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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, amongst which the Common Agricultural Policy (CAP) and key European Union (EU) 
biodiversity legislation such as the Nature Restoration Law. As the amount of landscape features is 
often considered an important factor for agricultural biodiversity, indicator development was needed 
to assess policy performance with respect to biodiversity.  

European Commission services (Eurostat, JRC, AGRI, ENV, DEFIS) have agreed to bundle resources for 
developing a policy-relevant EU survey for the consistent quantification of the area of different types 
of landscape features at MS level, and possibly at regional level (NUTS2). The Land Use/Cover Area 
frame Survey LUCAS landscape features module was designed to fulfil this need and was first 
implemented in 2022 (LUCAS LF 2022). 

A total of 92,633 quadrats (square of 1ha with 41 sub-points inside) were surveyed for the presence of 
landscape features (encompassing 3.8 million sub-points). At EU level, it is estimated that landscape 
features cover 5.6% of agricultural land, with the larger 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 across the EU, providing 
estimates at both national and sub-national levels. A detailed comparative analysis further evaluates 
the results from the LUCAS LF 2022 survey against various data sources such as previous LUCAS 
transects survey and the Copernicus Small Woody Features dataset, enriching our understanding of 
landscape feature 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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Agricultural Landscape Features (LF) are small non-productive elements within agricultural landscapes, 
providing support for biodiversity and the supply of ecosystem services. This definition includes several 
non-productive elements of European agricultural landscapes, such as hedges, ponds, ditches, trees in 
line or in-group or isolated, field margins, terraces, dry-stone or earth walls, springs or historic canal 
networks. 

Traditionally, such elements were important elements of agricultural landscapes, closely linked to 
agricultural management practices that have modified existing features or actively created them 
(Poschlod & Braun-Reichert, 2017). Landscape features in agricultural land have potentially positive 
effects 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 adaptation (Batary et al., 2015). Landscape features may not only be beneficial to the 
environment, they can also improve field productivity by increasing soil fertility, helping natural pest 
control (Rega et al., 2018) and improving water availability. Moreover, traditional landscape features 
ƘŀǾŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ŎǳƭǘǳǊŀƭ ǾŀƭǳŜΣ ŜΦƎΦ ǘƘŜ ΨōƻŎŀƎŜΩ ƭŀƴŘǎŎŀǇŜ ƛƴ CǊŀƴŎŜ ƻǊ ǘƘŜ ǘȅǇƛŎŀƭ ŘǊȅ-stone walls 
in Malta or Ireland. 

The importance of landscape features has been recognized by several European sectoral policies, 
amongst which the Common Agricultural Policy (CAP) and some key components of the EU biodiversity 
legislation (including the Nature Restauration Law with the High Diversity Landscape Features and 
related target1). 

The CAP has included the concept of LF, 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 CAP (Regulation (EU) 2021/2115), landscape 
ŦŜŀǘǳǊŜǎ ǇŜǊǘŀƛƴ ǘƻ ǘƘŜ ƪŜȅ ǇƻƭƛŎȅ ƻōƧŜŎǘƛǾŜ Ψcontribute to the protection of biodiversity, enhance 
ecosystem services and preserve habitats and landscapesΩΦ ¢Ƙƛǎ ƻōƧŜŎǘƛǾŜ ƛǎ ǘǊŀƴǎǇƻǎŜŘ ǳƴŘŜǊ ǘƘŜ 
enhanced conditionality in the Good Agricultural and Environmental Conditions (GAEC 8) as a 
άƳƛƴƛƳǳƳ ǎƘŀǊŜ ƻŦ ŀǊŀōƭŜ ƭŀƴŘ ŘŜǾƻǘŜŘ ǘƻ ƴƻƴ-ǇǊƻŘǳŎǘƛǾŜ ŀǊŜŀǎ ƻǊ ŦŜŀǘǳǊŜǎέ ŀƴŘ Ǉƻǎǎƛōƭȅ ƻǇǘƛƻƴŀƭ 
under the eco-schemes instrument; while support remains available in the Rural Development 
programme through interventions under non-productive investments or in the Agri-Environmental, 
Climate and other Management commitments.  

In line with the current delivery model, the CAP adopted a more targeted performance and monitoring 
evaluation framework (PMEF2), with impact indicators evaluating the performance of the whole CAP. 
The indicator addressing landscape feature (C.21/I.21) ƛǎ ŀōƻǳǘ ǘƘŜ άshare of agricultural land covered 
with landscape featuresέΦ !ǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƭŀƴŘǎŎŀǇŜ ŦŜŀǘǳǊŜǎ ƛǎ ƻŦten considered as an important 
factor for maintaining and enhancing agricultural biodiversity, this impact indicator has a key role in 
assessing policy performance with respect to biodiversity. 

Since there was no single, comprehensive database which could be used to get a consistent overview 
of LF across the EU, European Commission services (Eurostat, JRC, AGRI, ENV, DEFIS) have agreed to 
bundle resources for developing and implementing a policy-relevant EU monitoring system all over the 
27 Member States (MS) 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). The LUCAS (Land Use/Cover 
Area frame Survey) landscape features module was designed to fulfil this need and was first 
implemented in 2022 (LUCAS LF 2022). The intention is to develop a long term monitoring scheme for 
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landscape features in agricultural context through regular / periodic surveys. This shall enable the 
assessment of the changes in the area covered by LF and therefore an indication of the overall impacts 
of the policy.  
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The Land Use/Cover Area frame Survey (LUCAS) EU survey was established to provide accurate and 
unbiased area estimates for various land use and land cover types across Europe, addressing key policy 
interests (Gallego and Delincé, 2010; Ballin et al., 2022). This survey applies a harmonized in situ data 
collection approach, covering the entire EU territory through field observations that serve as the basis 
for statistical calculations. 

Statistical sampling aims to maximize insights while minimizing effort and costs associated with 
measurements. By stratifying the samples into internally homogeneous groups (strata), stratified 
random sampling optimally selects sampling units within each stratum, leading to robust population 
mean estimates (Cochran, 1977). In LUCAS, sampling units are defined spatially (an "area-frame" 
survey), allowing direct estimation of land use/cover (LU/LC) type frequencies within each stratum. To 
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 meet the 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 a multiple phase stratified random sample survey. The first phase sample is a systematic 
seƭŜŎǘƛƻƴ ƻŦ Ǉƻƛƴǘǎ ƻƴ ŀ ƎǊƛŘ ǿƛǘƘ ŀ н ƪƳ ǎǇŀŎƛƴƎ ƛƴ 9ŀǎǘƛƴƎǎ ŀƴŘ bƻǊǘƘƛƴƎǎ ŎƻǾŜǊƛƴƎ ǘƘŜ ǿƘƻƭŜ ƻŦ ǘƘŜ 
9¦Ωǎ ǘŜǊǊƛǘƻǊȅ όŘΩ!ƴŘǊƛƳƻƴǘ et al., 2020). Currently, it includes around 1 million points and is referred 
to as the master sample or master grid. Each of these points are then allocated to a homogeneous 
group of points (referred to as stratum) based on different criteria described in the next section such 
as region or a-priori knowledge of the point land cover obtained from a photo interpretation, auxiliary 
information or previous survey. It is, indeed, not necessary to sample all regions similarly (depending 
on whether the Land-Use/Cover is homogeneous or diverse), and a stratified sampling approach was 
adopted, with different point sampling density in each stratum. From this stratified first phase sample, 
the second phase sample of points is selected to obtain the desired statistically representative spatial 
distribution of sampled land cover classes according to the first phase interpretation, and to meet a 
predefined criteria for the expected coefficient of variation (CV) of the estimates. Note that a third 
phase sampling has been added for the Landscape feature module (see section 2.4 for details). 

The LUCAS core variables (including the main land-use / land cover) are the ones collected for each 
point surveyed. In addition to the core variables, some specific [¦/!{ άƳƻŘǳƭŜǎέ were carried out on 
ŘŜƳŀƴŘ ǎǳŎƘ ŀǎ όƛύ ǘƘŜ ǘǊŀƴǎŜŎǘ ƻŦ нрл Ƴ ǘƻ ŀǎǎŜǎǎ ǘǊŀƴǎƛǘƛƻƴǎ ƻŦ ƭŀƴŘ ŎƻǾŜǊ ŀƴŘ ŜȄƛǎting linear 
landscape features (2009, 2012, 2015), (ii) the topsoil module (2009, 2012 (partly), 2015, 2018 and 
2022), (iii) the grassland module (2018 (pilot), 2022), (v) the Copernicus module collecting the 
homogeneous and continuous extent of land cover ƛƴ ŀ рл Ƴ ǊŀŘƛǳǎ όнлму, 2022) and (vi) the Landscape 
Feature module (2022). The LUCAS Landscape Feature module was first implemented in 2022 within 
the LUCAS survey. It was carried-out on a sub-sample of the LUCAS core points (92,633 of the in situ 
observed points -see section 2.3-, first photo-interpreted on a very-high resolution aerial ortho-photo, 
then in-situ visited). The in-situ or field-survey nature of the survey implies that part of the data is 
gathered through direct observations made by surveyors on the ground. Those points which are 
unlikely to change (e.g. urban) and points that are expected to be too difficult to access (e.g. in in the 
mountains, estimated by  reachability criteria as described in Ballin et al. (2022) are classified by photo-
interpretation in the office, using the latest available ortho-photos or Very High Resolution (VHR) 
images. 

The Landscape Feature module in 2022 aimed to get a consistent, homogeneous, and statistically 
representative 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). 



8 

 

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

 

The first phase is a systematic selection of points on a grid with a 2-km spacing in Eastings and 
bƻǊǘƘƛƴƎǎ ŎƻǾŜǊƛƴƎ ǘƘŜ ǿƘƻƭŜ ƻŦ ǘƘŜ 9¦Ωǎ ǘŜǊǊƛǘƻǊȅΦ In 2022, the LUCAS master grid (master sample), 
covering the entire survey area, consists of 1,029,030 points in a 2x2km grid (see  (a) upper 

left). 

 

The details of the sampling procedure are provided in Ballin et al. (2022) and are summarised in this 
section. From the master grid, aiming to select 400,000 points, 399,6483 were included in the 2022 
core survey, in the following referred to as LUCAS ΨcoreΩ points (see  (a)). The number of points 

being a trade-off between the objective of the survey and the costs.  

The first stratification was based on four different variables: the administrative region (NUTS2), the 
land cover from Corine Land Cover (CLC), a photo-interpretation of the master sample on eight raw 
land cover classes (1st digit of STR18) and the result of a land cover predictive model. The eight land 
cover classes are: artificial land, cropland, woodland, shrubland, grassland, bare land, water areas and 
wetlands. A-priori land cover and land use information was thus necessary for the first-phase 
stratification. However, for some points, these were not available, and a predictive model has thus 
been used. The land cover and land use values were predicted through a random forest algorithm with 
variables, including Corine Land Cover 2018, forest 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 when available.  Some other variables were also predicted, such as reachability 
(i.e., how accessible is the survey point location).  

Accordingly, all 1,029,030 points in the master grid were divided into a set of strata, according to these 
four different criteria: 

1. NUTS2 regions (242 in EU-27) 

2. Corine Land Cover 2 digits (15 values) 

3. STR18 (8 values) ς the raw photo-interpreted land cover from the 2018 stratification 

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 399,648 points were selected for LUCAS core, where their distribution into the different strata was 
based on minimization of the expected uncertainty. Subsequently, 199,823 of these points were 
selected for in-situ observations, the rest (i.e. 199,825) for photo interpretation in the office. Points to 
be field surveyed were randomly sampled based on a predetermined inclusion probability, partly 
based on reachability. Some 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 an increased probability of being included in the field 
sample. Additionally, as an obvious logistic constraint, the points in the soil sample (41,000 points 
altogether, 15,000 belonging to a panel component) were always surveyed in situ.  
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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. Under those conditions, clusters sampling designs are more cost-
efficient and perform better at ΨŎŀǇǘǳǊingΩ ǘƘŜǎŜ ŦŜŀǘǳǊŜǎ όDŀƭƭŜƎƻ Ŝǘ ŀƭΣ мфффύ. This is why it was 
proposed to use a second level of sampling point through a cluster of 41 sub-points (regular grid) in a 
1-ha square (or 100m quadrat) around the LUCAS-Core point (instead of observing only that point) 
( ). 

