree/shrub cover

F40 Bare soil

Consequentlyagricultural buildings, woodlands and shrublands areamatnted asagricultural land.

One could argue that the nominator in E§) should also include the area of landscape features, as
landscape features are usually not classified as agricultural area in the LUCAS survey. Whereas the
difference inthe computed indicator will be relatively small for areas with a low percentage of
landscape features (as most agricultural landscapes), it could be different in specific region or MS with
a high share of LF (e.g. Malta). However, it should be notectimaé landscape features have already
been included in the agricultural land area, as surveyors have not consistently classified landscape
features in the LUCAS core point as agricultural oragmicultural land (assessment made from the
central point ofthe 41 subpoints of the LF quadrat which is also surveyed as a LUCAS corelpoint).
would in theory bebetter to estimate the areas of landscape features that are classifiiin
agricultural and noragriculturalarea However, this would be based orrelatively low number of

points (1800 and 1600, respectively), and the uncertainty would be high. As an alternative, we suggest
to empirically add a share of the landscape feature area, for each MS, depending on the percentage of
LF central pointécoinctes with LUCAS core pointsat have been classified as nagriculturein the
relevant MS. E.g. if 30% of LUCAS points with a landscape feature in the central point has been
classified as noagriculture for a region c, the indicator will then be:

. 0
@ 3 s (7)

This could potentially be done for each NUTS2 region or maybe even for each stratum, but with smaller
units, sampled points would be less and uncertainty would increase.

3.3  Estimates for different agricultural land types

We aimalso to produce estimatfor different agricultural land types. Howevéid-(especially linear
ones, like hedges or ditchesinseparate agricultural fields of different types (e.g. an arable frelah f
a grassland parcel) so linking LF to agricultural type®t straightforwardeven from a conceptual
perspective The LUCAS LF data not show which agricultural land type is closestttee sub-point
where a landscape featuravas observed.However,a practical estimate can be madeusing the
agricultural land type oftte LUCAS Core point (i.e. theadrat central pointjor all lardscape feature
observations in thatjuadrat. This however creates second issueherethere is some agriculture in
the quadrat, butthe centre of theLFquadratis notunder agricultural use (i.e. nassociated with ay
agricultural land typg This means that we cannot associatmasiderable fractionf the observations
of landscape features to an agricultural type, arelwill underestimate the landscape feature area in
the different agricultural land typeg.o correct for this, wapplieda method similar to the one used
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for the correction ofthe agricultural areagescribed at the end of sectiah2. Foreach agricultural
land type, we estimate their share of agricultural land. The area of landscape features estimated for
non-agricultural land will then be distributed to the different agricultural land types aéogrtb ther
shares.

34  Estimates for NUTS2-regions and other polygons

NUTS2egions were used as one of the stratifying variables, meaning thalhex methods in this
sectioncan be applied to NUTS2 regions without any modificafldre only difference between MS
estimates and NUTS&stimates is that we doot have to sum up over NUT®jions.The caveat is
that the number of LF points in general lower, and with a largeariability. Whereas many regions
haveenoughpoints, and with etimation variance lower tharosne of the smaller countries, there are
also some very small regions where the number of survey poirgsrdi allow for a precise estimation
of the LF share. This will BBownmore in detailin the results setion 4.4.

There are also some use cases where esiimydhe LFshare for other types of areas of particular
interest This coulde, for example to analyse the L-Bhare in different biogeographical regions, or
according to differenagriculturalintensity classes. We will here outline how it is possible to estimate
the LFshare for such areas, and some caveats of this procedure

& the alternative polygons will typicaltpver several of the existing strata, but few or none of them
entirely. We will theeefore need to introduce nevgtrata, where the existing strata are further
subdivided into the different polygons cutting through it

0 this will largely increasehe number of strata, and the weights will have to be recalculated. The
new weights are estimatkin the same way as in Egand with corrections as in EB;

0 the LF area will have to be estimated for each country for the different polygons of interest, then
summed up across country borders. This is because the corredtidfp 7 are carried out on a
national basis.

There are at least two caveats with this method that should be considered when interpregng th
results:

0 the number of strata increases considerably, giving fewer points in each stratum, and more strata
without any points in the L-fhodule. This meas that the corrections in EQ will be of higher
importance

0 Whereassampling was supposed to be random within the original strata, there is no assurance
that the subsamples can also be classified as random within the new and smaller strata. However,
this is most likely of negligible importance

In the analyss, it is necessary to consider the amount of LF points within each new polygon and the
attributed uncertainty.

3.5 Implementation

The methodology has been implemented as a packag9in the statistical environment R Core

Team, 2024) The main statistal computations have been performed with the package survey
(Lumley, 2004) through thervyr package Freedman and Schneider, 2023) addition to the
estimates, the package also gives a standard error of the estimates. Equations for these are not
included in the sections above, but the error barghie plots are based on these standard errors.

Results are presented in sectidn

29



4. Results

The results section focuses on the estimates of the share of landseapeds. Some analyses of the

distribution of strata and weights are givenAnnexesl and 2

4.1 Landscape Feature shares at EU and country level

The estimated valuewith error bars (one standard errofdr the Landscape Feature indicator across

the EU andts MS are illustrated ifigurell.
Key results include:
0 atthe EU level, landscape features cover 5.6% of agricultural land

& for most EU countries, the share ranges from 3.4% to 8.9%. However,, MattaCyprusare
exceptions, having higher valyes

d countrieslike Greece, Finland, Ireland, Italy, the Netherlands, Portagal Sweden exhibit high

values, within the 7 9% range
d oniKS 20KSNJ KFIyRX (GKS t26Sad @IftdzSa oXp:0
Luxembourg, Latvia, Poland, Romania, and Slovakia.

Figure 11: Estimates of LF shares in agricultural land by MS (% and standard deviation). The horizontal blue line represents
the EU average (source: own elaboration).
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4.2 Landscape Feature shares for specific types: Woody, Grassy, Wet, Stony

The values of the Landscape Feature indicator have been also estimated for each specific
type of lands cape feature, as shown in

Figure 12. Specific LF types were examined, namely Woody, Grassy, Wet and Stony.

Key results include:

9 In addition to the figures presented in this section, the results could also explored on the online dynamic dashboard accessible to all after log in:
https;//jeodpp.jrc.eceuropa.eu/eu/dashboard/voila/render/REFOCUS/CAP-indicator/.2 Lipynb .
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at the EU level, the distribution indicates that Woody features are the most prevalent at 3.2%,
followed by Grassy features at 1.9%, Wet features at 0.4%, and Stony features;at 0.2%

woody Landscape Features can be found in all Member States. Higher shares in Cyprus, Malta,
Ireland, Portugal; lower shares in Lithuar$pain andPoland

grassyLF disttbution: Higher shares in Cyprus, Malta, ltalgd Sweden. Low share in Romania
wet features are predominant in Finland and the Netherlgnds

stony LF distribution. Very high in Malta, also present in Portugal, Spain, Croatia, Greece, and
Ireland.

Figure 12: Shares of LF by MS and by type (Woody, Grassy, Wet, Stony). The horizontal lines represent the EU average
(source: own elaboration)
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Table 7: Shares of agricultural land covered with Landscape Features for EU and by MS (%). Total and by type (source: own

elaboration).
MS | Share of agricultural land covered with LF (%)
Total Woody | Grassy | Wet Stony

EU 5.64 3.19 1.88 0.43 0.22
AT 4.40 2.63 1.56 0.20 0.00
BE 5.56 3.08 1.91 0.58 0.00
BG 6.22 451 1.52 0.19 0.00
CY 21.1 11.9 8.99 0.11 0.11
Ccz 4.67 2.75 1.8 0.12 0.00
DE 5.43 2.82 1.96 0.65 0.00
DK 5.33 3.07 1.55 0.71 0.00
EE 5.56 3.62 1.69 0.24 0.01
EL 6.99 3.81 2.03 0.71 0.44
ES 5.32 1.71 2.63 0.21 0.76
FI 7.57 2.70 2.64 2.21 0.01
FR 6.44 451 1.68 0.17 0.08
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HR 6.89 3.87 1.76 0.58 0.68
HU 4.13 2.56 1.31 0.27 0.00
IE 7.48 5.68 0.85 0.48 0.48
IT 8.01 4.42 3.10 0.22 0.27
LT 3.65 1.68 1.67 0.30 0.00
LU 4.03 2.64 1.28 0.11 0.00
LV 4.30 2.47 1.27 0.56 0.00
MT 27.7 9.82 6.90 0.30 10.70
NL 7.22 2.17 1.68 3.38 0.00
PL 3.59 1.91 1.16 0.53 0.00
PT 8.94 4.95 2.87 0.33 0.79
RO 3.35 2.45 0.40 0.46 0.04
SE 8.08 4.02 3.06 0.68 0.32
SI 5.93 4.15 1.26 0.44 0.07
SK 4.03 2.27 1.39 0.08 0.29

4.3 Landscape Feature shares for specific agricultural land types: arable land,
permanent grasslands, permanent crops

The amount of_Ffor different agricultural land types are shownRigurel3and in

Table 8. Three agricultural land types were examined, namarableland, Permanent grass and
Permanent crop. Similar results can also be shown for the different landscape feature types for each
of the agricultural land typed.he total is shown aascomparison, however, this would be a weighted
average of the L¥alues for the individual agricultural land typ@gth weights depending on the area

of each landscape type)

Key results include:

0 at the EU level, the distribution indicates th#te amount of landscape featurds higher in
permanent grassland and peament cropland, withrespectively6.6% and 6.4%Ihe amount is
lowerin arable land, with 4.9%

0 the percentagef LF inarable land is highest (above 7%) in Cyprus, Greece, Finland, Ireland, ltaly,
Malta and Portugal

0 the percentageof LFin permanent grasland is highest (above 8%) in Bulgaria, Finland, France,
Croatia, Italy and Sweden

0 the percentageof LFin permanent cropland is highest (abo®&6) inCyprus,Finland, France,
Greece, Croatia, Latvia, Malta and Portudalshould be mentioned that theercentage of
permanent cropland is very low in Finland and Latvia thdiegs than 1% of agricultural Iarehd
low in France (3% of agricultural land

0 the percentagef LFn arable land is lowest (less than 4%) in Austria, Czechia, Hungary, Lithuania,
Luxembourg, Latvia, Poland, Romania and Sloyakia

0 the percentageof LFin permanent grassland is lowest (less than 5%) in Austria, Greece, Spain,
Lithuania, Luxembourg, Poland and Romania

0 the percentagef LFn permanent cropland is lowest (less than 5&alzechia, Denmark, Estonia,
Hungary, Netherlands, Poland, Romania and Sloyenia

0 the percentagef LFin arable land is higher than in the other agricultural land types for Greece,
Spain and Malta.
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Figure 13: Shares of LF by MS and by agricultural land type (Arable, permanent grass, permanent crops). The horizontal lines
represent the EU average (source: own elaboration)
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Table 8: Shares of agricultural land type covered with Landscape Features for EU and by MS (%). Total and by agricultural
land type (source: own elaboration).