 

 

 

With the introduction of clusters in the final step of the sampling design, the overall scheme can be 
seen from a slightly different perspective, with the 1-ha quadrats considered as the elementary 
territorial units of the entire sampling process. For LUCAS Core, we only observe the central point of 
the sampled quadrats, while for LUCAS Landscape Feature we observe a systematic grid of points inside 
the quadrats subsampled in the third phase. Therefore, the LUCAS LF sampling approach can be 
described as a three-phase scheme with two stages in the third phase. 
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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 among eligible locations (see below) that had already been selected 
for the in-situ observations during the first stratification phase. This subsampling only among eligible 
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locations can be seen as a new stratified random subsample of the LUCAS Core sampling points, to 
prioritize agricultural land where landscape features are more likely to occur (eligible points). The 
LUCAS points (the centre of potential quadrats) were regarded as eligible if their centre could be 
classified in one or more of the following three classes: 

1. Land Use = U11* (Currently used agricultural land, fallow land and kitchen gardens, value 
either from LUCAS 2018, or the predicted land use, as described in section 2.3). The 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. For the classification see ETC/ULS (2017) 

From the subsample of eligible quadrats an additional subsampling was done to ensure a spatially 
balanced sample among countries (Ballin et al., 2022). Additionally, as previously mentioned, locations 
selected for the soil module were also 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 photo-interpretation and field surveys using 100 m quadrats 
(  (b)), with 41 systematically distributed sub-points in each quadrat where information was 

collected. 

 gives an overview of the points in the LUCAS survey, including how many were selected for in-

situ observations and later for the LF module, tabulated from the data sets. The difference between 
the selected number of points and the number available for LF after data cleaning is mainly a result of 
removing points close to the borders between either Estonia, Latvia or Lithuania on one side and Russia 
or Belarus on the other side (this was done for security reasons during field survey). The missing 
locations are shown in . Further details on the LUCAS 2022 sampling design are given by Ballin 

et al. (2022). 

In 2022, nearly 3.8 million sub-points were surveyed at the 92,633 sampling units (quadrats). All points 
and sub-points are geo-referenced using the official European projection system, LAEA Europe 
EPSG:3035 (https://epsg.io/3035). This ensures consistency across all MS. 

 LUCAS Core LF eligible 

ALL (LUCAS master grid) 1,029,030 496,297 

Included in LUCAS 2022-core 399,648 242,599 

Included in LUCAS field survey 199,823 137,764 

Included in LF module  92,629 

Available for LF after data cleaning   92,382 

 

https://epsg.io/3035
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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 (137,764/242,599).  shows the relationship between 

the different sampling phases of LUCAS. The small part of the LF sample from non-eligible LUCAS Core 
data is caused by the inclusion of points from the soil sample, as some of them are from non-eligible 
locations.  depicts the distribution of the selected LF sample points by country. 
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MS 
LUCAS 

master grid  LUCAS Core  
Master:  LF 

eligible  

LUCAS 
Core:  LF 
Eligible  

LF field 
survey: LF 

Eligible   LF sample  
LF Sampling 

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 

CZ  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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MS 
LUCAS 

master grid  LUCAS Core  
Master:  LF 

eligible  

LUCAS 
Core:  LF 
Eligible  

LF field 
survey: LF 

Eligible   LF sample  
LF Sampling 

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 

SI  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 grid: The total number of points in the 2x2 km systematic grid covering the entire EU territory, used as the first phase of the LUCAS sampling 
framework. 

LUCAS Core: The subset of points selected from the master grid for the core LUCAS survey, aiming to provide a representative sample for land use and land cover 
analysis. 

Master: LF eligible: The number of points 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 Core: LF Eligible: The subset of LF-eligible points within the LUCAS Core sample, used as the basis for further LF-specific sampling. 

LF field survey: LF Eligible: The number of LF-eligible points that were selected for in-situ field surveys, representing a more focused subset of the core sample. 

LF sample: The final number of points surveyed for landscape features, including both in-situ observations and those analysed through photo-interpretation. 

LF Sampling rate: The proportion of LF-eligible points in the LUCAS Core that were ultimately included in the LF sample, indicating the efficiency and coverage of 
the LF module within each MS. 

 

This section summarizes the field survey protocol that is described in detail in the instructions to LUCAS 
surveyors (Eurostat (2022a), in particular for the LF module instruction, pp 125-139). 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 ditch). The surveying of the sub-points is carried-out in 2 steps:  

Step 1 is an office-based photo-interpretation (PI), where the sub-points are evaluated based on very 
high resolution (0.1 ς 1m) ortho-photos for the presence and type of LF. 

Step 2 is the LUCAS field-survey (FS) of the same observation units, where a LF identified during Step 
1 has to be confirmed or corrected in-situ. 

Each sub-point is classified into one of the following seven different LF types ( ), i.e. W: Woody 

vegetation, G: Permanent grass / herbaceous, T: Temporary herbaceous, D: Ditches and streams, P: 
Small ponds and small wetlands, S: Stone / earth walls, cairns, and terraces and C: Cultural features. 
For the indicator computation, four main LF types were considered consisting as W, G, S and a merged 
category Wet (E) combining D and P as summarized in . These four LF types also correspond to 

ǘƘŜ άŦǳƴŎǘƛƻƴŀƭ [C ǘȅǇƻƭƻƎȅέ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ Czúcz et al (2022a,b) based on a synthesis of previous 
EU definitions and data sources.  
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Code & 
name 

Definition / instructions 

W: Woody 
vegetation LF 

This type includes isolated trees, trees in line, hedgerows, riparian woody vegetation (along water course), or any narrow 
strips (<20 m) of land covered by trees and shrubs within an agricultural context. This type can also include small groups 
of trees, field copses, or any small groups of woody semi-natural vegetation in an agricultural context (<0.5ha). On the 
other hand, productive trees in agro-forestry systems or in orchards shall NOT be considered as LF in the LUCAS LF 
module. In case there is a grass (herb) layer under the woody vegetation, the woody feature is considered to incorporate 
ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ƎǊŀǎǎ ƭŀȅŜǊ ǘƻƻΦ όΧύ ¢ƘŜ ƳŀȄƛƳǳƳ ŀǊŜŀ ŦƻǊ ŀ ǿƻƻŘȅ [C ƛǎ лΦрƘŀΦ 

G: Permanent 
grass / 
herbaceous LF 

This type consists of permanent semi-natural herbaceous vegetation (typically grass and/or perennial herbs) which are in 
ǘƘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ŎƻƴǘŜȄǘΣ ŀƴŘ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ŘƛǊŜŎǘƭȅ ǳǎŜŘ ŦƻǊ ƎǊŀȊƛƴƎΣ ƻǊ ŦƻŘŘŜǊ ǇǊƻŘǳŎǘƛƻƴ όΧύΦ ¢Ƙƛǎ Ƴŀȅ ƛƴŎƭǳŘŜ ŦƛŜƭŘ 
margins, buffer strips (along ditches or ponds), or any other small pieces of semi-ƴŀǘǳǊŀƭ ƘŜǊōŀŎŜƻǳǎ ǾŜƎŜǘŀǘƛƻƴ όΧύ ŀǎ 
long as they are next to arable or permanent crops fields. The minimum width of this type is 1m (for ensuring 
persistency) and the maximum width 20m. Nevertheless, this type of LF excludes parcels of actively managed grasslands 
(used for grazing or fodder production), and large patches of (semi-)natural grasslands (wider than 20m). Furthermore, 
farm tracks with grass, and grass strips between the rows of vineyards/orchards are also excluded from the LUCAS LF 
ƳƻŘǳƭŜ ǎŎƻǇŜΣ ŀƴŘ άƎǊŀǎǎȅ ƳŀǊƎƛƴǎέ ǘƘŀǘ ŀǊŜ ƴŜȄǘ ǘƻ ƎǊŀǎǎƭŀƴŘ ǇŀǘŎƘŜǎ ǎƘƻǳƭŘ bh¢ ōŜ ǊŜƎƛǎǘŜǊŜŘΣ ŜƛǘƘŜǊΦ tŜǊƳŀƴŜƴǘ 
grass/herbs landscape features do not include the grass layer under a woody feature, nor wet marsh vegetation (which 
are registered either with code D or P). 

T: Temporary 
herbaceous LF 

This type consists of narrow strips of cropland planted with non-productive crops or flower-rich fallow (weed) vegetation 
inside arable land or permanent crops (typically along field margins), deliberately sown by the farmers to support 
ōƛƻŘƛǾŜǊǎƛǘȅ όΧύΦ ¢ƘŜ ƳŀȄƛƳǳƳ ǿƛŘǘƘ ƻŦ ǘƘƛǎ ǎǳōǘȅǇŜ ƛǎ нл ƳΣ ŀƴŘ ǿƛŘŜǊ ǎǘǊƛǇǎ ƻŦ ŦƭƻǿŜǊǎ ƻǊ Ŧŀƭƭƻǿǎ ǎƘƻǳƭŘ ƴƻǘ ōŜ 
considered in the LUCAS LF module. The minimum width of this feature type is 1m. Exclusions: Weedy spots resulting 
from the failure of arable crops. If a grassland strip shows the characteristics of both a temporary (T) and a permanent 
(G) grassland strip, then G should be chosen. 

D: Ditches and 
streams 

This type includes small water courses (G20) within an agricultural context, including the open water surface of streams, 
ŘƛǘŎƘŜǎΣ ŀƴŘ ǎƳŀƭƭ ŎƘŀƴƴŜƭǎ ŀƴŘ ǘƘŜ ŀŘƧŀŎŜƴǘ ƳŀǊǎƘ ǾŜƎŜǘŀǘƛƻƴ όΧύ ǳǇ ǘƻ ŀ ƳŀȄƛƳǳƳ ǿƛŘǘƘ ƻŦ нлƳΦ 5ƛǘŎƘŜǎ ǘƘŀǘ ŀǊŜ ŘǊȅ 
at the moment of observation can also be registered as D if the vegetation reveals a regular presence of water. 
Exclusions: Artificial constructions (channels with walls of concrete and subterranean constructions) are excluded. If a 
sub-point falls on edges or banks along small water bodies, it shall be recorded separately as e.g. grass (G), or woody LF 
(W) (according to their nature), if they satisfy the relevant criteria. 

P: Small ponds 
and small 
wetlands 

¢Ƙƛǎ ǘȅǇŜ ƛƴŎƭǳŘŜǎ ǎƳŀƭƭ ǇŀǘŎƘȅ ƭŀƴŘǎŎŀǇŜ ŦŜŀǘǳǊŜǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǿŜǘƭŀƴŘǎ όΧύ ŀƴŘ ǿŀǘŜǊ ōƻŘƛŜǎ όDмлύ ƛƴ ŀƴ 
agricultural context up to a maximum size of 0.5 ha. The type also includes accumulations of still water formed naturally 
(e.g. wetlands, lakes, natural lagoons, seepage areas) or artificially (e.g. pits and waterholes). Small ponds can contain a 
core of open water and an adjacent wetland, characterized by marsh vegetation (e.g. reed or sedge beds) adapted to and 
dependent on the regular presence of surface water and high water levels. Exclusions: reservoirs lined with concrete or 
plastic and depressions used as landfills. If a sub-point falls on edges or banks along small ponds, it shall be recorded 
separately as grass (G), or woody LF (W) (according to their nature), if it satisfies the relevant criteria. 

S: Stone / 
earth walls, 
cairns, and 
terraces 

This ǘȅǇŜ ƛƴŎƭǳŘŜǎ ǇƛƭŜǎ ƻŦ ǊƻŎƪ ƻǊ ǎǘƻƴŜ ƻŦ ŜŀǊǘƘ ƳŀǘŜǊƛŀƭ όΧύ ƛƴ ŀƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ŎƻƴǘŜȄǘΣ ŀƴŘ ǘŜǊǊŀŎŜŘ ŀƎǊƛŎǳƭǘǳǊŀƭ 
landscapes. Such features may be natural (e.g. secular stones) or man-made, often historical, objects (e.g. dry stone 
walls, clearance cairns, terraces). Terraced hillsides are anthropogenic structures created to reduce the risk of erosion, 
ŎƻƴǎƛǎǘƛƴƎ ƻŦ ƻƴŜ ƻǊ ƳƻǊŜ άǎǘŜǇǎέ όǎǘŜŜǇ ǎŜŎǘƛƻƴǎ ŎƻǾŜǊŜŘ ǿƛǘƘ ǇŜǊƳŀƴŜƴǘ ǿƻƻŘȅ ƻǊ ƎǊŀǎǎȅ ǾŜƎŜǘŀǘƛƻƴ ƻǊ ǎǘƻƴŜ ǿŀƭƭǎύ 
ŀƴŘ άƭŀƴŘ ōƭƻŎƪǎέ όŦƭŀǘ ǎŜŎǘƛƻƴǎ ǘƘŀǘ ŀǊŜ used for agricultural production, separated by the steps). If trees and shrubs 
(liana) cover the stone walls, both features shall be registered. Herbaceous vegetation, on the other hand, is considered 
to be an integral part of S. If a sub-point falls on the flat part (land block) of a terraced hillside, it shall NOT be recorded as 
S. 

C: Cultural 
features 

Cultural features are local elements of cultural heritage that provide ecosystem services. This type includes historical 
mounds (round or elongated masses of earth protruding above a flat agricultural landscape, typically of (pre)historic 
origin and covered in semi-natural vegetation: e.g. burial mounds, prehistoric tells, Cumanian mounds, and historical 
earth banks). Historic mounds are covered either by permanent grass (G) or scrub/trees (W), which shall be registered as 
the primary LF, and the LF code C should thus only be used as secondary LF type. 

 

In summary, the four main LF types within the LUCAS LF module 2022 were thus: 

Woody: Including hedges, wooded 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: Covering stonewalls, terraces, clearance cairns, and rock outcrops. 

The minor LF types T and C features were both too small to have any influence on the estimates and 
are not included in the analysis below. 
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Importantly, the LUCAS LF module considers only LF that are in an agricultural context, and within 
specific size limits (linear features having a width greater than 1m and smaller than 20m and patchy 
features covering an area between 1m2 and 5000m2). Full details are available in the ΨInstructions for 
ǎǳǊǾŜȅƻǊǎΩ ŘƻŎǳƳŜƴǘ όEurostat (2022a), section 8.17). 

The definition of Ψagricultural landscape featuresΩ ƛƴŘƛŎŀǘŜŘ ŀōƻǾŜΣ ƛƳǇƭƛŎƛǘƭȅ ƛƴŎƭǳdes all non-
productive LF that are lying: 

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

ð between agricultural fields;  

ð between an agricultural field and linear infrastructure (farm track, road, or railway);  

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

ð ōŜǘǿŜŜƴ ŀƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ŦƛŜƭŘ ŀƴŘ ǿŀǘŜǊ ōƻŘƛŜǎ όǊƛǾŜǊǎΣ ƭŀƪŜǎΣ ǊŜǎŜǊǾƻƛǊǎΧύΦ  

Similar features (trees, streams, hedgerows, etc.) laying outside of an agricultural context (with no 
adjacent agricultural field) were not taken into account by the LF module survey. Consequently, each 
sub-point was assessed for the presence and type of LF in agricultural land based on a series of 
questions: 

ð does the sub-poƛƴǘ Ŧŀƭƭ ƛƴ ŀƴ ΨŀƎǊƛŎǳƭǘǳǊŀƭ ŎƻƴǘŜȄǘΩΤ 
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ð if yes, does it fall on a landscape feature (a non-productive element); 

ð if yes, what is the type of the LF at the location of the sub-point? 

This approach is particularly adapted to a swift point survey (no need to delineate the area of LF). It 
ŀƭǎƻ ŜƴǎǳǊŜǎ ǘƘŀǘ άƴƻ ƻƴŜ ƛǎ ƭŜŦǘ ōŜƘƛƴŘέ ƛΦŜΦΣ ŀƭƭ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ǎƳŀƭƭΣ ǎŜƳƛ-natural, and are 
embedded in an agricultural context will end up in one of the classes (if there is a sub-point falling on 
them). 

Note that, in addition to survey protocol (Eurostat (2022a), Chapter 8.17), a complementary guidance 
was provided to the surveyors, aiming to harmonise the interpretation of what "embedded in or 
adjacent to agricultural land" means in practice (see Annex 3 of this report).This additional guidance 
outlines a structured decision process for photo-interpreters and field surveyors to achieve 
harmonized and robust survey results, focusing on size, adjacency, and the identification of potential 
LFs. The additional guidance aims to facilitate more objective and reproducible decisions, enhancing 
the consistency of data on landscape features across the EU. This document was important for 
accurately capturing the diverse elements within agricultural landscapes, from the initial identification 
of agricultural land to the detailed analysis of "small island features" and "bordering features," thereby 
contributing significantly to streamlining ǘƘŜ ǎǳǊǾŜȅƻǊǎΩ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ the landscape features module's 
methodology. 

 

 

The survey  was carried out between March  2022 and August 2023.   gives an 

overview of the number of samples that were collected each day during the survey 

period. 

 provides a map overview, showing in which period different 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 Finland, with a few quadrats also in 
Luxembourg and Poland.  

 provides an overview of the surveyed locations per month in the individual MS. The survey 

started in Cyprus, with the first 51 quadrats surveyed in March 2022. 848 more quadrats in 13 more 
countries were surveyed in April 2022, with largest effort in Spain (298 quadrats). 
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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 0 895 1577 1645 1410 1851 1132 1060 13 

DK 0 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 

FI 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 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 0 233 358 374 337 296 33 16 0 

LU 0 0 51 18 16 9 20 3 0 0 

LV 0 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, the surveyors have a ground document (see examples in Figure 8). This ground 
document provides the detail mapping of the quadrat and its 41 sub-points with most recent aerial 
ortho-photo in background. It also provides information from previous survey (photos, data collected) 
if the LUCAS core point was visited previously. 
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The JRC supported LUCAS surveyors through ŀ άC!v ƳŜŎƘŀƴƛǎƳέ, mainly during the training period 
and the first part of the photo-interpretation and field survey (December 2021 - July 2022). JRC has 
received 42 formal requests from 12 different MS. A summary of these requests can be seen in Table 
5. 

Type Description Count Share* 

S scoping decisions -- to determine if a larger area is relevant for the LF module or not (i.e. 
ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ άŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘέ ǎŜƴǎo LUCAS LF) ς ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ άǎƛǘǳŀǘƛƻƴǎέ 
causing scoping issues:   

23 55% 

s: (slightly grazed) semi-natural grasslands with shrubs and trees (and possibly also 
stones/rocks + small wetlands) 

18 43% 

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

u: suburban settings with buildings gardens + allotments (many small parcels with unclear 
use/identity) 

2 5% 

ŀΥ ŀƎǊƻŦƻǊŜǎǘǊȅ ǎȅǎǘŜƳǎ ό{ǘǊŜǳƻōǎǘǿƛŜǎŜΣ ŘŜƘŜǎŀΧύ 2 5% 

i: industrial agriculture (greenhouses, animal stalls... agriculture with a lot of 
anthropogenic objects) 

1 2% 

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

C LF types (=classification / categorization) -- questions related to the definition / 
identification of 1-2 LF types 

8 19% 

G geometric decisions -- to determine if the patches meet the size and adjacency 
constraints 

7 17% 

T topological decisions -- to determine if a specific sub-Ǉƻƛƴǘ ǎƘƻǳƭŘ ōŜ ǎŜŜƴ ŀǎ άǿƛǘƘƛƴέ ŀ 
ǇƻƭȅƎƻƴΣ ƻǊ άƻǳǘǎƛŘŜ ƻŦέ ƛǘΦ 

7 17% 

 

ð The scoping decisions cause the most problems to the surveyors (55% of the requests). Scoping 
issues may have consequences on data quality. In particular marginally grazed semi-natural 
grasslands mosaicking with trees and shrubs caused difficulties throughout Europe. Most critical 
situations occurred in the Mediterranean (e.g. Greece reported a significant number of LF quadrats 
as άƴƻǘ ƛƴκƴŜŀǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘϦ), similarly such situations were also found in Italy, Spain and 
Portugal. However, this issue was also found in Eastern Europe (e.g. Bulgaria, Romania), and 
Scandinavia (e.g. Sweden). The problem is often connected to (semi) abandoned agriculture, also 
some types of agroforestry systems (e.g. Dehesa / Montado) can cause problems in identifying 
άŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘέ ƛƴ ŀ ƳŜŀƴƛƴƎŦǳƭ ŀƴŘ ƻōƧŜŎǘƛǾŜ ǿŀȅΦ ¢ƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ άƳŀrginal 
ŀƎǊƛŎǳƭǘǳǊŜέ ǎƘƻǳƭŘ ōŜ considered in the future, in order to optimize the survey for its most 
important policy goals. 

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

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

ð Geometric issues, which comprised 17% of the inquiries, dealt with whether the patches met the 
specified size and area constraints. 
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ð Topological issues, also making up 17% of the inquiries, revolved around determining whether a 
specific sub-point fell within or outside of a polygon. 

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

 

Surveyed data is available at the Eurostat official data portal 
(https://ec.europa.eu/eurostat/web/lucas/database/2022) as a single CSV file that has all relevant 
attribute information from all modules. The file was downloaded and, in order to facilitate the analysis, 
point identifier columns, GPS position and reference, relevant land use and land cover, and all 
landscape feature (LF) specific attributes were selected. All records ƘŀǾƛƴƎ ǘƘŜ ŀǘǘǊƛōǳǘŜ άthLb¢ψ[Cέ 
set to zero, meaning not part of the initial LF sample, were excluded. The resulting table was uploaded 
to a postgreSQL database, where further processing took place in a dedicated form to fit the purpose 
schema. Most notably, the data was converted from wide to long format, showing the repeating point 
ID for every sub-point ID (point in quadrat ID), and the respective value, or LF type, found at each sub-
point for each one of the four types of LF survey conducted (LF1 and LF2 both for Photo and field 
survey). Data was then combined into a single table, projected to a geometry (i.e. converted from 
alphanumerical values to vector geometry) and checked for spatial equivalence. Subsequently, the 41 
quadrat point geometries were built based on their distance from the central LUCAS point and the 
attribute information transferred accordingly. Reclassifications of different cases of missing values and 
adding a column that combines the FS and PI information by coalescing them in certain cases of said 
missing values follows. Finally unnecessary columns were dropped and performance indexes built. The 
produced dataset has 92,382 unique point IDs, each with 41 sub-points that made 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. 

 

An innovative online dashboard4 ( ) has been developed by the JRC to effectively manage and 

navigate through the complexities of the landscape features (LF) dataset.  

The web application is created as a Jupyter Notebook5 using the Python programming Language and 
deployed using the Voilà plugin6. The services provided by the JRC Big Data Analytics Platform (BDAP)7 
are used by the dashboard to visualise and interact with the source datasets, the base maps in raster 
formats and the vector LF data stored in a PostgreSQL database. A new open source library, called 
VOIS8 and recently deployed by JRC, was used for the graphical user interface: it features a collection 
of widgets that provide a modern look to the application and simplify the creation of data-centric 
dashboards. 

The source code of the application is organised following the object-oriented framework, thus 
subdividing the code in classes that encapsulate data and function members. The following UML 
simplified schema ( ) shows the classes and modules that make up the LUCAS dashboard and 

the relations among them: 

 

                                           

https://ec.europa.eu/eurostat/web/lucas/database/2022
https://jeodpp.jrc.ec.europa.eu/eu/dashboard/voila/render/REFOCUS/Lucas/Lucas.ipynb


23  

 

 

Designed to serve as a dynamic link between data, policy, and stakeholders, the dashboard is 
comprised of three integral components: the 'Viewer' provides an interactive visual exploration of the 
survey, enhancing user engagement; the 'Editor' function allows for the critical re-interpretation and 
quality assessment of data points, ensuring the reliability of the dataset; lastly, the 'Indicators' 
component offers a visualization of key metrics, supplying a holistic view of LF and featuring advanced 
tools for in-depth analysis at the NUTS2 level for region-specific insights. This multifaceted platform 
streamlines the synthesis and dissemination of data, fostering informed decision-making and policy 
development. 

 

 

 

https://jeodpp.jrc.ec.europa.eu/eu/dashboard/voila/render/REFOCUS/Lucas/Lucas.ipynb
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The aim of the Quality Control, operated by Eurostat and LUCAS contractors, is to validate the data 
and photos collected during the photo-interpretation and the in-situ survey campaign. 

The quality control measures are conducted in accordance with the reference document "C4 ς Quality 
Control" (Eurostat (2022c)) on the points indicated by the European Commission (Eurostat). 