MS | Share of agricultural land covered with LF (%)

agricultural land typ¥

Total Arable Land| Perm. Grass| Perm. Crops
EU 5.64 4.95 6.62 6.38
AT 4.40 3.98 4.71 5.25
BE 5.56 4.85 6.48 6.50
BG 6.22 5.21 10.20 5.90
CY 21.10 20.38 6.09 23.36
Cz 4.67 3.64 6.79 3.03
DE 5.43 4.84 6.56 4.84
DK 5.33 4.9 6.97 6.90
EE 5.56 4.36 7.25 3.43
EL 6.99 9.00 3.45 8.61
ES 5.32 5.83 4.48 5.35
Fl 7.57 7.10 8.61 12.42
FR 6.44 4.80 8.70 8.81
HR 6.89 5.95 8.19 8.51
HU 4.13 3.74 5.65 3.38
IE 7.48 7.77 7.45 8.91
IT 8.01 7.98 9.87 6.46
LT 3.65 3.3 4.37 7.48
LU 4.03 3.15 4.65 5.99
LV 4.30 3.69 5.21 9.92
MT 27.71 28.20 NA 23.12
NL 7.22 6.72 7.79 3.93
PL 3.59 3.25 4.55 3.01
PT 8.94 8.97 7.35 11.90
RO 3.35 2.67 4.48 4.54
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SE 8.08 6.64 9.97 5.97
Sl 5.93 5.20 6.50 3.55
SK 4.03 3.09 5.87 5.12

10 Note the sum of share of LF by agricultural land type does not equal the Total since it is a weighted average for the individual agricultural land types.

44 Sub-national / NUTS2 estimation

As describedh section3.4, the share of landscape featurean also bestimatedfor the subnational
level (NUTS2 The number of regions is too large for a-pot, therefore we presentinsteadthe
resultsas amap of binned values iRigurel4. This shows thenira-country heterogeneity However,
in some cases (the smallest regioti®) number of quadrats is too low for refike estimatesas well
for regions with a small percentage of agriculteed therefore a lower sampling ratélhese can be
exduded based on the coefficient of variation (CV), giving the relative uncertainty of the estiFoate.
8 regions ait of 227, the CVis above @1 and thus the estimation is not reliabl&his issue particularly
concerns NUTS2 regiomhich are mainharound citieAT13- Vienna,CZ01g Prague DE30- Berlin
DE50- Bremen DE60¢ Hamburg HU11¢ Budapes}), but also two hilly Itain regions (ITC2 Valle
RQ! 2 a il cligdrir) SteEiguelsfor the distribution of thecoefficientof variation

Figure 14: Share of LF in agricultural land (I.21) at subnational level (NUTS2). Regions with CV >0.4 were removed (source:
own elaboration).
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Figure 15: .21 Coefficient of variation for NUTS2 regions (source: own elaboration)
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4.5 Comparing photo-interpretation and field survey results of the LUCAS LF
module

Further analyses have been done based on thevélbesresulting from the photointerpretation
(Stepl) from those resulting from the field survey (Step2) (seetion 2.5). Comparing these
observdions canprovidetwo types of information: a) the analysis of the discrepancy between the two
steps of the surveganfeed a quality control procedure, and b) an assessment of the likely bias in using
only the photacinterpretation (i.e. not the field sur@y)to calculatethe LF estimations. This second
approach could be used as an alternative in regions which are difficult to reach (e.g. mountain), as well
as a way to increase the sampling rate where necessary witinflating too much the cost of the
survey (the field survegomponentbeingmore costlythan the photeinterpretation).

Figurel6 shows the first analyses the relationship between Proterpreted LF and Field suney

[ CZ SEOf dzRA Yy 3b A JIR[AGEG &0 200KK (A YK FGZKSS GLIK2 G2 Ay G SNLINB G |
of points that change value between the twbases aftethe field survey Most of them change from

b2 [Cé G2 [CZ 2NJ FNRY [C (G2 dab2 [ C&hHereasytheo 2 (i K C
transitions from LF and to LF are quite similar on an overall basis, we have not checked to which degree

they are similar within countries, NUTS2 regions, strata or individual quadrats, and possible
corresponding factors.
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Figure 16: Relationship between LF types photo-interpreted LF1 (left) and field-surveyed LF1 (right). Points that were
recorded as “No LF” in both surveys are not shown in this figure (source: own elaboration).
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Figure 17 shows the differences between some of the different LF values that can be used. The photo
interpreted valueswill only make a difference for the, 249 sub-points that are missing in the field
survey, of which only 638&ub-pointshave an Livalue from the photeinterpretation.

Table 9: The estimate of .21 based on different sources of data for the LF (source: own elaboration).

Photo
Field survey| interpretation
LF1 LA MergedLF
All LFsub-points surveyed 3,787,662 3,787,662 3,787,662
Subpoints with LF 201,004 204,998 201,597
Missing values 1,249 5
Missing values with LF in H 638
Subpoints in the photo
surveythat are different to
the values of the field
survey 69,161 5,542

The effect of these differensewill be somewhat smoothed when we use the different LF values to
compute the share of LF in agricultural land.

Figure 17 showsa comparison of the estimated 1.21 from field survey and photo interpretation on the
left, and betweenfield survey LRand mergedLF(merged meaning usinfield surveyvalueswhen
available, otherwise usinghoto interpretedvalues) used for the final indicator to the right.

The first of these comparisons shethat there is a high corration between the field survead and

the photo interpreted values, but the differences are a bit larger for some countries, such as Greece
and Portugal. When looking closer to some of the quadrats with large differences, the typical reasons
are:

0 land is wongly classified as agriculture when it is shrubland or natural land; or the opposite,
classified as semmatural when it was agricultural
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8 some features (particularly stone walls) are not easily visible in gptinatos
& some errors during photo interpretion have been corrected during field survey.

Whereas the left panel shows that there is an advantage in using the field survey for the estimates,
the right panel shows that the results are not too much influenced by a small proportion of photo
interpreted values where the field points are not accessible. ddweelation Pearson)s close to 1
(0.99993). The very similar results can also be se®able 10. The figures also include the weighted
correlation, where the weights arthe estimated agricultural area of each country.

Figure 17: 1.21 estimated from field survey and photo interpretation (left) and from the field survey LF1 and the merged LF
(right). The colours represent the number of LF quadrats per country (source: own elaboration).
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This preliminary analysis shows that phamterpretation could be a valid option to either increase the
sample and/or to complement it in areas with low reachabfléyg. mountain agriculture)

Similar outcomesccur when the analyses are done on a NUTS2 level, as shéigarn18. There is

a slightly larger scatter in the comparison between field survey and photo interpretation, as there are
more regions and typically fewer quadratséach region. But the correlations are almost as high as
for the country level analyses, particularly the weighted correlation. And when comparing the

estimates from field surveM~1 and the merged bFRlues, we see that these are almost identical also
at NUTS2 level.
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Figure 18: Relationship between 1.21 estimated from field survey and photo interpretation (left) and between the field survey
LF1 and the merged LF (right) for NUTS2 regions. The colours represent the number of LF quadrats per region (source: own
elaboration).
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Table 10: Estimate of .21 based on different sources of LUCAS LF module observations for LF. Merged LF is an estimate
based on a combination of field and photo interpreted values (estimation unit: % of agricultural land) (source: own

elaboration)
Number of Photo Field
MS quadrats| interpretation | survey| Merged LH
AT 1,653 4.10 4.40 4.40
BE 885 4.88 5.58 5.58
BG 2,720 7.34 6.27 6.27
CY 228 23.69| 21.45 21.45
Cz 2,075 4.74 4.67 4.67
DE 9,583 4.82 5.46 5.46
DK 1,479 5.25 5.34 5.34
EE 728 5.41 5.55 5.56
EL 2,843 9.00 7.00 7.00
ES 12,291 5.28 5.36 5.37
Fl 2,257 6.79 7.57 7.57
FR 15,453 5.84 6.42 6.44
HR 1,062 7.02 6.88 6.89
HU 2,408 4.55 4.14 4.14
IE 2,320 7.49 7.51 7.51
IT 7,759 8.28 7.97 8.04
LT 1,647 3.89 3.65 3.65
LU 120 4.09 4.06 4.06
LV 1,205 4.70 4.30 4.30
MT 35 29.93| 27.71 27.71
NL 1,106 6.58 7.27 7.27
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Number of Photo Field
MS guadrats interpretation | survey, Merged LH
PL 8,567 4.16 3.60 3.60
PT 2,083 10.19 8.64 8.97
RO 6,569 4.19 3.35 3.35
SE 3,875 7.47 8.08 8.08
Sl 343 6.53 5.93 5.93
SK 1088 4.44 4.04 4.05
EU 92,382 5.72 5.64 5.66

46  Comparison of LUCAS LF 2022 data with different sources (LUCAS transect,
Copernicus Small Woody Features, Tree cover outside forest and EMBAL)

46.1 Comparison of the specifications of the different data sources

The LUCAS LF Module 202@&ee sectior2.4) aims to a consistent, homogeneous, and statistically

representative quantification of landscape features within agricultural land. This module employs a

two-step approachinvolving officebased photeinterpretation (of veryhigh resolutionaerial ortho-
LIK23G§24&8 2F FunOY -shides &ifficatioh. Thsimodulyg &npldys SHoiRt survey nested

AyiGi2 GKS YIAy

predominantly agricultural landscapes.

[+ 71

adzaNpSe s

i I NB S { hojhd) within2 dzi

TheLUCAS TranseModule (Czucz et al., 2022 employed field surveys to capture a broader range
of linear landscape featureéacluding woody, grassy, stony, and wet typologies during the campaigns

of 2009, 2012, and 2015. Surveyors walked a transect of 250m from theltd@AS sampling point,
recording land cover types crossed during this walk. This module recodineadfeaturesvider than
1m but not exceeding 3mwidth, andat least 20m londonly linear features were recorded, patchy

features were not)However, thisnodule was discontinued after 2015.