Quality checks include: 

ð Correctness of location 

ð Current land cover, land use and agro-environmental data, extended grassland (plausibility) and 
grassland module, landscape features (plausibility), Copernicus 

ð Logical consistency of the data (including change analysis) 

ð Itinerary of the surveyors (using the GPS tracks) 

ð Photo: existence of mandatory photos, quality, anonymization 

Collected data goes through a multi-level chain of quality controls, starting with embedded automated 
quality controls on data input, followed by a visual consistency check in order to guarantee its good 
quality. All data is verified at regional officer and/or central officer level and if conformant with the 
quality requirements, it is then forwarded up in the quality control chain to the independent external 
quality control (XQC) and the Commission (Eurostat). If mistakes are found, the data is returned to the 
surveyors via the responsible central officer for further corrections and possibly revisiting the point. 
Then the point is again checked by the XQC. Finally, the data is sent to the Commission for final 
approval. 

 

Following the survey, the data pre-processing and the quality check, some rules described hereafter 
had to be defined to process the points collected to 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 if a tree crown 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 LF2. The reason for this was 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 width. LF2 would therefore only include stony, 
wet and the few cultural elements.  

When two LF-types were registered for the same point (i.e. LF1 and LF2), only one was used in our 
calculation to estimate the share of landscape features in agricultural land. For the total share of 
landscape features, there is no difference between using LF1 or LF2. For the individual LF-types, we 
can either choose between one of them (this assures that the sum of the LF-types is equal to the total 
share of landscape features), or choose points that have the LF type 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 
increase or reduce in size with growth or falling branches). LF1 (stony or grassy) was used when LF2 
was cultural (only 21 sub-points). 

Lastly, there were some points that were not accessible to the surveyor in the field for different 
reasons. The methodological setup was not designed for missing values. Hence, it was chosen to use 
the photo-interpreted values in these cases. This may introduce some errors, but concerns a relatively 

file:///C:/Users/terreje/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/CPUSYHQX/Eurostat
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small number of points. The combined set of landscape feature values will be referred to as the 
consolidated LF-value. 
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The indicator addressing LF (I.21) ƛǎ ŀōƻǳǘ ǘƘŜ άshare of agricultural land covered with landscape 
featuresέΦ Lǘ was estimated based on the LUCAS LF module and the LUCAS Core data set, following a 
rigorous statistical protocol. 

 

When computing a mean or a total from a stratified sample, such as the LUCAS data, the samples in 
each stratum need to be weighted in the computation. In the simplest case, such as for 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 are ὔ points in the mastergrid and ὔᴂ 
points in the LUCAS core sample, the weight of the stratum is ύ ὔȾὔ.  

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

First, the points are separated into eligible and non-eligible points. The non-eligible are the ones where 
landscape features (in agricultural land) are unlikely to be observed, whereas the eligible are the ones 
where we might observe 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 landscape feature elements in 
agricultural land.  

The first subsampling took place when points from LUCAS core were selected for the field survey. If 
there are ὓ  eligible points in LUCAS core, and ὓ  points in the field survey, we can refer to the 
eligibility ratio e as Ὡ ὓ Ⱦὓ .  

The second subsampling was when points for the landscape feature module were selected from the 
eligible points in the field survey. If ὓᴂ points were selected for the landscape feature module, then 
we will refer to this rate as the landscape feature subsampling weight  ύ  ὓ Ⱦὓ . 

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

 ύ   
ύ ύz  

Ὡ

ύ ὓz Ⱦὓ

ὓ Ⱦὓ
ύ ὓzȾὓ  

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

As a last step, it was necessary to modify the weights to correct for the fact that some of the strata did 
not include any quadrats in the LF-module, even if the strata had LF-eligible points. This would in most 
cases happen if the theoretical subsample of the stratum was low (estimated to be in the range 0-1, 
sometimes rounded to 0) or if none of the eligible points were reachable. If one or more strata in a 
NUTS2-region with LF-eligible points had zero points in the LF-module, all weights in the region were 
modified as: 

 
ύ  ᶻ ύ  

Вὓ

Вὓ Ὅzὓ π
 

 

where the indicator function (ὓί Ҕлύ means that the denominator only includes the number of 
eligible points in LUCAS core for strata where points were selected for the LF module. A similar 
correction would have to be done on a national level if there were any NUTS2-regions without quadrats 
in the LF module (only the case for Brussels in Belgium).  
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The idea of the proposed CAP indicator I.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 LUCAS Landscape Feature module. 

For each quadrat i, we have a ratio ὶ ȟ which is the number of relevant (linked to agricultural land) 

LF sub-points in a quadrat (ώ) divided by the number of sub-points in the quadrat (41): ὶ ώȾτρ. If, 
for example, there are three relevant LF sub-points in a quadrat, ὶ σȾτρ. 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: 

 ώ
Вύᶻ  ὶ

Вύᶻ
  

However, the estimate ώ 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, partly agricultural, or 
not agricultural land at all. Actually, it can be noticed that the number of sub-points with agricultural 
land cover in the quadrat is not used to compute ώ. We underestimate the share of LF on agricultural 
land by using ώ, as the denominator also includes points that are not agricultural. For example, if only 
20 sub-points in a quadrat are agricultural, we should rather divide by 20 to find the share of LF. But 
this information is not available. It was not sampled as it is not strictly necessary for computation of 
the indicator. Instead, we can use a two-step approach where the values of ώ in the region are first 

used to estimate the total area ὃ  in agricultural land of one or more LF classes in the region:   

 ὃ Ὀ ώz ύᶻ ώ Ὀώ ύᶻ  (4)  

where Ὀ is the total area of the stratum defined by its number of eligible quadrats and Ὀ  is the area 
of each pixel in the master grid. For the LUCAS sample, this will be 4 km2 (Ὀ) multiplied by the number 
of eligible quadrats. The indicator ()Ȣςρ) giving the percentage of landscape features on agricultural 
land will then be  

 )Ȣςρ ὃ Ⱦὃ  (5)  

where ὃ  is an estimate of the agricultural land area.  

The agricultural land 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 point belongs to an agricultural class:  

 ὃ  τὯά ᶻ ύᾀ (6)  

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

The denominator in Eq. (5) is the agricultural area, and the selection of points to include here will highly 
influence the final value of the indicator. Table 6 gives an overview 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 
and/or land use classes. An example could be that the first land use class is U319 (Electricity, gas and 
thermal power distribution) or U311 or 312 (road or rail transport), whereas the second one is U311 
(agriculture). In that case agriculture is the land use below the other features (either power lines or 
bridges), and should be counted as agricultural area. According to instructions to surveyors, the 
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landscape features that were only adjacent to kitchen gardens (U113) should not be registered as such 
in the survey. Kitchen gardens are therefore also not included as agricultural area. 

ᶰ

ᶰ

 Code Definition 

Land use class U111 Agriculture (excluding fallow land and kitchen gardens) 

 U112 Fallow land 

Land cover class A31 Greenhouses 

 Bxx Cropland 

 Exx Grassland with sparse tree/shrub cover 

 F40 Bare soil 

Consequently, agricultural buildings, woodlands and shrublands are not counted as agricultural land.  

One could argue that the nominator in Eq. (5) 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 in the 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 noted that some 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 or non-agricultural land (assessment made from the 
central point of the 41 sub-points of the LF quadrat which is also surveyed as a LUCAS core point). It 
would in theory be better to estimate the areas of landscape features that are classified within 
agricultural and non-agricultural area. However, this would be based on a relatively 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 points (coincides with LUCAS core points) that have been classified as non-agriculture in the 
relevant MS. E.g. if 30% of LUCAS points with a landscape feature in the central point has been 
classified as non-agriculture for a region c, the indicator will then be:  

 Ὅςρ
ὃ 

ὃ πȢσὃ 
 (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. 

 

 

We aim also to produce estimates for different agricultural land types. However, LF (especially linear 
ones, like hedges or ditches) can separate agricultural fields of different types (e.g. an arable field from 
a grassland parcel) so linking LF to agricultural types is not straightforward even from a conceptual 
perspective. The LUCAS LF data do not show which agricultural land type is closest to the sub-point 
where a landscape feature was observed. However, a practical estimate can be made using the 
agricultural land type of the LUCAS Core point (i.e. the quadrat central point) for all landscape feature 
observations in that quadrat. This however creates a second issue where there is some agriculture in 
the quadrat, but the centre of the LF-quadrat is not under agricultural use (i.e. not associated with any 
agricultural land type). This means that we cannot associate a considerable fraction of the observations 
of landscape features to an agricultural type, and we will underestimate the landscape feature area in 
the different agricultural land types. To correct for this, we applied a method similar to the one used 
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for the correction of the agricultural area, described at the end of section 3.2. For each agricultural 
land type, we estimated 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 according to their 
shares. 

 

NUTS2 regions were used as one of the stratifying variables, meaning that all the methods in this 
section can be applied to NUTS2 regions without any modification. The only difference between MS-
estimates and NUTS2-estimates is that we do not have to sum up over NUTS2 regions. The caveat is 
that the number of LF points is in general lower, and with a larger variability. Whereas many regions 
have enough points, and with estimation variance lower than some of the smaller countries, there are 
also some very small regions where the number of survey points does not allow for a precise estimation 
of the LF share. This will be shown more in detail in the results section 4.4. 

There are also some use cases where estimating the LF-share for other types of areas is of particular 
interest. This could be, for example, to analyse the LF-share in different biogeographical regions, or 
according to different agricultural intensity classes. We will here outline how it is possible to estimate 
the LF-share for such areas, and some caveats of this procedure: 

ð the alternative polygons will typically cover several of the existing strata, but few or none of them 
entirely. We will therefore need to introduce new strata, where the existing strata are further 
subdivided into the different polygons cutting through it; 

ð this will largely increase the number of strata, and the weights will have to be recalculated. The 
new weights are estimated in the same way as in Eq. 1 and with corrections as in Eq. 2;  

ð 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 corrections in Eq. 7 are carried out on a 
national basis. 

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

ð the number of strata increases considerably, giving fewer points in each stratum, and more strata 
without any points in the LF-module. This means that the corrections in Eq. 2 will be of higher 
importance;  

ð Whereas sampling 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 analysis, it is necessary to consider the amount of LF points within each new polygon and the 
attributed uncertainty. 

 

The methodology has been implemented as a package (LF) in the statistical environment R (R Core 
Team, 2024). The main statistical computations have been performed with the package survey 
(Lumley, 2004) through the srvyr package (Freedman and Schneider, 2023). In 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 bars in the plots are based on these standard errors. 

Results are presented in section 4. 
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The results section focuses on the estimates of the share of landscape features9. Some analyses of the 
distribution of strata and weights are given in Annexes 1 and 2. 

 

The estimated values with error bars (one standard error) for the Landscape Feature indicator across 
the EU and its MS are illustrated in Figure 11. 

Key results include: 

ð at the EU level, landscape features cover 5.6% of agricultural land; 

ð for most EU countries, the share ranges from 3.4% to 8.9%. However, Malta, and Cyprus are 
exceptions, having higher values; 

ð countries like Greece, Finland, Ireland, Italy, the Netherlands, Portugal, and Sweden exhibit high 
values, within the 7 - 9% range; 

ð on ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ƭƻǿŜǎǘ ǾŀƭǳŜǎ όҖр҈ύ ŀǊŜ ƻōǎŜǊǾŜŘ ƛƴ !ǳǎǘǊƛŀΣ /ȊŜŎƘƛŀΣ IǳƴƎŀǊȅΣ [ƛǘƘǳŀƴƛŀΣ 
Luxembourg, Latvia, Poland, Romania, and Slovakia. 

 

 

 

 

The values of the Landscape Feature indicator have been also estimated for each specific 

type of lands cape feature, as shown in 

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

Key results include: 

                                           

https://jeodpp.jrc.ec.europa.eu/eu/dashboard/voila/render/REFOCUS/CAP-indicator/i-21.ipynb
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ð 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%; 

ð woody Landscape Features can be found in all Member States. Higher shares in Cyprus, Malta, 
Ireland, Portugal; lower shares in Lithuania, Spain, and Poland; 

ð grassy LF distribution: Higher shares in Cyprus, Malta, Italy, and Sweden. Low share in Romania; 

ð wet features are predominant in Finland and the Netherlands; 

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

 

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 4.51 1.52 0.19 0.00 

CY 21.1 11.9 8.99 0.11 0.11 

CZ 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 4.51 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 

 

The amount of LF for different agricultural land types are shown in Figure 13 and in  

 

Table . Three agricultural land types were examined, namely Arable land, Permanent grass and 

Permanent crops. Similar results can also be shown for the different landscape feature types for each 
of the agricultural land types. The total is shown as a comparison, however, this would be a weighted 
average of the LF values for the individual agricultural land types (with weights depending on the area 
of each landscape type). 