The Copernicus HRL Small Woody Features (SfBiluct 2018Kleeschulte et al., 2023pcuses
solely onwoody featuresacross Europe, utilizing remote sensing technology with a theoretical

I OOdzNy O& 2 7F wvpody:lidearlstiuctubels sudhdablBedgerows, scrubs, or tree rows and

patches of trees and scrub. However, it does not include grassy, wet, or landscape elements like grass

margins, ditches, channels, ponds, roads, or stonewalls. This product has g¢braedate cycle
covering the years 2015 and 2018 with a spatial resolution of 5m/100m.

Thetree cover outside forests a product by Liet al. 2023 that unlike the previous product izased

on PlanetScope nanosatellite imagdoy the year2019 at 3m resdution and canopy height data from
airborne LiDARcross EuropeThe separation of forest andon-forest tree cover is based on the
definition of FAO and itonsiders tree cover when at least a treeight of three meters is reached.
The strength of this qduct is that with a deep learning method and ushrigh resolution imagery
their model learns more from the visible tree crown structure tHigom Sentinet2 (10m) or Landsat
(30-m) imagesThe product hasraoverall accuracy of 0.96 percent and a lag8.2 to ¢0.8 percent.
While the trees are segnméed more precisely in boreal and temperate zones, the product

underestimates in Mediterranean zone.

TheEuropean Monitoring of Biodiversity in Agricultural Landscapes (EMB#llgced information

on the biodiversity in agricultural landscapes of EU Member States during the 2022 and 2023 survey

periods. This monitoring survey examih&,000 plots selected and centered on the 2 x 2 km LUCAS
grid. Each plotvasa 500m square, covering 25 hectares, and selkdtased on having at least 10%
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open land according to CORINE land cover classifications. Thevgdasturveyed during optimal
vegetation conditions.

A key focus of EMBAL is assessing Landscape Elements (LE), defined and categorized into six main
types: wandy elements, grassy elements, water elements, stony elements, roads and tracks, and man
made structures. These elements are further broken down into more specific classifications.

In the field, landscape elements are classified and delineated to enseyeatiturately represent and
help analyze the ecological and environmental dynamics of EU agricultural landscapes. This activity

supports the conservation of biodiversity and sustainable agricultural practices by prayidilitive

data

Table 11 provides acomparison of thdive products/methods toassest andscape features in the EU.

Table 11: Comparison of the LUCAS LF 2022 survey with other sources of data to assess landscape features (LUCAS
transect, Copernicus Small Woody Features, Trees outside forest and EMBAL) (source: own elaboration)

ST = 3 \ s p
Description | LUCAS LF LUCAS Transect Copernicus HRL| Trees outside | EMBAL 2022
Module 2022 Module 2015 SWF 2018 forest (Liu et al.,
2023)
Typology | Woody, Grassy, | Woody, Grassy, | Woody Woody Woody, grassy
Covered Stony, Wet Stony, Wet water, stony
Time 2022 2009, 2012, 2015, 2018 2019 2022, 2023
Coverage 2015
Geometry | Linear and Linear Linear and Linear and Linear and
Patchy Patchy Patchy Patchy
Minimum | lm<width<20m | Im<width<3m |[[ Sy 3G K x Height > 3m, 1m Kyidth < 5m
Size 2 ARGK X except for stony
.5 Ha »20m length If trees > 5m elements No
HnnYy JK|then area< minimum limit on
5000m? 500m? length
Method Photo Field Survey and Remote Sensing| Remote Sensing| Photo
interpretation, statistics interpretation,
Field Swvey and Field Survey an(
statistics statistics
Strengths | Detailed Detailed Field PanEuropean, | PanEuropean Detailed  Field
combination of | Observations Full coverage Observations
photo- and photo
interpretation interpretation
and field including
observations, delineations  of
. . the landscape
Quickly available
elements
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Description LUCAS Transect Copernicus HRL EMBAL 2022
Module 2022 Module 2015 SWF 2018 forest (Liu et al.,
2023)
Caveats New and thus Discontinued Only covers Only covers Only 3,000 plotg

needs to be woody features, | woody features | of 500x500m
assessed long processing survey in each
(2018 ver®on year
delivered in Not statistically
2022) representative

* The value has been revised from 50m in the 2018 SWF product. Th
Vegetation Map (WVM) as described in the Product User Manual 10,

is criteria (*) w as removed for the Woody

In conclusion, while the Copernicus product provides a more regular update -figar Xycle for
CLMS), and covers a wallwall coverage, its focus is limited to woody features. On the other hand,
LUCAS podules provide a more detailed typology coverage (and close linkage to the agricultural land
context for the 2022 LF modyléut are limited in their temporal extent with the UCASransect
module being discontinued and tHaJCA%LF module being newly itduced.Similarly, the EMBAL
2022 extends this trend by offerirgualitative detailed field observations and photo interpretation,
including delineations of landscape elementsis pilot surveys 3,000 plots each year, limiting its
spatial coveragand itsstatistical representativenegshe scope was to show the potential of such
survey, then tanvolve MS to enlarge the sample)

46.2 Comparison of estimates from the LUCAS LF 2022 module with LUCAS 2015
transects Linear features

Figure 19 shows a comparison between the estimates based on LUCAS Transect module from 2015
andthe new estimates from the 2022 LUCAS landscape feature module. The results are presented for
total share of landscape featuredl(types). We havelso included the correlations between the two
estimates in the figures, both the normal Pearson correlation and the weighted correlation, where the
larger countries are given larger weights (based on the size of their agricultural area).

The EU estimatis shown in blue. The estimates for the different countries are of the same magnitude,
despite the caveats mentioned below, with the exception of Cyprus, Malta and Finland. Both the
ordinary and the weighted correlations are relatively low though, moshfils a result of the caveats.

10 https://land.copernicus.eu/en/technical-library/high-resolution-layer-small-woody-features-2018-product-user-manual/@@download/file
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Figure 19: Comparison of the estimates of all landscape features from the LUCAS transect module (2015) and the LUCAS LF
module (2022). The weighted correlation uses agricultural area from each country as weight (source: own elaboration).

LUCAS LF module 2022

Cor: 047

Weight. Cor: 0.36

LUCAS Transect 2015

Caveats when comparing LUCAS 2022 LF module to LUCAS 2015 Transect data

0 the LUCAS transect module was last carried out in 2015. Due to its initial design, the LUCAS
Transect datgrovide estimation of linear LF gn{patchy LF not recorded) and amongst the linear
features crossed, only those longer than 20m were considerbd. LUCAS Transect survesre
foreseen to provide the length of linear landscape elements, not their area (e.g. trees in groups,
patches of r6é & ¢SNB y20 LI NI 2F GKS ada2NBSes y2N S
Transect survey, linear features had to be @vithan 1m but not exceeding 3tand at least 20m
long). In comparison LF in the LUCAS 2022 LF module have a width between 1 aadd20m
limit in length

0 tocontributeto the impact assessmenf the CAP legal proposahade in 2018)it was necessary
to turn the length of linear landscape features surveyed in the LUCAS Transects into area.
Conversion factors (mentioned in annexfithe Commission Delegated Regulation 639/2014 as
amended by the Commission Delegated Regulation 1155/2017) have been used for thjs scope

0 LUCAS transect observations do not mention if a linear element is part of Agricultural Land (AL) or
not; however, tle adjacent land cover is registered and therefore it is theoretically possible to
select only those linear features which aragricultural landbr adjacent to it. For some land cover
such as grassland or fallow, not having the tasd information (notecorded in LUCAS Transects)
called for some assumptions to decide if they are under agricultural use or not. This may have
introduced some inaccuracy (or bias).

(Note:a wA GSNE | yR aiNBI Yab 2@15dédessnfedtins theg sié domal)EHR Ay

directly managed by farmers).

As a summary, the following caveats should be remembered when doing comparisons with the 2022
LUCAS LF module data:

0 the two surveys were carried odtyears aparf2022 vs 2015)
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8 theLUCAS Transect and the 2022 LF modutgstabjects with different geometry. The Transect
module registerednly linear Landscape Features above 20m |aagpatchy LF such as group of
trees

0 the area of thdlUCASransect linear LF was calculated ustamdards conversion factofsaken
from the regulation), not necessarily reflecting their real area on the ground

0 the determination whether A&UCAS Transdatear LF was in agricultural land (or adjacent to) was
based on assumptionshich always have potential biasased on information otand cover only).

4.6.3 Comparison of the estimates: LUCAS LF 2022 Woody estimates with Copernicus
SWF 2018

Figure 20 shows a comparison between the Copernicus Small Woody Features 2018 and the LUCAS LF
2022 estimatedor the woody type The Woody Vegetation Mask (WVM) has been selected for the
comparison as isused for the computation of the Woody landscape features indicator. Themnig
correlation between the two, with the exception of Cyprus and Malta, which have consideraléy hig
values in the LF modulklowever the Copernicus SWF estimateas consistently higher values.

Figure 20: Comparison of the estimates of woody landscape features from the Copernicus Small Woody Features (2018) and
LUCAS LF module (2022) - woody type (source: own elaboration)
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4.6.4 Comparison of the estimates: LUCAS LF 2022 Woody estimates with trees outside
forest 2019

As shown irFigure 21 the comparison othe two data shows a mild correlation, with Malstanding
out. The data in Liu et al., 2023 did not have Cyprus coveksh indicated by the previous
comparison, the products based on remote sensiagrlook the tree cover dflediterraneanregions
like Malta and Cyprus due to their structural difaces in theiwwoody habitats. These regions are
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characterizedy very low and highly patchy tree cover denditientifying these woody covers is quite
challengingwhen thresholds and specific definitions arede tocapture woody information from
satellte images based omid-latitude European countrieseferenceslin addition, in the Liu product
trees are definedis having a height of minimum 3 meters and all gatiswith more than 10% tree
cover of at leasb-meter height are considered as forest aage maskedut.

Figure 21: Comparison of the estimates of woody landscape features from the trees outside forest estimate from 2019 (Liu
et al, 2023) and LUCAS LF module (2022) (source: own elaboration)
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4.6.5 Comparison of LUCAS LF with EMBAL landscape elements

The methodologies adopted to monitor landscape features across Europe significantly influence the
interpretation and categorization of data, which in turn affect subsequent analyses. LUCAS LF and
EMBALLandscapeHements (LE)are two methodologies that examine similar landscape elements,
including woody vegetation, grassy strips, and stony features, yet they apply distinct criteria and
definitions. This comparison seeks to underline these differences with the goal of futeggation

and the harmonization of landscape definitions throughout Europe.