Key results include: 

ð at the EU level, the distribution indicates that the amount of landscape features is higher in 
permanent grassland and permanent cropland, with respectively 6.6% and 6.4%. The amount is 
lower in arable land, with 4.9%;  

ð the percentage of LF in arable land is highest (above 7%) in Cyprus, Greece, Finland, Ireland, Italy, 
Malta and Portugal; 

ð the percentage of LF in permanent grassland is highest (above 8%) in Bulgaria, Finland, France, 
Croatia, Italy and Sweden; 

ð the percentage of LF in permanent cropland is highest (above 8%) in Cyprus, Finland, France, 
Greece, Croatia, Latvia, Malta and Portugal. It should be mentioned that the percentage of 
permanent cropland is very low in Finland and Latvia though (less than 1% of agricultural land) and 
low in France (3% of agricultural land; 

ð the percentage of LF in arable land is lowest (less than 4%) in Austria, Czechia, Hungary, Lithuania, 
Luxembourg, Latvia, Poland, Romania and Slovakia; 

ð the percentage of LF in permanent grassland is lowest (less than 5%) in Austria, Greece, Spain, 
Lithuania, Luxembourg, Poland and Romania; 

ð the percentage of LF in permanent cropland is lowest (less than 5%) in Czechia, Denmark, Estonia, 
Hungary, Netherlands, Poland, Romania and Slovenia; 

ð the percentage of LF in arable land is higher than in the other agricultural land types for Greece, 
Spain and Malta. 
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MS Share of agricultural land covered with LF (%) by 
agricultural land type10 

 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 4.90 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 

FI 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 3.30 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 28.30 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 

SI 5.93 5.20 6.50 3.55 

SK 4.03 3.09 5.87 5.12 

10  

 

As described in section 3.4, the share of landscape features can also be estimated for the subnational 
level (NUTS2). The number of regions is too large for a bar-plot, therefore we present instead the 
results as a map of binned values in Figure 14. This shows the intra-country heterogeneity. However, 
in some cases (the smallest regions) the number of quadrats is too low for reliable estimates, as well 
for regions with a small percentage of agriculture (and therefore a lower sampling rate). These can be 
excluded based on the coefficient of variation (CV), giving the relative uncertainty of the estimate. For 
8 regions out of 227, the CV is above 0.4 and thus the estimation is not reliable. This issue particularly 
concerns NUTS2 regions which are mainly around cities (AT13 - Vienna, CZ01 ς Prague, DE30 - Berlin, 
DE50 - Bremen, DE60 ς Hamburg, HU11 ς Budapest), but also two hilly Italian regions (ITC2 ς Valle 
ŘΩ!ƻǎǘŀ ŀƴŘ L¢/о ς Liguria). See Figure 15 for the distribution of the coefficient of variation.  
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Further analyses have been done based on the LF-values resulting from the photo-interpretation 
(Step1) from those resulting from the field survey (Step2) (see section 2.5). Comparing these 
observations can provide two types of information: a) the analysis of the discrepancy between the two 
steps of the survey can feed a quality control procedure, and b) an assessment of the likely bias in using 
only the photo-interpretation (i.e. not the field survey) to calculate the 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 without inflating too much the cost of the 
survey (the field survey component being more costly than the photo-interpretation). 

Figure 16 shows the first analyses the relationship between Photo-interpreted LF and Field surveyed 
[CΣ ŜȄŎƭǳŘƛƴƎ Ǉƻƛƴǘǎ ǘƘŀǘ ƘŀǾŜ άbƻ [Cέ ōƻǘƘ ƛƴ ǘƘŜ ǇƘƻǘƻ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ŦƛŜƭŘ ǎǳǊǾŜȅΦ ¢ƘŜǊŜ ŀǊŜ ом҈ 
of points that change value between the two phases after the field survey. Most of them change from 
άbƻ [Cέ ǘƻ [CΣ ƻǊ ŦǊƻƳ [C ǘƻ άbƻ [CέΣ ƛƴ ōƻǘƘ ŎŀǎŜǎ ǘƘŜ [C ƛǎ Ƴŀƛƴƭȅ ²ƻƻŘȅ ƻǊ DǊŀǎǎΦ  Whereas the 
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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 shows the differences between some of the different LF values that can be used. The photo-

interpreted values will only make a difference for the 1,249 sub-points that are missing in the field 
survey, of which only 638 sub-points have an LF-value from the photo-interpretation. 

 

 
Field survey 

LF1 

Photo 
interpretation 

LF1 Merged LF 

All LF sub-points surveyed 3,787,662 3,787,662 3,787,662 

Sub-points with LF 201,004 204,998 201,597 

Missing values 1,249 5  

Missing values with LF in PI 638   

Sub-points in the photo 
survey that are different to 
the values of  the field 
survey  69,161 5,542 

 

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

 shows a comparison of the estimated I.21 from field survey and photo interpretation on the 

left, and between field survey LF and merged LF (merged meaning using field survey values when 
available, otherwise using photo interpreted values) used for the final indicator to the right. 

The first of these comparisons shows that there is a high correlation between the field surveyed 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: 

ð land is wrongly classified as agriculture when it is shrubland or natural land; or the opposite, 
classified as semi-natural when it was agricultural;  
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ð some features (particularly stone walls) are not easily visible in ortho-photos; 

ð some errors during photo interpretation 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. The correlation (Pearson) is close to 1 
(0.99993). The very similar results can also be seen in . The figures also include the weighted 

correlation, where the weights are the estimated agricultural area of each country. 

 

 

This preliminary analysis shows that photo-interpretation could be a valid option to either increase the 
sample and/or to complement it in areas with low reachability (e.g. mountain agriculture). 

Similar outcomes occur when the analyses are done on a NUTS2 level, as shown in . There is 

a slightly larger scatter in the comparison between field survey and photo interpretation, as there are 
more regions and typically fewer quadrats in each 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 survey LF1 and the merged LF-values, we see that these are almost identical also 
at NUTS2 level.  
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MS 
Number of 

quadrats 
Photo-

interpretation 
Field 

survey Merged LF 

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 

FI 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 



39  

 

MS 
Number of 

quadrats 
Photo-

interpretation 
Field 

survey Merged LF 

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 

SI 343 6.53 5.93 5.93 

SK 1088 4.44 4.04 4.05 

EU 92,382 5.72 5.64 5.66 

 

 

 

The LUCAS LF Module 2022: (see section 2.4) aims to a consistent, homogeneous, and statistically 
representative quantification of landscape features within agricultural land. This module employs a 
two-step approach involving office-based photo-interpretation (of very-high resolution aerial ortho-
ǇƘƻǘƻǎ ƻŦ ҒнлŎƳ ǊŜǎƻƭǳǘƛƻƴύ ŀƴŘ ŦƛŜƭŘ-survey verification. This module employs a point survey nested 
ƛƴǘƻ ǘƘŜ Ƴŀƛƴ [¦/!{ ǎǳǊǾŜȅΣ ǘŀǊƎŜǘƛƴƎ ŀōƻǳǘ фоΣллл ǎŀƳǇƭƛƴƎ ǳƴƛǘǎ όҒ оΦуa ǎǳō-points) within 
predominantly agricultural landscapes. 

The LUCAS Transect Module (Czúcz et al., 2022a) employed field surveys to capture a broader range 
of linear landscape features including woody, grassy, stony, and wet typologies during the campaigns 
of 2009, 2012, and 2015. Surveyors walked a transect of 250m from the main LUCAS sampling point, 
recording land cover types crossed during this walk. This module recognized linear features wider than 
1m but not exceeding 3m width, and at least 20m long (only linear features were recorded, patchy 
features were not). However, this module was discontinued after 2015. 

The Copernicus HRL Small Woody Features (SWF) Product 2018 (Kleeschulte et al., 2023) focuses 
solely on woody features across Europe, utilizing remote sensing technology with a theoretical 
ŀŎŎǳǊŀŎȅ ƻŦ җул҈Φ Lǘ ŎŀǇǘǳǊŜǎ woody linear structures such as hedgerows, 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 a three-year update cycle 
covering the years 2015 and 2018 with a spatial resolution of 5m/100m. 

The tree cover outside forest is a product by Liu et al. 2023 that unlike the previous product is based 
on PlanetScope nanosatellite imagery for the year 2019 at 3-m resolution and canopy height data from 
airborne LiDAR across Europe. The separation of forest and non-forest tree cover is based on the 
definition of FAO and it considers tree cover when at least a tree height of three meters is reached. 
The strength of this product is that with a deep learning method and using high resolution imagery 
their model learns more from the visible tree crown structure than from Sentinel-2 (10-m) or Landsat 
(30-m) images. The product has an overall accuracy of 0.96 percent and a bias of ς8.2 to ς0.8 percent. 
While the trees are segmented more precisely in boreal and temperate zones, the product 
underestimates in Mediterranean zone.  

The European Monitoring of Biodiversity in Agricultural Landscapes (EMBAL) collected information 
on the biodiversity in agricultural landscapes of EU Member States during the 2022 and 2023 survey 
periods. This monitoring survey examined 3,000 plots selected and centered on the 2 x 2 km LUCAS 
grid. Each plot was a 500m square, covering 25 hectares, and selected based on having at least 10% 
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open land according to CORINE land cover classifications. The plot was surveyed during optimal 
vegetation conditions. 

A key focus of EMBAL is assessing Landscape Elements (LE), defined and categorized into six main 
types: woody 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 ensure they accurately 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 providing qualitative 
data. 

 provides a comparison of the five products/methods to assess Landscape features in the EU.  

 

Description LUCAS LF 

Module 2022 

 

LUCAS Transect 

Module 2015 

Copernicus HRL 

SWF 2018 

Trees outside 

forest (Liu et al., 

2023) 

EMBAL 2022 
 
 
 

Woody, Grassy, 

Stony, Wet 

Woody, Grassy, 

Stony, Wet 

Woody Woody 

 

Woody, grassy, 
water, stony 

2022 2009, 2012, 

2015 

2015, 2018  2019 2022, 2023 

Linear and 

Patchy 

Linear Linear and 

Patchy 

Linear and 

Patchy 

Linear and 
Patchy  

Җ 0.5 Ha җ 20m length 

[ŜƴƎǘƘ җ олƳϝΣ 

²ƛŘǘƘ Җ олƳΣ 

нллƳч Җ ŀǊŜŀ Җ 

5000m² 

Height > 3m, 

If trees > 5m 

then  area < 

500m² 

1m Җ width < 5m 
except for stony 
elements: No 
minimum limit on 
length 

Photo-

interpretation, 

Field Survey and 

statistics 

Field Survey and 

statistics 

Remote Sensing Remote Sensing 

 

Photo-
interpretation, 
Field Survey and 
statistics  

Detailed 

combination of 

photo-

interpretation 

and field 

observations, 

Quickly available 

Detailed Field 

Observations 

Pan-European, 

Full coverage  

Pan-European 

 

Detailed Field 
Observations 
and photo 
interpretation 
including 
delineations of 
the landscape 
elements 
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Description LUCAS LF 

Module 2022 

 

LUCAS Transect 

Module 2015 

Copernicus HRL 

SWF 2018 

Trees outside 

forest (Liu et al., 

2023) 

EMBAL 2022 
 
 
 

New and thus 

needs to be 

assessed 

Discontinued  Only covers 

woody features, 

long processing 

(2018 version 

delivered in 

2022) 

Only covers 

woody features 

Only 3,000 plots 
of 500x500m 
survey in each 
year 
Not statistically 
representative  

*  The value has been revised from 50m in the 2018 SWF product.  Th is criteria (*) w as removed for the Woody 
Vegetation Map  (WVM) as described in the Product User Manual 10 . 

In conclusion, while the Copernicus product provides a more regular update (i.e. 3-year cycle for 
CLMS), and covers a wall-to-wall coverage, its focus is limited to woody features. On the other hand, 
LUCAS modules provide a more detailed typology coverage (and close linkage to the agricultural land 
context for the 2022 LF module) but are limited in their temporal extent with the LUCAS Transect 
module being discontinued and the LUCAS LF module being newly introduced. Similarly, the EMBAL 
2022 extends this trend by offering qualitative detailed field observations and photo interpretation, 
including delineations of landscape elements, this pilot surveys 3,000 plots each year, limiting its 
spatial coverage and its statistical representativeness (the scope was to show the potential of such 
survey, then to involve MS to enlarge the sample). 

 

 

 shows a comparison between the estimates based on LUCAS Transect module from 2015 

and the new estimates from the 2022 LUCAS landscape feature module. The results are presented for 
total share of landscape features (all types). We have also 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 estimate is 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, most likely as a result of the caveats. 