Woody Vegetation

LUCAS LF and EMBAL LE both classify woody vegetation, including isolated trees, trees in lines,
hedgerows, and riparian woodlands within their survey parametersBEMLE specifically includes
isolated trees that have a minimum canopy radius of 3 meters and a height exceeding 4 meters,
focusing on larger, mature trees. On the other hand, LUCAS LF categorizes any tree or shrub larger
than 1m2 and in areas up to 0.5 ¢tares as part of its woody vegetation, without specifying size
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thresholds as strictly as EMBAL LE. Additionally, LUCAS LF includes these elements in strips less than
20 meters wide. In stark contrast, EMBAL LE applies stricter criteria by requiringabdy strips

contain more than four trees and restricts these areas to less than 0.25 hectares with a tree cover
exceeding 70%. This last restriction often results in areas classified as woody vegetation by LUCAS LF
being reclassified under the forest catey in EMBAL LE, which does not recognize them as landscape
elements(Figure 22).

Figure 22: Example of LUCAS LF woody elements classified as Forest in EMBAL due to the difference in the definition of
maximum area (source: own elaboration with LUCAS and EMBAL documentation)
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Grassy elements

Both methodologies categorize grassy areas, such as field margins, strips, or patches, within the same
width range of 1m to 20m and exclude vegetation along riverstones if it is narrower than 5 meters.
However, LUCAS LF does not cdantn trackswith grass ad considers any tree smaller than 1m?

within these areas as part of the grassy elements. In contrast, EMBAL LE counts these grass strips along
roads and track as part of the landscape elements and applies additional specific criteria for grass
margins next to meadows.

Water elements

Both surveys assess wat@lated elements like ditches, streams, and ponds within a consistent width
of 1m to 20m. However, theiapproaches differ significantly in handling these features. LUCAS LF
avoids including artificial structuresgith walls of concrete for ditcheand excludeseservoirs lined

with concrete or plastic and depressions used as landHsvever, EMBAL LE risore inclusive,
accepting artificial constructions and any type of pond, encompassing a wider range of aquatic
environments up to 1 hectaréAdditionally, EMBAL LE considers the vegetation extending up to 5
meters around these water bodies, while LUCASHIconsiders vegetation if it is marsh or wetland
vegetation(Figure 23).
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Figure 23; Example of LUCAS LF unique point classified as water element while in EMBAL the water element is comprising
more LUCAS LF points (source: own elaboration with LUCAS and EMBAL documentation)
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Stony Elements

Both LUCAS LF and EMBAL LE survey stony features such as stone walls, terraces, cairns, and rock
outcrops, but their classification criteria vary. LISCI&F defines these elements within a-théter

buffer from each survey point. For this methodology, cairns cannot be wider than 20 meters and must
exceed 1 square meter in size. Rock outcrops are also included under LUCAS LF if they are narrower
than 20 meers and do not exceed 0.5 hectares in area. On the other hand, EMBAL LE catalogs similar
features but extends its criteria to include concrete walls, and it only requires these features to be at
least 1 meter in both width and height, without addition#eslimitations.

Other elements

LUCAS LF classifies cultural features as elements of cultural heritage that contribute to ecosystem
services, such as historical mounds and earth banks. These features, often coveredybyrgvasdy
elements arecoded ina secondary leveln contrast, EMBAL LE focuses on utilitarian aspects, including
roads and tracks used for agricultural purposes and other-made structures like towers and batns

In conclusion, harmonizing the definitions used by surveys like LUEEABALEMBAL LE regarding
landscape features is crucial for ensuring consistent and comparable data across Europe.

4.7  Agricultural area: comparison of LUCAS agricultural land with Utilised
Agricultural Area from Eurostat

The estimates of the 2022 share &f in agricultural area are based on an estimate of the agricultural
area. Thisparameterhas been estimated from the 2022 LUCAS core data, to assure consistency
between the data sets.

The correctness of using LUCAS agricultural area was checked by competls the Utilised
Agricultural ArealdAA from 2020 fromEurostat(2024) Figure 24 shows the comparison between the
agricultural area estimatettom LUCAS core, and the UAA from Eurostat. There is a high agreement
between thetwo estimates with Greece as an outliéconsiderably larger agricultural area estimated

for LUCAS than given by Eurostaifle small dviatiors are most likely due to differencdsetween
official statistics and the actual land assessed, partly due ferdifcesin the definitions used as the
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agricultural arean LUCA®as based on the instructions given to the LUCAS survelabte 12 shows
the estimated area of landscape featursd the utilized agricultural ardeom the transectsurveyof
2015 (Czucz et al., 2022}¥he estimated area of woody landscape featusd the estimated
Agricultural Area from theCopernicussmall woody featuregKleeschulte, 2023), and the similar
estimates from the LF module.

Figure 24: Comparison of the Member States UAA (official statistics) from Eurostat and the estimate of agricultural area
used in the computation of the LF share (source: own elaboration).
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Table 12: Areas (km2) of the different sources of data for LF in the EU and MS; agricultural areas used to calculate the LF
shares (source: own elaboration)

Transect LF| Transect SWF 2018 LUCAS LF| LUCASLF LUCAS Eurostat
MS 2015 UAA!L SWF 2018| AgrAred? 2022 Woody2022 | AgrArea 2022 UAA 20D
AT 859 26,538 1,784 29,441 1,219 730 27,728 26,027
BE 846 13,561 640 15,420 869 481 15,626 13,681
BG 1,320 50,303 2,543 53,658 2,900 2,103 46,611 45,642
CY 112 1,324 117 4,442 335 189 1,586 1,341
Cz 663 35,232 1,931 40,504 1,785 1,052 38,208 34,926
DE 6,867 166,451 9,075 190,593 9,809 5,101 180,797 165,785
DK 908 26,325 1,741 29,856 14,66 843 27,475 26,299
EE 500 9,847 644 12,615 651 424 11,712 9,753
EL 1,788 52,881 2,996 52,817 3,469 1,893 49,622 28,229
ES 10,851 242,019 7,222 260,315 12,872 4,131 242,076 239,137
FI 6,115 22,719 1,218 24,200 1,871 668 24,717 22,817
FR 13,206 290,202 20,596 304,681 18,254 12,780 283,585 273,646

11 Czlcz et al. 2022a

12 Kleeschulte et al. 2023

47




Transect LF| Transect SWF 2018 LUCAS LF| LUCASLF LUCAS Eurostat
MS 2015 UAA!! SWEF 2018| AgrAred? 2022 Woody2022 | AgrArea 2022] UAA 20D
HR 631 14,857 1,711 21,691 1,076 605 15,620 12,315
HU 1,526 53,438 1,952 59,344 2,332 1,444 56,389 49,217
IE 2,824 45,18 4,204 45,461 3,199 2,426 42,736 44,990
IT 7,309 129,088 7,543 139,875 10,208 5,635 127,416 120,412
LT 847 29,472 1,513 35,618 1,192 548 32,687 29,146
LU 44 1,316 34 1,239 52 34 1,281 1,321
LV 879 19,379 959 22,658 850 488 19,750 19,690
MT 17 116 9 152 32 11 115 98
NL 1,399 18,224 1,402 22,675 1,441 432 19,952 18,179
PL 7,551 145,396 8,069 170,042 5,570 2,955 154,946 147,492
PT 1,673 35,914 3,317 40,275 3,161 1,751 35,373 39,639
RO 3,917 134,137 3,428 130,045 4,445 3,243 132,632 127,628
SE 2,269 30,004 1,837 35,566 2,694 1,340 33,341 30,058
Sl 298 4,779 485 5,636 333 234 5,622 4,834
SK 339 19,195 1,089 20,848 796 449 19,743 18,626
EU 76,029 1,617,880 88,059 1,769,668 92,878 51,990 1,647,643 1,550,928

Disclaimer Please ate that the numberdor Transects LF, SWF 2018, LUCAS LF 2022 Woody are not
strictly comparable. This is because they estimate landscape features based on different definitions
and survey protocols, as well as different periods (refer to the caveats section above). The
discrepancy in the figures arises from the characteristics inherent to the given measurement and
monitoring methodologies. Similarly, comparisons between agricultural areas and UAAs are also not

straightforward, as they are grounded in different definitiomglacover different timeframes.
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5. Conclusion

The LUCAS bfodule was part of the LUCAS surf@ythe first time in 2022under current format)
The module was introduced based on a need for an indicator thatdde used toassess policy
performance regating landscape features with respect to biodiversisyrequired by th€AP through
the PMEF but alsoby the EUBiodiversity Strategjor 2030and the Nature Restauration LawWhe
contribution to the CAlhdicatorl.21 presented in this report can therefi@ be seen as a baseline for
future assessmenidothat EU national and regional level

The survey is unprecedented in its kind, with a field survey of approximately 3.8 million points spread
over all EU countriesThe large number of samples, the stfigtd sampling approach and a sound
methodologylead toa robust estimateThereis a large efforbehindsuch asurvey, butit becomes
feasible when organized as a paftthe LUCABXxercise

Theensuingindicator has been compared with several other @sseents of landscape featuresich
as the LUCAS Transeetta, which was a preecessor in LUCA&; with the woody fracton estimated
from remote sensing produstOur estimates are in the same range as the compared predmat we
would, for several reaons argue that the proposed nitkodology is better than the alternatives.

The LUCA®ransect survey had similarities with the LF module, but gredumore caveatsni the
procedure, including somatandard coefficientsfor converting from line observatiento areal
estimates Alsq it was taking into account only linear elemerdéind not small patasthat are also
important structuresin the landscapédn addition,both the way how spatial area was assigned to the
estimated length of linear elements, anke way how they were linketb agricultural lanccontained

a coarse (nosstatistical)approximationprone to considerable neaampling error

Remote sensinghasedproducts are limited to woody features. But aldor these, theLUCAS LF
methodology has somadvantages, in the sense that the field survey asvtiid uncertainties from
automatic classification of agriculturas nonagricultural, anddentification ofthe size, shape and
type of woody features. The comparison between photterpretation and field survey estimates
indicates that it is challenging to correctly classify imagetyereas this is done through machine
learning techniques or human interpretation. However, the remote sensing produate the
advantage of producing walb-wall coverge of the landscape features, whicAnhave their usages
for other purposes.

Furthermore the Copernicus Small Woody Features 2@ uracy assessment is biased by the
methodology selectedThe comparison of accuracy for Small Woody Features (SWF) srewveal
significant variance when crossferenced with two datasets, LUCAS and CLMS validatiof datee
accuracy ofcopernicus Small Woody Featuresien measured against LUCAS datady woody LF)

shows a Producer's Accuracy (PA) of 66%, which is ndtatdy than the PA of 87% indicated by the
CLMS validation data. This discrepancy suggests a considerable differ&malinVoody Features
detection between the two methods. On the other hand, the User's Accuracy (UA) presents an even
more substantial diergence; UA for LUCAS is at a mere 50%, while the UA from CLMS validation data
is much higher at 92%. These disparities highlight the potential variabil@ynall Woody Features
product accuracy, with the method of validation playing a critical roteérreported accuracy figures.