 

                                           

https://land.copernicus.eu/en/technical-library/high-resolution-layer-small-woody-features-2018-product-user-manual/@@download/file
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Caveats when comparing LUCAS 2022 LF module to LUCAS 2015 Transect data: 

ð the LUCAS transect module was last carried out in 2015. Due to its initial design, the LUCAS 
Transect data provide estimation of linear LF only (patchy LF not recorded) and amongst the linear 
features crossed, only those longer than 20m were considered. The LUCAS Transect survey were 
foreseen to provide the length of linear landscape elements, not their area (e.g. trees in groups, 
patches of treŜǎ ǿŜǊŜ ƴƻǘ ǇŀǊǘ ƻŦ ǘƘŜ ǎǳǊǾŜȅΣ ƴƻǊ ǿŜǘƭŀƴŘ ƻǊ ǇƻƴŘǎΧύΦ ¢ƻ ōŜ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ 
Transect survey, linear features had to be wider than 1m but not exceeding 3m (and at least 20m 
long). In comparison LF in the LUCAS 2022 LF module have a width between 1 and 20m and no 
limit in length; 

ð to contribute to the impact assessment of the CAP legal proposal (made in 2018), it was necessary 
to turn the length of linear landscape features surveyed in the LUCAS Transects into area. 
Conversion factors (mentioned in annex II of the Commission Delegated Regulation 639/2014 as 
amended by the Commission Delegated Regulation 1155/2017) have been used for this scope; 

ð LUCAS transect observations do not mention if a linear element is part of Agricultural Land (AL) or 
not; however, the adjacent land cover is registered and therefore it is theoretically possible to 
select only those linear features which are in agricultural land or adjacent to it. For some land cover 
such as grassland or fallow, not having the land-use information (not recorded 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: άwƛǾŜǊǎ ŀƴŘ ǎǘǊŜŀƳǎϦ ǿŜǊŜ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ 2015 assessment as they are normally not 
directly managed by farmers). 

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

ð the two surveys were carried out 7 years apart (2022 vs 2015); 
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ð the LUCAS Transect and the 2022 LF modules target objects with different geometry. The Transect 
module registered only linear Landscape Features above 20m long, no patchy LF such as group of 
trees; 

ð the area of the LUCAS Transect linear LF was calculated using standards conversion factors (taken 
from the regulation), not necessarily reflecting their real area on the ground; 

ð the determination whether a LUCAS Transect linear LF was in agricultural land (or adjacent to) was 
based on assumptions which always have potential bias (based on information on land cover only). 

 

 

 shows a comparison between the Copernicus Small Woody Features 2018 and the LUCAS LF 

2022 estimates for the woody type. The Woody Vegetation Mask (WVM) has been selected for the 
comparison as it is used for the computation of the Woody landscape features indicator. There is some 
correlation between the two, with the exception of Cyprus and Malta, which have considerably higher 
values in the LF module. However, the Copernicus SWF estimate gives consistently higher values. 

 

 

 

 

As shown in  the comparison of the two data shows a mild correlation, with Malta standing 

out. The data in Liu et al., 2023 did not have Cyprus covered. Also indicated by the previous 
comparison, the products based on remote sensing overlook the tree cover of Mediterranean regions 
like Malta and Cyprus due to their structural differences in their woody habitats. These regions are 
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characterized by very low and highly patchy tree cover density. Identifying these woody covers is quite 
challenging when thresholds and specific definitions are made to capture woody information from 
satellite images based on mid-latitude European countries references. In addition, in the Liu product 
trees are defined as having a height of minimum 3 meters and all grid cells with more than 10% tree 
cover of at least 5-meter height are considered as forest and are masked out. 

 

 

 

 

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 
EMBAL Landscape Elements (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 future integration 
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 parameters. EMBAL LE 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 hectares 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 requiring that woody 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 category in EMBAL LE, which does not recognize them as landscape 
elements ( ). 

 

 

 

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 rivers or ditches if it is narrower than 5 meters. 
However, LUCAS LF does not count farm tracks with grass and considers any tree smaller than 1m² 
within these areas as part of the grassy elements. In contrast, EMBAL LE counts these grass strips along 
roads and tracks as part of the landscape elements and applies additional specific criteria for grass 
margins next to meadows. 

Water elements 

Both surveys assess water-related elements like ditches, streams, and ponds within a consistent width 
of 1m to 20m. However, their approaches differ significantly in handling these features. LUCAS LF 
avoids including artificial structures with walls of concrete for ditches and excludes reservoirs lined 
with concrete or plastic and depressions used as landfills. However, EMBAL LE is more inclusive, 
accepting artificial constructions and any type of pond, encompassing a wider range of aquatic 
environments up to 1 hectare. Additionally, EMBAL LE considers the vegetation extending up to 5 
meters around these water bodies, while LUCAS LF only considers vegetation if it is marsh or wetland 
vegetation ( ). 
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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. LUCAS LF defines these elements within a 1.5-meter 
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 meters 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 additional size limitations. 

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 covered by grassy or woody 
elements, are coded in a secondary level. In contrast, EMBAL LE focuses on utilitarian aspects, including 
roads and tracks used for agricultural purposes and other man-made structures like towers and barns. 

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

 

 

The estimates of the 2022 share of LF in agricultural area are based on an estimate of the agricultural 
area. This parameter has 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 comparison with the Utilised 
Agricultural Area (UAA) from 2020 from Eurostat (2024).  shows the comparison between the 

agricultural area estimated from LUCAS core, and the UAA from Eurostat. There is a high agreement 
between the two estimates, with Greece as an outlier (considerably larger agricultural area estimated 
for LUCAS than given by Eurostat). The small deviations are most likely due to differences between 
official statistics and the actual land assessed, partly due to differences in the definitions used, as the 
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agricultural area in LUCAS was based on the instructions given to the LUCAS surveyors.   shows 

the estimated area of landscape features and the utilized agricultural area from the transect survey of 
2015 (Czúcz et al., 2022), the estimated area of woody landscape features and the estimated 
Agricultural Area from the Copernicus small woody features (Kleeschulte, 2023), and the similar 
estimates from the LF module. 

 

 

 

MS 
Transect LF 

2015 
Transect 
UAA11 SWF 2018 

SWF 2018 
AgrArea12 

LUCAS LF 
2022 

LUCAS LF 
Woody 2022 

LUCAS 
AgrArea 2022 

Eurostat 
UAA 2020  

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 

                                           
Czúcz et al. 2022a

12  Kleeschulte et al. 2023 
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MS 
Transect LF 

2015 
Transect 
UAA11 SWF 2018 

SWF 2018 
AgrArea12 

LUCAS LF 
2022 

LUCAS LF 
Woody 2022 

LUCAS 
AgrArea 2022 

Eurostat 
UAA 2020  

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 45,160 4,204 45,461 3,199 2,426 42,736 44,990 

IT 7,809 129,088 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 

SI 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 note that the numbers for 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 on 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 definitions and cover different timeframes. 
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The LUCAS LF module was part of the LUCAS survey for the first time in 2022 (under current format).  
The module was introduced based on a need for an indicator that could be used to assess policy 
performance regarding landscape features with respect to biodiversity as required by the CAP through 
the PMEF, but also by the EU Biodiversity Strategy for 2030 and the Nature Restauration Law. The 
contribution to the CAP indicator I.21 presented in this report can therefore be seen as a baseline for 
future assessments, both at 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 countries. The large number of samples, the stratified sampling approach and a sound 
methodology lead to a robust estimate. There is a large effort behind such a survey, but it becomes 
feasible when organized as a part of the LUCAS exercise. 

The ensuing indicator has been compared with several other assessments of landscape features, such 
as the LUCAS Transect data, which was a predecessor in LUCAS, or with the woody fraction estimated 
from remote sensing products. Our estimates are in the same range as the compared products, but we 
would, for several reasons, argue that the proposed methodology is better than the alternatives.  

The LUCAS Transect survey had similarities with the LF module, but included more caveats in the 
procedure, including some standard coefficients for converting from line observations to areal 
estimates. Also, it was taking into account only linear elements and not small patches that are also 
important structures in the landscape. In addition, both the way how spatial area was assigned to the 
estimated length of linear elements, and the way how they were linked to agricultural land contained 
a coarse (non-statistical) approximation prone to considerable non-sampling error. 

Remote sensing based products are limited to woody features. But also, for these, the LUCAS LF 
methodology has some advantages, in the sense that the field survey avoids the uncertainties from 
automatic classification of agricultural vs non-agricultural, and identification of the size, shape and 
type of woody features. The comparison between photo-interpretation and field survey estimates 
indicates that it is challenging to correctly classify imagery, whereas this is done through machine 
learning techniques or human interpretation. However, the remote sensing products have the 
advantage of producing wall-to-wall coverage of the landscape features, which can have their usages 
for other purposes.  

Furthermore, the Copernicus Small Woody Features 2018 accuracy assessment is biased by the 
methodology selected. The comparison of accuracy for Small Woody Features (SWF) reveals a 
significant variance when cross-referenced with two datasets, LUCAS and CLMS validation data13 . The 
accuracy of Copernicus Small Woody Features, when measured against LUCAS data (only woody LF), 
shows a Producer's Accuracy (PA) of 66%, which is notably lower than the PA of 87% indicated by the 
CLMS validation data. This discrepancy suggests a considerable difference in Small Woody Features 
detection between the two methods. On the other hand, the User's Accuracy (UA) presents an even 
more substantial divergence; 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 variability in Small Woody Features 
product accuracy, with the method of validation playing a critical role in the reported accuracy figures. 

The collected data set has been used to estimate the indicator as requested by policy requirements 
(CAP and also the EU Biodiversity Strategy for 2030 and the Nature Restauration Law). However, this 
is only the first set of outputs that can be performed on this data. As a part of the analysis, we have 
developed an R package that can be downloaded and perform the base analyses presented in this 
report. This will be further developed, and we will also analyse the data set with respect to other 
indicators for agriculture and biodiversity, thereby increasing the value of the data set. The package 
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will also be made publicly available, helping also other scientists to download LF data from Eurostat 
website (once made publicly available), providing means for other types of analysis. 

The link between landscape features and ecosystem services is a vital aspect of the survey that requires 
further investigation. This will be further analyzed in a future report 

It should be noted that whereas landscape features are of interest to several policies, the definitions 
of landscape features are not the same for all implementations of these policies.  gives an 

overview of the relationships between landscape features in different legislations. The narrowest 
concept, Landscape Features comprises all small fragments of non-productive permanent vegetation 
that is embedded in agricultural land. This includes features that are relevant for the fulfilment of 
specific funding objective 6 (SO6) ƻŦ ǘƘŜ /!t ά/ƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ōƛƻŘƛǾŜǊǎƛǘȅΣ ŜƴƘŀƴŎŜ 
ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀƴŘ ǇǊŜǎŜǊǾŜ Ƙŀōƛǘŀǘǎ ŀƴŘ ƭŀƴŘǎŎŀǇŜǎέ, and thus also for CAP evaluation. Despite 
their importance for SO6, there was no consistent data sources available for core LF, so their 
monitoring through LUCAS LF module is particularly important. 

 

 
* 1 CAP addressing landscape features, either for protection, maintenance or creation: GAEC 7, Eco-schemes, management commitments, non-productive 
investments; 

* 2 additional ǘȅǇŜǎ ǇǊƻǇƻǎŜŘ ŀǎ άƘƛƎƘ ŘƛǾŜǊǎƛǘȅ ƭŀƴŘǎŎŀǇŜ ŦŜŀǘǳǊŜǎέ (HDLF) in the context of the Nature Restoration Regulation (EU) 2024/1991 amending 
Regulation (EU) 2022/869. For more details, see the Guidance framework for developing methodologies to monitor HDLF pursuant to Article 14(7) or the Nature 
Restoration Regulation (EU) 2024/1991. 

 

The data collected on landscape features stands as a crucial baseline for the indicator I.21, offering a 
valuable asset for policy assessment and decision-making within the EU Common Agricultural Policy 
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framework, and other EU policy frameworks, including the Nature Restoration Law, or the EU 
implementation of the UN SEEA EA (System of Economic Environmental Accounting, Ecosystem 
Accounts) framework14, which currently lacks several indicators describing the ecological condition of 
agroecosystems. Going forward, there is a need to incorporate assessments of the quality of these 
features, as well as their connectivity within the landscape. Such information will 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 time, adapting 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 represents a promising frontier for methodological advancement. The application of these 
technologies highly depends on the availability of reliable and representative ground-truth samples, 
and LUCAS LF outputs can potentially have a key role in this. These technologies have the 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 LF database, offering a 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 features are monitored 
and assessed on a European scale in the future, though this would require further research and 
development. 