The collected data set has been used to estimate the indicator as requestealiby requirements
(CAP and also tHeUBiodiversity Strategfor 2030and the Nature Restauration LavwHowever, this
is only thefirst set ofoutputs that can be performed on this data. As a part of the analyse have
developedan R package that care downloadced and perform the base analys@sesentedin this
report. This will be further developed, and we will also analyse the data set esihect to other
indicators for agriculture and biodiversity, thereby increasing the value of the data set. The package

13 see Fit4Purpose analysis report to be published soon.
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will also be made publicly available, helping also other scientists to dowhleathtafrom Eurostat
website(once made publicly availéd), providing means foother types of analysis.

The link between landscape features and ecosystem services is a vital aspect of the sumegputres
further investigationThis willbe further analyzel in a future report

It should be noted that wheras landscape features are of interest to several policies, the definitions
of landscape features are not the same for all implementations of these polfigage 25 gives an
overview of the relationships betweelandscape features in different legislations. The narrowest
concept,Landscape Featuremmprises all small fragments of npnoductive permanentvegetation

that is embedded in agricultural land. This incladeatures that are relevant for the fulfilmeruf
specificfunding dojective 6 (SO& ¥ G KS /!t &/ 2y iNRodziAz2y G2 (GKS
SO02aeaisSYy aSNBAOSa | yR LINEIahaNaBSior KAPGekaludtidniDedpive R
their importance for SO6, thergvas no consistentdata sources available for core LF, soirtthe
monitoring through LUCAS LF modulpasticularly important.

Figure 25: The overlaps and differences in the different “broad concepts” of landscape features (LF)
that are relevant for the different contexts of EU monitoring and legislation (source: own elaboration).
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The data collected on landscape features stands as a crucial baseline for the indicator 1.21, offering a
valuable asset for policy assessment and decisiaking within the EU @amon Agricultural Policy
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framework and other EU policy frameworks, includitige Nature Restoration Law, or the EU
implementation ofthe UN SEEA EA (System of Economic Environmental Accounting, Ecosystem
Accounts) framework, whichcurrently lacks severahdicators describing the ecological condition of
agroecosystemsGoing forward, there is a need to incorporate assessments ofjtiadity of these
features, as well as their connectivity within the landscape. So@drmationwill not only contribute

to a more nuanced understanding of LFs but also allow for a comprehensive approach to monitor and
enhance the ecological networks essential for maintaining biodiversity and ecosystem services. The
potential for this data to inform policy adjustments over timadapting to changing environmental
conditions and agricultural practices, underscores the importance of its accurate and thoughtful
analysis.

The survey's exploration of incorporating Earth Observation and Artificial Intelligence into data
collection repesents a promising frontier for methodological advancement. The application of these
technologieshighly depends on the availability of reliable and representative grawmti samples,

and LUCAS LF outputs can potentially have a key role in this. Eleaselbgies havéhe potential to
significantly automate the identification and classification of LFs, potentially increasing data accuracy
while reducing the time and resources required for field surveys. This automation could lead to more
frequent updates of the LUCAS.F database, offering monitoring tool that could transform our
understanding and management of agricultural landscapes. As we continue to refine these
technological applications, they may become integral to the way landscape featuresoart®irad

and assessed on a European sdalghe future though thiswould require further researctand
development

Many lessons were learned during this first implementation of the landscape feature mydelwill

in a followup report make suggestiondor how the next phase can be improved. Many of these
suggestions are related to theslationship between costs and difficulties of assessing LF, and the
ecological relevance of LF
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List of abbreviations, acronyms and definitions

AGRI

European Commissiatepartmentfor Agriculture and Rural Development.
(https://commission.europa.eu/aboueuropeanrcommission/departmentand
exeaitive-agencies/agriculturand-rural-development_e

AL

Agricultural Land

CAP

Common Agricultural Policy

CLC

QORINR.and CoverThe CORINE (Coordination of Information on the
Environment) program in an effort to develop a standardized methodology for
producing continensscale land cover, biotope, and air quality maps. The first
CORINE land cover (CLC) data set was produced in 1990. The product is up
with new status and change layers every six yeavih the most recent update
made in 2018. The datet is a component of the Copernicus Land Monitoring
Servicelfttps://land.copernicus.eu/en/products/corindand-cover)

CLMS

TheCopernicus Land Monitoring ServicBLMS provides geographical
information on land cover and its changes, land use, gronation, vegetation
state, water cycle and earth surface energy variables for both Europe and the
entire globe(https://land.copernicus.eu/eh

Copernicus

| 2LISNYyAOdza Aa GKS 9FNIK 20aSNBI GA?2
programme, looking at oyslanet and its environment. It offers information
services that draw from satellite Earth Observation andiin (norspace) data
(https://www.copernicus.eu/en/aboutcopernicu3

Cv

Coefficient of Variation

DEFIS

Commission department for EU policy orfefece industry and space
(https://commission.europa.eu/abouyeuropearcommission/departmentand-
executiveagencies/defencéndustry-and-space_eh

EEA

The European Environmental Agency (EEA) is an agency of the European Ut
(EU). The EEA's primary ohijee is to provide information on the state of the
environment in Europe, and to support the development of sound environmer
policies fttps://www.eea.europa.eu/en

EMBAL

European Monitoring of Biodiversity in Agriculturahdscapes
(https://wikis.eceuropa.eu/pages/viewpage.action?pageld=25560696

ENV

European Commission department 8t policy on the environment
(https://commissian.europa.eu/abouteuropeanrcommission/departmentsnd
executiveagencies/environment én

EU

European Union

Eurostat

Statistical office of the European Union
(https://ec.europa.eu/eurostat/web/main/home
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FS Field SurveyThe insitu observation and datcollection process carried out by
surveyors on the ground as part of the LUCAS survey to verify and compleme
data obtained through photénterpretation.

GAEC Good Agricultural and Environmental ConditioB#AECefers to a set of standard:
and requirenents that farmers must meet to receive support under the Commi
Agricultural Policy (CAP)he GAEC to be met under the current CAHistemd in
Regulation (EU) 2021/21¥5nex I

GIS Geographic Information System

GSA GeoSpatial Aid Applicatios pat of the spatial reference for aid applicatioh&CS
under the Common Agricultural Policy (CABk the geometry of the parcel alon
with the crop type.

In Situ Refers to observations or measurements made directly at the location of inter
as opposd to remote sensing or laboratory analysis. In LUCAS, it denotes dat
collected onsite during field surveys.

JRC The Joint Research Cen{tlRCis the Commission's science and knowledge
service(https://commission.europa.eu/abouyéuropean
commission/departmentsand-executiveagencies/joiniresearchcentre_er)

LAEA Lambert azimuthal equadrea projection

LE Landscape Elemén

LF Landscape Feature

LF1 First Landscape Feature observed at shépoint

LF2 Second Landscape Feature observed atstiigooint (if it contains twq e.g. single
tree with a stone walbelow)

LPIS Land Parcel Identification Systesnpart ofthe a sp#ial reference for aid
applicationd ACSunder the Common Agricultural Policy (CAR)s is the
geometry of the parcel along its key land use. permanent crop, grassland,
arable land)

LU/LC Land Use / Land Cover

LUCAS Land Use/Cover Area framerSey

LUCAS Core | The fundamental component of the LUCAS survey that collects baseline land
and cover data at selected points across the EU, based on both field observa
and photointerpretation.

Master Grid| The comprehensive-Bm systemat grid covering the entire EU territory, servin

(LUCAS) as the basis for selecting sampling points for the LUCAS (Land Use/Cover Ar

frame Survey). For ER¥, it represents more than 1 Million points
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LUCAS Additional, focused surveys conducted as pdithe LUCAS program, targeting

Module specific themes or variables, such as landscape features or soil properties, be
the core survey's scope.

MS Member States

NUTS Nomenclature de&JnitésTerritoriales Statistiques

P PhotoInterpretation. The process afassifying land cover and landscape featul
based on the analysis of aerial photographs or satellite imagery, used in the L
survey prior to field verification.

PMEF Performance Monitoring and Evaluation Framework

PSU Primary Sampling Unit

Quadrat A defined, square plot used in ecological and environmental surveys, includin
LUCAS LF module, to collect data within a specific area. It helps in studying t
distribution of features or organisms systematically.

Random A sampling mthod that involves dividing the population into homogeneous

Stratified subgroups (strata) and then randomly selecting samples from each stratum. 1

Sampling method combines the advantages of both random sampling and stratification.

Sampling The proportion or frequencgt which a sample is selected from a population or

Rate stratum. It determines the number of observations to be collected for the stud

Sampling Unit The basic element selected for observation in a survey. In the context of LUC
refers to a point or qudrat where data is collected

Subpoint In the LUCAS Landscape Features modulepsirits are systematically
distributed points within a 100m x 100m quadrat at each sampling unit, surve
for the presence of landscape features.

Stratification | A processised in sampling to divide the population into homogeneous subgro
before sampling. This enhances the representativeness and efficiency of the
sample by ensuring that each subgroup is proportionately represented.

SWF Small Woody Features (Copernicusdirct, accessible at
https://land.copernicus.eu/en/products/higiesolutiontlayersmallwoody-
featureg

Systematic | A sampling design where points are selected at regular intervals across a gric

Grid covering the study area. It ensures uniform coverageianged in the master
sampling frame for LUCAS.

UAA Utilised Agricultural Area

VHR VHR refers to satellite or aerial imagery with a very high spatial resolution
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Annexes

Annex 1. Analyses of the strata, samples and weight

The total number of strata is more than 22,000. Morartht,000 of these have only one point in the
master grid. Of the 22,000 strata, around 11,000 include eligible landscape feature points. No quadrats
were selected for the landscape feature survey in 3,400 of these strata. Only one quadrat was selected
in 3,785 of these strata. Hence, there is a high number of strata where the LF subsampling could not
be done according to the eligibility rate and the national LF sub selection rate, just for numeric reasons.
However, there are also other large discrepanciesMeen the real ratio and the expected ratio, as
shown inFigure 26. Thecoloursin this figure show the number of strata for different combinations.

As an example, the stratum "SE7*1*32*3" in Sweden has 991 paoirthe master grid, all of them LF
eligible. Of these, 627 were selected in LUCAS core. However, only one of the points was selected for
physical survey, as almost all points in the stratum had low or very low reachability. The influence of
this is mostikely low, as only one of the points (pheiteterpreted) was defined to have an agricultural

land use (grassland).

This doesto some degregshow the risk of using weights based on the ratios from each individual
stratum. There are some cases where Veigh weights are introduced. No bias is introduced, but an
unusually high or low LF proportion in strata with very high weights can introduce a large contribution
to the variance.

Figure 26: 2D density plot of the relationship between physically surveyed points and eligible points. Red represents 1:1 line
(all eligible points were included in field survey), the black line represents the LUCAS average eligibility rate (0.56787) and the
blue line where only 10% of the eligible points were selected for field survey. The lowest line of field surveyed points (plotted
at 0.25) represents the strata that have eligible points, but no points were selected for the field survey (source: own
elaboration)
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Figure 27 shows the relationship between the different empirical ratios (ratio of LF eligible physically
surveyed LUCAS points and the actual number of LF quadrats in each strata) and the national weights
(WGT_LF) (vertical lines of points). Thisrmghows that the real sampling ratio per stratum in each
country is highly variable, and in many cases different from the mean national sampling ratio
(represented by the line)The deviations can be caused by numerical issues, the inclusion of the sail
samples, or the exclusion ainreachable areas from the field survey, whiblen again meanshat

they are excluded from the LF module.
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Figure 27: Relationship between the national LF weights (WGT_LF) and the estimated weights for the different strata (LFrat).
Point size is an indication of the number of physically surveyed points in each stratum (source: own elaboration).
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In addition to the lack of observations, as shown above,difierent number of quadrats in some
strata canlead to biases in the actual estimat&ne particular case of this is when the separation
between photeinterpreted and field surveyed points in LUCAS core is nhot random, and leads to a
biased sampleThis will have an impact on the final result as thelmes are based on an assumption
that the surveyed points are also representative for the locations that are not surveyed.

Oneparticularexample obiased sampling a
problem is that the distributio between agricultural land and neagriculture is completely different
between the points allocated to the two survey mod@$ere are276 LF eligible points in the LUCAS
Core data for this regiqrb4 of these in the field survey and 222 in the photoriptetation survey. 41

of the 54 points in the field survey were classified as agricultural. 44 of the points wereeskfect
the LF module, and 35 of these were classified as agricul@rathe other hand, only 21 owf 222

LF eligible UCAS points the photo interpretation survey were actually agriculturaidicating that a
large number of thesligible locations were not agriculturdihis means that 76% of field survey points
were agricultural, whereas only 9% of the phdmderpreted pointswere. This contradicts the
assumption that the distribution of agriculture ahd among is similar in the n@ampled locations
as it is in the samplelbcations. The result is that all the LF eligible pointhe photointerpretation
survey are used tastimate the total LF area for the regignwhereas only few of these points
contribute to the agricultural area in the denominatofhs leads taan estimated LF share of 33.5%,
whereas the actual share of LF in the quadrats of the LF module is only &.i&5$6ite common that
the final value is slightly larger than the share of LF in the surveyed quadrats, hatthis extend

(KS Y2dzy il Ay 2 dza

+ Hefreft® R Q! 2 &

A similar problem, but evesomewhatharder to assess, can be seen in the mountainbinsl region

in Austria.Alsoin this casethere is a difference in the didbution of agricultural land between the

field survey and the photinterpreted points. 217 out 0254 LF eligible point® the field survey were
agricultural, compared with 114 out of 266 pheittterpreted points a rediction in agricultural share

of the LF eligible points from 82% to 43%, leading to a considerably higher estimated average LF share
in agricultural land than what was observed in theints in the LF modulddowever,here we also

expect that the share offLis different in the two surveys. Thieare of LF in the valleyshigh includes

most of the field surveyed pointss very low, whereathere aremost likely more LF in the alpine
pasture, which is the majoritgmong the photeinterpreted points.This bas in the share of LF between
surveyed anghoto-interpreted points cannotbe assessedut the final value 08.88% is most likely

too low.

61



Annex 2. Comparisons of weights

During the survey planning, the weights of the landscape feature module wasl@dda be different

from the ones actually used in this report. Instead of using the weights estimated individually for each
strata, as described in sectidhl, it was assumed that it was better to use averagdues for the
landscape feature subsampling weights and eligibility ratiegr{1). The eligibility ratio was indented

to be the same for all strata in the entire data dbt€d at0.56787, see sectidh4). The LF subsampling
weights were intended to be constant for each individual country. The intention of using these average
weights was to reduce the variance of weights, leading to lower prediction errors forstireates.

We will in the following refer to these weights as Original, or with subscript O, whereas the weights
that were used are referred to as Individual or with subscript I.

The combined original weight for each stratuén () for the landscape feature module is then

0 20 0 20 8)
Q Q

where 0 is the country averaged LF subsampling weight and e is the eligibility rafeefentire
data set.

The assumption that national and global weights and ratios could be used was also based on the
assumption that the subsampling for the field survey and the LF module was completely random.
However, some additional deterministic esl were used, such as:

8 Reachability is a criterion for the field survey, reducing the number of field surveyed points in
regions difficult to reach.

0 Reduced probability. Points in some strata got a reduced probability for being selected for field
survey, a less of the area was likely to include agriculture.

& All points in the soil survey module were included, which means that more points would be
selected for some strata.

6 Finally, rounding of the estimated numbers of points to be included in the field gamwe the LF
module had an effect when the strata were small.

Test of weights

Before choosing the weights described in sec8dh it was necessary to test them against each other.
There are different ways fdesting their suitability.

First of all, we can look at some summary statistics.

Second, we can compare them directly, looking at the deviations between the original weights (defined
in Eq.(10)) and the individal weights from in Eq1). However, some deviations would be expected,
and it is not straightforward to find the best weights.

A third method is to estimate the share of landscape features in agricultural aneg both methods,

but this is only a comparison of results. We will not know which of the results are more correct. Using
the observed ratios could in theory be similar to overfitting a model, giving us highly variable weights
that rather increases the viability when they are used for extrapolation.

We will therefore rather use a fourth option, where we can use the fact that the quadrats in the LF
module is a subset of the points in the LUCAS Core data set, and also include land use and land cover
obsewations. We can therefore use the observations of land cover and land use observed in the
guadrats of the LF module to estimate the agricultural area, using the two different sets of weights.
These estimates can for each region be compared with the atyniallbrea estimated from the land

cover and land use observations from the entire LUCAS Core data set. We assume that this data set
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will give the highest accuracy, because it has four times more observations. We compute the
agricultural area for each NUZ'Segion, using the different weights (from the Original weights
Equation(10): 0 ; from the Individual weightsEq.(1): 0 ), and LUCAS core ( ). The agricultural
areas were computed according to K@), wherev is replaced with) ando0 . We can then
compare 0 sand® 0 s The one that is generally smaller is better. As an overall
indicator of the consistency we use for the original weights:

o 0 s ©)

and similarlyO for the ratios by replacing with & in the equation above .

Test of weights results

The sum of the weights for all strata should ideally be equal to the total number of LF eligible points in
the master grid. The total number #96,297. The su of the national weights multiplied with the
eligibility factor is 518,905, whereas the individual weights sum up to 497,179, so considerably closer.

The unequal weighting effect (UWE) can be seen as measure of how the sampling design (stratification)
is likely to influence the variance of an estimator (Kish, 1992). The original weights have UWE = 2.07,
whereas the individual weights have UWE = 2.76. This means that the individual weights are likely to
cause higher variability of the results, but as wd gliow later, with a lower bias. This is exactly the
trade-off between precision and uncertainty that was the reason for suggesting the fixed weights in
the survey design phasé&he difference in expected variability is within an acceptable level.

Figure 28 showsthe comparison between the agricultural area based on the data from LUCAS core
OalGNHzIKE DO | yR GKS Hased on the drBinal weighend fhe€indiiduRl duéights

for each stratum. We notthat there is much more deviation from the 1:1 line for the estimates using
the original weights than for the ratio based weights. We are better able to estimate the agricultural
area if we use the individual empirical weights. This is confirming thaiseef recalculated empirical
weights per strata should provide better estimates.

However, it should be mentioned that the CV of the estimates are actually increasing when we change
from original to individual weights, on average from 0.040 to 0.054. @wther hand, the correlation
increases from 0.94 to 0.99. We can define two relative error indicatayo{Ehe ability of each set

of weights to give a good areal estimate.

o -B*—*% & o -B¥I —° (10)
and
0 B's S & 0 Bs S (11)

Where A refers to the agricultural area, k is the number of regions (here NUTS2) and different
subscripts LC, LF, I, O and r refer to Lucas Core, Landscape feature diadiavgiial weights, Original
weights and region. The first indicator sums up the relative differences for each Nei&2,
whereas the second indicator sums all the differences for the NWA@@ns, before dividing on the

two estimates. The first estiator will in reality ignore the size of the agricultural areas, and give the
same importance to regions with small and large agricultural areas. The second estimator will have the

63



emphasis on the absolute magnitude of the differences, give a better firdgions with large
agricultural areas.

Table 13 shows the two indicators for the two different weighting schemes, in addition to the relative
biasesy B 0 B 0O 7B 0 .ltisclearfrom this table that the individual weights lead to
considerably lower prediction errors for the agricultural areas.N&eetherefore usedthese weights

in this report.

Table 13: Different Goodness-of-fit indicators for the two weighting schemes (source: own elaboration)

O O Relative bias
Original weights 0.130 0.125 0.126
Individual weights 0.057 0.034 0.023

Figure 28: Comparison of estimated agricultural area from the observations in LUCAS core, and from the LF module, using
the original GOPA weights and the individual empirical weights based on actual data (source: own elaboration)
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Annex 3. Additional detailed guidance for identifying LF (LUCAS 2022 LF module)

The following description is an extract from the Annex to Chapter  8.17 of the LUCAS C1

document , version 0.7 (Eurostat (2022a)

¢t2 ARSYyGATeE f | yeRbBeddediitor afjgcenitdagicaltural @@ S& NS O2 YYSY R |
both the photcinterpreters and the field surveyors followstandardized decision proces3he main

steps of this decision are summarized in the C1 document. In this document, we provide additional
technical instructions, which can help to achieve more structured and reproducible decisions, and thus

lead to more harmonized and robust survey résul

In particular, we provide an objective framework for deciding about

0 size (i.e. how to interpret/measure width and area thresholds listed in the definitions), and

8 R2F OSyO& 6AdSd K2g (2 RSOARS AT Iyandt2062S0G¢ A

¢tKSaS AyaiaNdzOiAaz2ya Ffaz2z LINPGARS | LINFOGAOIE 62N
to be looked at to a general decision stating that the object in question

0 s apossible LF, or

0 is definitely not LF.