Many lessons were learned during this first implementation of the landscape feature module. We will 
in a follow-up report make suggestions for how the next phase can be improved. Many of these 
suggestions are related to the relationship between costs and difficulties of assessing LF, and the 
ecological relevance of LF.  
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AGRI European Commission department for Agriculture and Rural Development. 
(https://commission.europa.eu/about-european-commission/departments-and-
executive-agencies/agriculture-and-rural-development_en) 

AL Agricultural Land 

CAP Common Agricultural Policy 

CLC CORINE Land Cover. The CORINE (Coordination of Information on the 
Environment) program in an effort to develop a standardized methodology for 
producing continent-scale land cover, biotope, and air quality maps. The first 
CORINE land cover (CLC) data set was produced in 1990. The product is updated 
with new status and change layers every six yearsτwith the most recent update 
made in 2018. The data set is a component of the Copernicus Land Monitoring 
Service (https://land.copernicus.eu/en/products/corine-land-cover) 

CLMS The Copernicus Land Monitoring Service - CLMS - provides geographical 
information on land cover and its changes, land use, ground motion, vegetation 
state, water cycle and earth surface energy variables for both Europe and the 
entire globe (https://land.copernicus.eu/en) 

Copernicus /ƻǇŜǊƴƛŎǳǎ ƛǎ ǘƘŜ 9ŀǊǘƘ ƻōǎŜǊǾŀǘƛƻƴ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ {ǇŀŎŜ 
programme, looking at our planet and its environment. It offers information 
services that draw from satellite Earth Observation and in-situ (non-space) data 
(https://www.copernicus.eu/en/about-copernicus) 

CV Coefficient of Variation 

DEFIS Commission department for EU policy on defence industry and space 
(https://commission.europa.eu/about-european-commission/departments-and-
executive-agencies/defence-industry-and-space_en) 

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

EMBAL European Monitoring of Biodiversity in Agricultural Landscapes 
(https://wikis.ec.europa.eu/pages/viewpage.action?pageId=25560696) 

ENV European Commission department for EU policy on the environment 
(https://commission.europa.eu/about-european-commission/departments-and-
executive-agencies/environment_en)  

EU European Union 

Eurostat Statistical office of the European Union 
(https://ec.europa.eu/eurostat/web/main/home) 

https://commission.europa.eu/about-european-commission/departments-and-executive-agencies/environment_en
https://commission.europa.eu/about-european-commission/departments-and-executive-agencies/environment_en
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FS Field Survey. The in-situ observation and data collection process carried out by 
surveyors on the ground as part of the LUCAS survey to verify and complement 
data obtained through photo-interpretation. 

GAEC Good Agricultural and Environmental Conditions. GAEC refers to a set of standards 
and requirements that farmers must meet to receive support under the Common 
Agricultural Policy (CAP). The GAEC to be met under the current CAP are listed in 
Regulation (EU) 2021/2115 Annex III 

GIS Geographic Information System 

GSA GeoSpatial Aid Application is part of the spatial reference for aid applications IACS 
under the Common Agricultural Policy (CAP). It is the geometry of the parcel along 
with the crop type. 

In Situ Refers to observations or measurements made directly at the location of interest, 
as opposed to remote sensing or laboratory analysis. In LUCAS, it denotes data 
collected on-site during field surveys. 

JRC The Joint Research Centre (JRC) is the Commission's science and knowledge 
service (https://commission.europa.eu/about-european-
commission/departments-and-executive-agencies/joint-research-centre_en)  

LAEA Lambert azimuthal equal-area projection 

LE Landscape Element 

LF Landscape Feature 

LF1 First Landscape Feature observed at the subpoint 

LF2 Second Landscape Feature observed at the subpoint (if it contains two, e.g. single 
tree with a stone wall below) 

LPIS Land Parcel Identification System is part of the a spatial reference for aid 
applications IACS under the Common Agricultural Policy (CAP). This is the 
geometry of the parcel along its key land use (i.e. permanent crop, grassland, 
arable land). 

LU / LC Land Use / Land Cover 

LUCAS Land Use/Cover Area frame Survey 

LUCAS Core The fundamental component of the LUCAS survey that collects baseline land use 
and cover data at selected points across the EU, based on both field observations 
and photo-interpretation. 

Master Grid 
(LUCAS) 

The comprehensive, 2-km systematic grid covering the entire EU territory, serving 
as the basis for selecting sampling points for the LUCAS (Land Use/Cover Area 
frame Survey). For EU-27, it represents more than 1 Million points 

https://commission.europa.eu/about-european-commission/departments-and-executive-agencies/joint-research-centre_en
https://commission.europa.eu/about-european-commission/departments-and-executive-agencies/joint-research-centre_en
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LUCAS 
Module 

Additional, focused surveys conducted as part of the LUCAS program, targeting 
specific themes or variables, such as landscape features or soil properties, beyond 
the core survey's scope. 

MS Member States 

NUTS Nomenclature des Unités Territoriales Statistiques 

PI Photo-Interpretation. The process of classifying land cover and landscape features 
based on the analysis of aerial photographs or satellite imagery, used in the LUCAS 
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, including 
LUCAS LF module, to collect data within a specific area. It helps in studying the 
distribution of features or organisms systematically. 

Random 
Stratified 
Sampling 

A sampling method that involves dividing the population into homogeneous 
subgroups (strata) and then randomly selecting samples from each stratum. This 
method combines the advantages of both random sampling and stratification. 

Sampling 
Rate 

The proportion or frequency at which a sample is selected from a population or 
stratum. It determines the number of observations to be collected for the study. 

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

Sub-point In the LUCAS Landscape Features module, sub-points are systematically 
distributed points within a 100m x 100m quadrat at each sampling unit, surveyed 
for the presence of landscape features. 

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

SWF Small Woody Features (Copernicus product, accessible at 
https://land.copernicus.eu/en/products/high-resolution-layer-small-woody-
features) 

Systematic 
Grid 

A sampling design where points are selected at regular intervals across a grid 
covering the study area. It ensures uniform coverage and is used 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 

  



57  

 



58  

 



59  

 

ᶰ ᶰ

 

  



60  

 

The total number of strata is more than 22,000. More than 6,000 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 discrepancies between the real ratio and the expected ratio, as 
shown in . The colours in this figure show the number of strata for different combinations.  

As an example, the stratum "SE7*1*32*3" in Sweden has 991 points in the 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 most likely low, as only one of the points (photo-interpreted) was defined to have an agricultural 
land use (grassland).  

This does, to some degree, show the risk of using weights based on the ratios from each individual 
stratum. There are some cases where very high 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.  

 

 

 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). This again shows 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 soil 
samples, or the exclusion of unreachable areas from the field survey, which then again means that 
they are excluded from the LF module. 
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In addition to the lack of observations, as shown above, the different number of quadrats in some 
strata can lead to biases in the actual estimates. One particular case of this is when the separation 
between photo-interpreted and field surveyed points in LUCAS core is not random, and leads to a 
biased sample. This will have an impact on the final result as the methods are based on an assumption 
that the surveyed points are also representative for the locations that are not surveyed. 

One particular example of biased sampling ƛǎ ǘƘŜ Ƴƻǳƴǘŀƛƴƻǳǎ ±ŀƭƭŜ ŘΩ!ƻǎǘŀ ǊŜƎƛƻƴ ƛƴ LǘŀƭȅΦ  Here the 
problem is that the distribution between agricultural land and non-agriculture is completely different 
between the points allocated to the two survey modes. There are 276 LF eligible points in the LUCAS 
Core data for this region, 54 of these in the field survey and 222 in the photo interpretation survey. 41 
of the 54 points in the field survey were classified as agricultural. 44 of the points were selected for 
the LF module, and 35 of these were classified as agricultural. On the other hand, only 21 out of 222 
LF eligible LUCAS points in the photo interpretation survey were actually agricultural, indicating that a 
large number of the eligible locations were not agricultural. This means that 76% of field survey points 
were agricultural, whereas only 9% of the photo-interpreted points were. This contradicts the 
assumption that the distribution of agriculture and LF among is similar in the non-sampled locations 
as it is in the sampled locations. The result is that all the LF eligible points in the photo interpretation 
survey are used to estimate the total LF area for the region, whereas only few of these points 
contribute to the agricultural area in the denominator.  This leads to an estimated LF share of 33.5%, 
whereas the actual share of LF in the quadrats of the LF module is only 9.75%. It is quite common that 
the final value is slightly larger than the share of LF in the surveyed quadrats, but not to this extend. 

A similar problem, but even somewhat harder to assess, can be seen in the mountainous Tirol region 
in Austria. Also in this case, there is a difference in the distribution of agricultural land between the 
field survey and the photo-interpreted points. 217 out of 254 LF eligible points in the field survey were 
agricultural, compared with 114 out of 266 photo-interpreted points, a reduction 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 the points in the LF module. However, here we also 
expect that the share of LF is different in the two surveys. The share of LF in the valleys, which includes 
most of the field surveyed points, is very low, whereas there are most likely more LF in the alpine 
pasture, which is the majority among the photo-interpreted points. This bias in the share of LF between 
surveyed and photo-interpreted points cannot be assessed, but the final value of 3.88% is most likely 
too low.  
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During the survey planning, the weights of the landscape feature module was intended to be different 
from the ones actually used in this report. Instead of using the weights estimated individually for each 
strata, as described in section 3.1, it was assumed that it was better to use average values for the 
landscape feature subsampling weights and eligibility ratio in Eq. (1). The eligibility ratio was indented 
to be the same for all strata in the entire data set (fixed at 0.56787, see section 2.4). 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 for the estimates. 
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 stratum (ύ  ) for the landscape feature module is then 

 ύ  

ύ ύz  

Ὡ

ύ ύz  

Ὡ
 

where ύ   is the country averaged LF subsampling weight and e is the eligibility rate for the entire 
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 rules were used, such as: 

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

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

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

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

 

Test of weights 

Before choosing the weights described in section 3.1, it was necessary to test them against each other. 
There are different ways for testing 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 individual weights from in Eq. (1). 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 area using 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 variability 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 
observations. We can therefore use the observations of land cover and land use observed in the 
quadrats 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 agricultural area 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 NUTS2 region, using the different weights (from the Original weights ς 

Equation (10): ὃ ; from the Individual weights - Eq. (1): ὃ ), and LUCAS core (ὃ ). The agricultural 
areas were computed according to Eq. (6), where ύ is replaced with ύ   and ύ  . We can then 

compare ȿὃ ὃ ȿ and ȿὃ ὃ ȿ. The one that is generally smaller is better. As an overall 
indicator of the consistency we use for the original weights: 

 Ὁ
ȿὃ ὃ ȿ

ὃ ὃ 
  

and similarly Ὁ for the ratios  by replacing ὃ  with ὃ  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 is 496,297. The sum 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 we will show 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 phase. The difference in expected variability is within an acceptable level. 

 shows the comparison between the agricultural area based on the data from LUCAS core 

όάǘǊǳǘƘέύ ŀƴŘ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ [C ƳƻŘǳƭŜΣ based on the original weights and the individual weights 
for each stratum. We note that 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 that the use of 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. On the other hand, the correlation 
increases from 0.94 to 0.99. We can define two relative error indicators (EA) of the ability of each set 
of weights to give a good areal estimate.  

 

 Ὁ В
ȿ   ȿ

  
     &       Ὁ В

ȿ   ȿ

  
 (10 )  

and 

 Ὁ  
Вȿ   ȿ

В   
     &       Ὁ  

Вȿ   ȿ

В   
 (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 data set, Individual weights, Original 
weights and region. The first indicator sums up the relative differences for each NUTS2-region, 
whereas the second indicator sums all the differences for the NUTS2-regions, before dividing on the 
two estimates. The first estimator 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 
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emphasis on the absolute magnitude of the differences, give a better fit for regions with large 
agricultural areas.  

 shows the two indicators for the two different weighting schemes, in addition to the relative 

biases ὄ Вὃ Вὃ ȾВὃ . It is clear from this table that the individual weights lead to 
considerably lower prediction errors for the agricultural areas. We have therefore used these weights 
in this report. 