As a general principle,fa) | £ f 202S0iGa GKIFIGd KIF@S 0SSy ARSYGATAS
LF codes should be done spbint by subpoint, based the local land cover, if they also meet the

definition of the specific LF types.

Step 1: The identification of agricultal land

The firststep ofthe process is a distinction 80 main componentsn the surroundings of the LUCAS
LF quadrafseeFigure 29). These two components are

& the productive agricultural land (AL), and
d everyKkAy3a SftasS ordkKS a3arL¥V O

In the context of the LUCAS LF module, productive agricultural land (AL) is interpreted as the ensemble
of allagricultural parcel$U111, U112), including arable crops, permanent crops, productive grasslands
(pastures, hay meadowspand greenhousesas well as thoséemporarily non-productive parcels

(fallows U112which have otherwise been regularly cultivated as arable fields.

¢tKS aS02yR YIAYy O2YLRYSydG 6GKS a3arLXo0 AyOfdzRSa
This dso includegesidential, leisure, and kitchen gardesl13), which thuslo not belongo AL in

the context of this module. Similarly, small nproductive areas surrounding the productive fields

(e.g. grass margins) do not belong to AL, eitBaiildings(e.q. for agricultural machinery or animals)

or other artificial objects (e.q. water containers) should not be considered as parts of jrestiAdr

(with the exception of greenhouses, see above).

The surveyors will need to have a clear understandinglwtws considered as agricultural land and

what is not. The identification of AL needs to happen in the whole quadrat as well as the areas
AdzNNRP dzy RAy3 A0 ¢KS I NBIF AyalLSOGSR ySSRa G2 oS f
in Steps 2, &nd Box 1) for all gaps with at least one gt falling on them.

In case there is no AL in the LUCAS LF quadrat or its immediate vicinity, no LF points should be recorded.
In case the whole quadrat is entirely covered by AL, surveyors can direatseprto Step 4.
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Figure 29: Step 1: The identification of agricultural land (AL) (yellow: AL; grey: the “gaps” (anything except for AL); red: the
boundary between AL and the “gaps”) (source: Eurostat, 2022a)
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Step2: Theideni A OF GA2Yy 2F aGavYltt AatlFyR FTSIF{idNBas¢
The purpose of this step is imalyse the shape of the gajand to identify those smaller parts of it

GKIFIG FNB SYOSRRSR AyiG2 (GKS ! [ (sekFigue 36).Fof bxinipleA &€ | Y R
a road passing through AL with a combination of hedges, grass margins, ditches, line of trees, etc. on
either or both side®+ y 6S adzOK I aavltt AaftlryR FSIGdNBéEX |3
AL to AL) is bew 20 m. Similarlya small patch of trees next to an abandoned farm with regenerating
grassland and ruins of buildingsalso a small island, if the whole (rRAh) area is below 0.5 ha. Such

small gap fragments often occur in intensively used agricultarelscapes, where they can be the only

habitat available for biodiversity. Within a small gap, whichlisgether below the max size limit

prescribed for LF, any point can be considered to meet the geometric and adjacency criteria required

for LF. Thisnakes it possible to applysimplified proceduréor the identification of LF in such small

gaps.

Il OO2NRAYy3Afes {GSLI v A BIAREYE 2F GKS F22ff20Ay3 4Ga
OHlF UV 52 GKS &aKFLIS Fylrfeara 2F GKS gKz2f Sedl LAY
sub-point falling on it a shape analysis (Box 1) should be performed (gaps of a complex shape

will be broken down into linear and patchy subparts).
(2b) Identify possible LF: linear and small patchy subparts (see Boxidd) cansidered as possible
LF(the large patchy subparts of the gap, will be processed further in Step 3.)
(2c) Assign codes to the spbints: For each supoint falling on possible LF, the nspatial
criteria (nonproductive, permanent, sery I (G dzNJ £ X0 & K2 dzf R LBt§he @NS 0 F S N.
Gb2 [Cé0 aK2dzZ R 6S FaaAaAdaySR F2tf2gAy3 (GKS 3IdzA
« Sub-points that fall on artificial structures (except for stone walls) should be considered as
Gb2 [CézZ S@OSY AT (K SedlaslposSbledR ((intedsyhere igan 2ligi@eS O G 7
woody LF above the artificial structure, see next point).
w I GeSAeNSRA OASg aK2dzZ R 0SS | LIWXASRE a2 So3d AT
above an arable field or a road, it should be registere&aV, while if the canopy of the
woody LF extends above another ngrassy LF (e.g. a ditch) then two LF types should be
NBEIAAGSNBR O[CMY 23 [CHY 50 ¢ -phdtoyof the fraundizd | 6 £ S
documentshould be the decisive referenge.
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Figure 30: The key decision contexts for Steps 2 to 4, including the identification of LF in "small island features” based on a
“simplified procedure” for cases when the whole gap (in bulk) is embedded in AL (Step 2); the identification of “bordering
features” based on the “full procedure” for homogeneous patches adjacent to AL; and the identification of further “internal
features” within AL which are possible in specific cases (Step 4) (source: Eurostat, 2022a).
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Step3: They f @aAa 2F G02NRSNAyYy3I FSI (dzNBaé

The purpose of this step is standardizing the identification of LFs adjacent to AL, that are not in small

I LA O06KAOK OFly 06S O2yaARSNBR 4 aSYOSRRSR Ay |
f I NHS | NBKA YT SE&25¥ES G0 SdId | OA G &raturdl arda) iddBHdhg F2 NB &
abandoned agriculturalland). SW32 A yGa FlLffAy3 Ayid2 GKS aflF NBS LI
GKIFY nop KI akKz2dZ R y2i 0S5 dalddoérygednkt@lcritetiadfar LFO2 v & A R
even if they are relatively small and/or close to the AL.

Instead, the following stepy-step decision process should be applied:

(3a)ldentify homogeneous areaadjacent to the AL (for this step the normal rules oCIAS$ Core
should be used, for deciding about adjacency: see below).

(3b) Do theshape analysisf the homogeneous areador each homogeneous area with at least
one subpoint falling on it sshape analysiéBox 1) should be performed (homogeneous areas
of a complex shape will be broken down into linear and patchy subparts).

(3c) Identifypossible LFanylinearand small patchysubparts can be considered psssible LHf
they are (still) adjacento the AL (see below) (tHarge patchysubparts of the horageneous
areas will fall out here: they should not be considered as possible LF).

(3d) Assign codes to thaub-points: For each suipoint falling onpossible LFthe nonspatial

criteria (nonproductive, permanent, sery I G dzNJ £ X0 & K 2 dzfdBn L& §pe oNBS 0 I S N.

Gb2 [Cé¢0 aK2dZ R 0S lFaaA3adySR F2tf2Ay3 (KS 3Idz

discussion at Step 2c).

To determineadjacencyn a standardized way, the following further rules of thumb should be applied:

w forsmall patchyd dzo LJ- NIia 6F NBIF fndp KFOY adzOK & dzo LI NJ
G2 1[é2 AF Fd €tSrad mko 2F GKSANJI Egur#Y S i SN |
¢ but see also the two exceptions below),

« for linear subparts (width <20 m) only parts with a shared boundary with the AL should be
O2y&aARSNBR a aFR2FOSyid (42 !'[é¢d OhNE FTNRY |
0S aO0dzié AyG2 YdzZ GALX S avylrft SN eALSaEcaly ¢ KS NB
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those pieces should be considered as adjacent that are actually adjacent (subparts 1a & 1b
in Figure31).

Furthermore, there are two more additional rules that should override the normal-<3I&)
interpretation2 ¥ G a Kl NAy3d | 062dzy R NB£Y

« harrow grass strips (max 3m), farm tracks, and agricultural roads (LU2=U111) do not create
aseparationi2 (KS 202S06Ga FR2FIO0Syid G2 GKSY 062y (K
02dzy R NBé¢ OadmFigueI™Hia no 9 nl Ay

w fences(except for agricultural fences, see below), on the other hand, create a separation,
a2 | o02dzyRINE gAGK | FSyOS aKz2dAZR y2i 06S O
Figure 31). The only exception from this rule agricultural fencese.g. fences around a
pasture (to keep the grazing animals inside), or around an arable field (to keep game
animals outside in a hunting region of high game density). On the other femzks that
are not related to the productive function of AL (U111, U112) create a separation (e.g.
garden fences, fences just protecting a private property,)eranches of trees that are
overhanging a fence should be considered as if they were osdire side of the fence as
the tree trunk.

Figure 31: Determining adjacency to AL in Step 3 (“bordering features”). For “linear subparts” only the section(s) directly
adjacent to AL should be considered as possible LF (1a, 2a, 2¢). For small patchy subparts (<0.5 ha), either the whole subpart
is a possible LF (if it is adjacent to AL in >1/3 of its perimeter: 2b), or none of it is (if the common boundary with AL is <1/3 of
its perimeter: 2d). Furthermore, (non-pasture) fences “create separation” so 5a cannot be an LF (nor 5b, 5c...). On the contrary:
farm tracks and narrow (width <3m) grass strips “do not create separation” between an AL and another subpart (i.e. both 4a &

4b can be considered as potential LF, because the narrow grass (4a) does not separate the trees (4b) from the AL). (On the
other hand 4c, which is also separated by a ditch from the AL, cannot be considered as an LF). Accordingly, the following
subparts are possible LF in this figure: 1a, 2a, 2b, 2c, 3a, 4a, 4b (source: Eurostat, 2022a).

Agricultural land(AL)

)

2b
trees 2a 2c

41 trees 1la 1b ]

{2YSGKAY3 St4aS 648SYAYL
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Box 1: The shape analysis.

¢ KS daKI LI akeyélemeéntiof the standdized decision
LINEOSaas ¢gKAOK aKz2dAZ R 0SS dza$s

OLRfeda2y0 Ayid2 | aASNARSa 2F
original polygon should be cut into three types of pieces
ﬂ ¢adoLld NHAE DY

linear subparts (width <=20 mmd length >= 20 m);
small patchy subparts (area <=0.5 ha); and
large patchy subparts (area >=0.5 ha).

To perform the shape analysis, linear parts (of at least 20m |
should be cut off at the point where the local diameter of the shq
goes above/below20m (cuts 1, 2, 4, 5, 6, 7, resulting in subparts
B, E, G & | below). Patchy parts are the remainder after the ren
@ 2F (KS fAYSHNI adzoLd NI A 6 &dzo L
than 20m wide but also less than 20m long (cut 3) shouldl syidit
two patchy subparts (subparts C & D) at the middle of narroy
aSOGA2yd {K2NI GFAYy3ISNRE O a
cut, they should simply be considered to belong to the neighbou
LI G§OKe& &dzo L NI ¢ @
Performing this procedure othe two complex shapes depicted
the illustration will result in Sinear subparts (A, B, E, G, I)s®all
patchysubparts (D, F, H), and olegge patchysubpart (C).

This process of shape analysis, as described above, needs
performed in two min steps of the decision process:

first in Step 2 when theentire gapneeds to be analysed; and

then inStep 3 whenthe homogeneous patchesljacent to AL nee(
to be investigated.

In both steps, the shape analysis needs to be repeated for all dis
patches with at least one syint falling in them. To perform th
analysis, the total area of the shape needs to be taken
consideration, not only its parts that fall into the quadrat.

{GSLI nY [C GAYaAARSE FFANROMzZ (Gdz2NIF € €t YR O0aAYOISNYI f
Ina few specific cases the parcels of AL, as identified in Step 1 (i.e., the yellow &igm®i29), can
Ffaz2 O2ydlAy avltft aStSYSydaé GKIG aKz2dZ R 6S NBC
w» flower stips (LF type T), that are established within arable fields lying fallow (U112);
» some types of agriculture (e.g. agroforestry areas: X06, X09) that consist ofsadieemosaic
27 (62 flFyR O2@0SN) (8LISad { dpdéuctioNRFEILGEXEAS KA Dl
should be considered as LF.
Flower strips (temporary herbaceous features, T) are narrow areas temporarily not used for production
(lying fallow), that are deliberately established by the farmers within the arable fields. As these strips

are subject to the annual crop rotation, they cannot be reliably identified during pieto
interpretation (unless it is based on very recemtho-photos), just in the field survey.

69



CAyS ao0FrtS Yz2alAoda I NB LINEBRdAzOG A @SnsuLlUGESSTo@)r (0 K |
containing a finescale mosaic of (at least) two main LC components. These components are typically
a grassy and a woody component, but other combinations are also possible (e.g. a pasture with
stones/rocks, or an arable agroforestry systtnrRS KS &l 0 0 ® ¢ KS [ aaSascaéyid 27
Y2alkA0a¢g F2tt26a AAYAT I NI LINAYOALX Sa a GKS 2 @SN
(4a) Identify the components of the mosaic and assess their productivity
(4b) Assign codes to the siloints:
if both components are productive (or neither of them aihen no LF should be identified

If just one component is productive, then the spbints falling on the pieces of the ngmmoductive
componentcan be registered as Ichn case they also meet the remaining nepatial criteria
(permanent, semy/ | (0 dzNJ £ X0 @

The minimum size of patchy LF (generally?] see the description of the patchy subtypes in the C1
doc) applies also in the case of fiseale mosaics, thus stonesrubs, etc. smaller thanr? should
not be recorded as LF.

To determine the productivity of the components the following rules of thumb should be used:

& A grass component should be considered as productive if there is intensive/regular grazing (i.e. it
is a pasture) or regular mowing for fodder (i.e. it is a hay meadow).

To recognize pastures both of the following two signs should be observable:

0 clear signs of recurrent grazing (e.g. abundant droppings, the lack of encroachment (spontaneous
afforestation), dominance of grazingdapted plant species)

8 FYR a2YS daLJ) AGdzNBE AYFNI A0 NHOGdzNBE¢ 6Spad 6St SO0
In several parts of Europe, occasional grazing can occur anywhere inatemail or abandoned areas,

even in forestsOccasional grazing is not linked to agricultural use and theserszumal areas are
not to be considered productive.

A woody (trees and/or shrubs) component should be considered as productive, if the trees belong to
woody perennial crop species (e.g.ifriiees), which are managed for production. Such trees/shrubs
embedded in a grassland (or an arable field, e.g. in a dehesa system) should be considered as
productive, unless there are clear signs of abandonment (lack of management).

The grass strips be®en the rows in an orchard should always be considered as parts of the productive
orchard (not LE in line with the instructions given in the C1 doc).
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Annex 4. Additional information on the comparison of definitions of Landscape features
between EMBAL and LUCAS LF survey

For the comparison of the definition of landscape features in both surveys we not only dithBsis
in the characteristics but also in the spatial alignment of those elem@mtde able to do that we
intersectthe LUCAS Lpoint geametries with the EMBAL polygons to see how mgogdratgplots
were matching,see Figure 32).

Figure 32: Distribution of the intersection on EMBAL and LUCAS LF by country and spatially (source: own elaboration)
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For the survey 2022ve found a total of 511 quadrats/plots of those a total of 289 had some LF codified
in the Photo interpretation stage and 288 in the filed sur(sggFigure 33).

Figure 33: Bar plot showing the distribution of the points with LF codified in LUCAS from the resulting intersection with
EMBAL (source; own elaboration).
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Once we had the resultingpint intersection of LUCRLF with EMBAL, we started an arsidyto see
the correspondence between the two surveys.
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Woody elements

Table 14: Legend comparison for the Woody elements between LUCAS LF and EMBAL

Area < 0.25ha and =70% tree cover

Isolated trees = 3m radius =4m height

trees in line, hedgerows, riparian
W)

Conditions Description Survey

strips <20m Wuody_ Vegetation (isolated trees, LU LF
trees in line, hedgerows, riparian CAS

Area < 0.5ha W)

Isolated trees and shrubs/grass =1 m2

Strips more than 4 trees Woody wvegetation (isolated trees, EM

Figure 34: Sankey Diagram lllustrating the Correspondence of LUCAS LF Points Classified as Woody elements with EMBAL

Classes (source: own elaboration)
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Grassy elements

Table 15: Legend comparison for the Grassy elements between LUCAS LF and EMBAL (source: own elaboration)

Conditions Description Survey

width 1m - 20m .
Permanent grass (field margins, LUCAS LF

Grass margins next to medowns {non prod) strips or patches)

Mot included vegetation along rivers or ditches if
= am
Grass strips along roads, tracks not counted

width 1m - 20 m .
Grass patches (field margins, EMBAL

Grass margins next to medowns if above strips  or patches, complex

. . . . . | ts with herb d
Mot included vegetation along rivers or ditches if setfr;:rzs}ﬁl grass herh woady

< 3m
Grass strips along roads, tracks are counted

Figure 35: Sankey Diagram Illustrating the Correspondence of LUCAS LF Points Classified as Grassy elements with EMBAL
Classes (source: own elaboration)

|ea: arable land | @Iand @: Shrubland

[eE: Land=cape clement |e|\]: Non—ag:ricultural INo!data [:eB: Permanent cult
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Wet elements

Table 16: Legend comparison for the Wet elements between LUCAS LF and EMBAL (source: own elaboration)

Conditions Description Survey
width 1m-20m Ditches and streams
including dry LUCAS LF

no artifical constructions

Grassy or Woody If point falls on the dry
parts and i= not marsh or wetalnd
vegetation

width 1m-20m

Streams and ditches EMBAL
Includes artifical constructions
Includes the only npanan vegetation up to
5m
Min 1 m2 Ponds and wetlands LNICHS LF
max 0.5ha
Excludes reservoirs concrete and plastic,
depressions for landfills
Grassy or Woody if point falls on the dry
parts and is not marsh or wetalnd
vegetation
Min 25,2 m2 Ponds and wetlands

EMBAL

Max 0.25 ha

It includes any type of pond.

Includes the riparian vegetation up to Sm

Figure 36: Sankey Diagram Illustrating the Correspondence of LUCAS LF Points Classified as Water elements with EMBAL
Classes (source: own elaboration)

GG assland | [ Ambleland | EEflEngs ape element e | = = R
(5 =
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Stony elements

Table 17: Legend comparison for the Stony elements between LUCAS LF and EMBAL (source: own elaboration)

Conditions Description Survey

Buffer the point to 1.5 meters radius Stone walls, stone terrace LUCAS LF
walls, cairns, rock outcrops

Cairns < 20 wide and = 1m2

Qutcrops max 0.5ha /narrower than Z0m

There is no maximum restriction Stone, rock, raw so EMBAL
and terrace elements

Min 1m wide and height

Includes concrete walls

Figure 37: Sankey Diagram Illustrating the Correspondence of LUCAS LF Points Classified as Stony elements with EMBAL
Classes (source: own elaboration)

Stony

e/ Arablelland |

eM: Non-agricultural E:E: Landscape elem:
eE:lGrassland E:: Shrubland

The maimproblem of mismatching orthe comparison of the pointsare due to:

1. Difference in thedefinitionsof the landscapdeatures Forexample, asignificant number of
points classifid as woody features in LUCAS LF are reclassified agrionltural (forest) in
EMBAL, largely due to EMBAL's more restrictive criteria concerning the maximum extent of
these features (0.25ha compared to 0.5ha in LUCASYabbe14. Additionally, some woody
elements from LUCAS LF are categorized under grasslands and shrublands in EMBAL. This
categorization shift occurs because, in LUCAS LF, shrubs and grass patches are included as part
of the woody elements, leading to discrgp@d A S& ¢KSy O2YLI NBR gAGK 9a

Problems with the alignment of points and polygons are evident, as depicted in

2. Figure 38. Both surveys accurately detect landscape features, but due teimersecting
geometries the assigned class in EMBAL differs. This issgemsnon in all classesas
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demonstrated in the sandkey diagrams above, where numerous landscape features are
misclassified into categories like grasslands or arable land. This pattern is esjpeeiant

inthe case of stony elementsdeFigure 37), where most elements are categorized differently.

A contributing factor to this issue among stony elements in the LUCAS LF survey is the inclusion
of a 1.5meter buffer when survang, affecting thegeometricalanalysisand results

Figure 38: Two images showing mismatch on the class is due to localization problem (source: own elaboration from
LUCAS documentation).

LUCAS LF
® Stony

EMBAL

] Arable land
Permanent cultures
Grasslands
[ shrublands
Landscape element
Non-agricultural (included Forest)
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Getting in touch with the EU
In person

All over the European Union there are hundreds of Europe Direct centres. You can find the address of the
centre nearest you online (european-union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union. You can contact this
service:

— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us_en.

Finding information about the EU
Online

Information about the European Union in all the official languages of the EU is available on the Europa
website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications
can be obtained by contacting Europe Direct or your local documentation centre (european-
union.europa.eu/contact-eu/meet-us_en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language
versions, go to EUR-Lex (eur-lex.europa.eu).

EU open data

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies.
These can be downloaded and reused for free, for both commercial and non-commercial purposes. The
portal also provides access to a wealth of datasets from European countries.
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