 

 Ὁ  Ὁ  

Original weights  0.130  0.125  0.126  

Individual weights  0.057  0.034  0.023  
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The following description is an extract from the Annex to Chapter  8.17 of the LUCAS C1 

document ,  version 0.7  (Eurostat (2022a)  

¢ƻ ƛŘŜƴǘƛŦȅ ƭŀƴŘǎŎŀǇŜ ŦŜŀǘǳǊŜǎ ό[Cύ άembedded in or adjacent to agricultural landέ ǿŜ ǊŜŎƻƳƳŜƴŘ ǘƘŀǘ 
both the photo-interpreters and the field surveyors follow a standardized decision process. The 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 results.  

In particular, we provide an objective framework for deciding about  

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

ð ŀŘƧŀŎŜƴŎȅ όƛΦŜΦ Ƙƻǿ ǘƻ ŘŜŎƛŘŜ ƛŦ ŀƴ άƻōƧŜŎǘέ ƛǎ ŀŘƧŀŎŜƴǘ ǘƻ κ ŜƳōŜŘŘŜŘ ƛƴ ŀƎǊƛŎǳƭǘǳǊŀƭ land). 

¢ƘŜǎŜ ƛƴǎǘǊǳŎǘƛƻƴǎ ŀƭǎƻ ǇǊƻǾƛŘŜ ŀ ǇǊŀŎǘƛŎŀƭ ǿƻǊƪŦƭƻǿ ŦǊƻƳ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ άƻōƧŜŎǘǎέ ǘƘŀǘ ƴŜŜŘ 
to be looked at to a general decision stating that the object in question  

ð is a possible LF, or  

ð is definitely not LF. 

As a general principle, foǊ ŀƭƭ ƻōƧŜŎǘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀǎ άǇƻǎǎƛōƭŜ [CέΣ ǘƘŜ ŀǎǎƛƎƴƳŜƴǘ ƻŦ ǘƘŜ 
LF codes should be done sub-point by sub-point, based the local land cover, if they also meet the 
definition of the specific LF types.  

 

Step 1: The identification of agricultural land 

The first step of the process is a distinction of two main components in the surroundings of the LUCAS 
LF quadrat (see ). These two components are 

ð the productive agricultural land (AL), and 

ð everytƘƛƴƎ ŜƭǎŜ όҐǘƘŜ άƎŀǇέύΦ 

In the context of the LUCAS LF module, productive agricultural land (AL) is interpreted as the ensemble 
of all agricultural parcels (U111, U112), including arable crops, permanent crops, productive grasslands 
(pastures, hay meadows), and greenhouses, as well as those temporarily non-productive parcels 
(fallows, U112) which have otherwise been regularly cultivated as arable fields. 

¢ƘŜ ǎŜŎƻƴŘ Ƴŀƛƴ ŎƻƳǇƻƴŜƴǘ όǘƘŜ άƎŀǇέύ ƛƴŎƭǳŘŜǎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ ǘƘŀǘ ƛǎ ƴƻǘ ![ όŀǎ ŘŜŦƛƴŜŘ ŀōƻǾŜύΦ 
This also includes residential, leisure, and kitchen gardens (U113), which thus do not belong to AL in 
the context of this module. Similarly, small non-productive areas surrounding the productive fields 
(e.g. grass margins) do not belong to AL, either. Buildings (e.g. for agricultural machinery or animals) 
or other artificial objects (e.g. water containers) should not be considered as parts of the AL, either 
(with the exception of greenhouses, see above). 

The surveyors will need to have a clear understanding of what is considered as agricultural land and 
what is not. The identification of AL needs to happen in the whole quadrat as well as the areas 
ǎǳǊǊƻǳƴŘƛƴƎ ƛǘΦ ¢ƘŜ ŀǊŜŀ ƛƴǎǇŜŎǘŜŘ ƴŜŜŘǎ ǘƻ ōŜ ƭŀǊƎŜ ŜƴƻǳƎƘ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ άǎƘŀǇŜ ŀƴŀƭȅǎƛǎέ όǎŜŜ ƭŀǘŜǊ 
in Steps 2, 3 and Box 1) for all gaps with at least one sub-point 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 directly proceed to Step 4.  
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Step 2: The identiŦƛŎŀǘƛƻƴ ƻŦ άǎƳŀƭƭ ƛǎƭŀƴŘ ŦŜŀǘǳǊŜǎέ 

The purpose of this step is to analyse the shape of the gap, and to identify those smaller parts of it 
ǘƘŀǘ ŀǊŜ ŜƳōŜŘŘŜŘ ƛƴǘƻ ǘƘŜ ![ ƭƛƪŜ άǎƳŀƭƭ ƛǎƭŀƴŘǎέ ƻǊ ǎƳŀƭƭ άƭŀƴŘ ōǊƛŘƎŜǎέ (see ). For example, 

a road passing through AL with a combination of hedges, grass margins, ditches, line of trees, etc. on 
either or both sides Ŏŀƴ ōŜ ǎǳŎƘ ŀ άǎƳŀƭƭ ƛǎƭŀƴŘ ŦŜŀǘǳǊŜέΣ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ ǘƻǘŀƭ ǿƛŘǘƘ ƻŦ ŀƭƭ ƻōƧŜŎǘǎ όŦǊƻƳ 
AL to AL) is below 20 m. Similarly, a small patch of trees next to an abandoned farm with regenerating 
grassland and ruins of buildings is also a small island, if the whole (non-AL) area is below 0.5 ha. Such 
small gap fragments often occur in intensively used agricultural landscapes, where they can be the only 
habitat available for biodiversity. Within a small gap, which is altogether below the max size limit 
prescribed for LF, any point can be considered to meet the geometric and adjacency criteria required 
for LF. This makes it possible to apply a simplified procedure for the identification of LF in such small 
gaps.  

!ŎŎƻǊŘƛƴƎƭȅΣ {ǘŜǇ н Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ άǎǳō-ǎǘŜǇǎέΥ 

όнŀύ 5ƻ ǘƘŜ ǎƘŀǇŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǿƘƻƭŜ ƎŀǇǎΥ ŦƻǊ ŜŀŎƘ ŎƻƴǘƛƎǳƻǳǎ άǇƛŜŎŜ ƻŦ ƎŀǇέ ǿƛǘƘ ŀǘ ƭŜŀǎǘ ƻƴe 
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 Box 1) can be considered as possible 
LF (the large patchy subparts of the gap, will be processed further in Step 3.) 

(2c) Assign codes to the sub-points: For each sub-point falling on possible LF, the non-spatial 
criteria (non-productive, permanent, semi-ƴŀǘǳǊŀƭΧύ ǎƘƻǳƭŘ ōŜ όǊŜύǾŜǊƛŦƛŜŘΣ ŀƴŘ ŀƴ LF type (or 
άbƻ [Cέύ ǎƘƻǳƭŘ ōŜ ŀǎǎƛƎƴŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƎǳƛŘŜƭƛƴŜǎ ƭŀƛŘ ƻǳǘ ƛƴ ǘƘŜ /м ŘƻŎǳƳŜƴǘΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΥ  

ω sub-points that fall on artificial structures (except for stone walls) should be considered as 
άbƻ [CέΣ ŜǾŜƴ ƛŦ ǘƘŜȅ ŀǊŜ ǿƛǘƘƛƴ ŀƴ ƻōƧŜŎǘ ƛŘŜƴǘƛŦƛed as possible LF (unless there is an eligible 
woody LF above the artificial structure, see next point). 

ω ŀ άōƛǊŘǎ-ŜȅŜέ ǾƛŜǿ ǎƘƻǳƭŘ ōŜ ŀǇǇƭƛŜŘΣ ǎƻ ŜΦƎΦ ƛŦ ǘƘŜ ŎŀƴƻǇȅ ƻŦ ŀ ƭŜƎƛǘƛƳŀǘŜ ǿƻƻŘȅ [C ŜȄǘŜƴŘǎ 
above an arable field or a road, it should be registered as a W, while if the canopy of the 
woody LF extends above another non-grassy LF (e.g. a ditch) then two LF types should be 
ǊŜƎƛǎǘŜǊŜŘ ό[CмΥ ²Σ [CнΥ 5ύΦ όLƴ ŘƛǎǇǳǘŀōƭŜ άōƻǳƴŘŀǊȅ ŎŀǎŜǎέΣ ǘƘŜ ƻǊǘƘƻ-photo of the ground 
document should be the decisive reference.) 

something else 
όǎŜƳƛƴŀǘǳǊŀƭΣ ǳǊōŀƴΣ ǿŀǘŜǊΧύ

Everything else όǘƘŜ άgapέύ

Agricultural land (AL)
ÅU111:

ÅArable fields
ÅPermanent crops
ÅProductive grasslands

ÅMeadows (hayfields)
ÅPastures

ÅU112: Fallow (temporarily 
out of production)

ÅCƻǊŜǎǘǎΣ ǳǊōŀƴΣ ǿŀǘŜǊΣ ǎŜƳƛƴŀǘǳǊŀƭΧ
ÅU113 kitchen garden!!
ÅAll the small things 

not covered by LUCAS Core!!!
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Step 3: The aƴŀƭȅǎƛǎ ƻŦ άōƻǊŘŜǊƛƴƎ ŦŜŀǘǳǊŜǎέ 

The purpose of this step is standardizing the identification of LFs adjacent to AL, that are not in small 
ƎŀǇǎ όǿƘƛŎƘ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ άŜƳōŜŘŘŜŘ ƛƴ ![έύΦ ¢Ƙƛǎ ƛƴǾƻƭǾŜǎ [Cǎ ǎƛǘǳŀǘŜŘ ǿƘŜǊŜ ![ ōƻǊŘŜǊǎ ŀ 
ƭŀǊƎŜ ŀǊŜŀ ƻŦ άǎƻƳŜǘƘƛƴƎ ŜƭǎŜέ όŜΦƎΦ ŀ ŎƛǘȅΣ ŀ ƭŀǊƎŜ ŦƻǊŜǎǘΣ ŀ ǊƛǾŜǊΣ ƻǊ ŀ ǎŜƳƛ-natural area, including 
abandoned agricultural land). Sub-Ǉƻƛƴǘǎ ŦŀƭƭƛƴƎ ƛƴǘƻ ǘƘŜ άƭŀǊƎŜ ǇŀǘŎƘȅ ǇŀǊǘǎέ ƻŦ ǘƘŜ ƎŀǇ ǘƘŀǘ ŀǊŜ ƭŀǊƎŜǊ 
ǘƘŀƴ лΦр Ƙŀ ǎƘƻǳƭŘ ƴƻǘ ōŜ άŀǳǘƻƳŀǘƛŎŀƭƭȅέ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƳŜŜǘ ǘƘŜ ŀdjacency/geometric criteria for LF, 
even if they are relatively small and/or close to the AL.  

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

(3a) Identify homogeneous areas adjacent to the AL (for this step the normal rules of LUCAS Core 
should be used, for deciding about adjacency: see below).  

(3b) Do the shape analysis of the homogeneous areas: for each homogeneous area with at least 
one sub-point falling on it a shape analysis (Box 1) should be performed (homogeneous areas 
of a complex shape will be broken down into linear and patchy subparts). 

(3c) Identify possible LF: any linear and small patchy subparts can be considered as possible LF, if 
they are (still) adjacent to the AL (see below) (the large patchy subparts of the homogeneous 
areas will fall out here: they should not be considered as possible LF). 

(3d) Assign codes to the sub-points: For each sub-point falling on possible LF, the non-spatial 
criteria (non-productive, permanent, semi-ƴŀǘǳǊŀƭΧύ ǎƘƻǳƭŘ ōŜ όǊŜύǾŜǊƛŦƛŜŘΣ ŀƴd an LF type (or 
άbƻ [Cέύ ǎƘƻǳƭŘ ōŜ ŀǎǎƛƎƴŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƎǳƛŘŜƭƛƴŜǎ ƭŀƛŘ ƻǳǘ ƛƴ ǘƘŜ /м ŘƻŎǳƳŜƴǘ όǎŜŜ ŀƭǎƻ ǘƘŜ 
discussion at Step 2c).  

To determine adjacency in a standardized way, the following further rules of thumb should be applied: 

ω for small patchy ǎǳōǇŀǊǘǎ όŀǊŜŀ ғлΦр ƘŀύΥ ǎǳŎƘ ǎǳōǇŀǊǘǎ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ άŀŘƧŀŎŜƴǘ 
ǘƻ ![έΣ ƛŦ ŀǘ ƭŜŀǎǘ мκо ƻŦ ǘƘŜƛǊ ǇŜǊƛƳŜǘŜǊ ƛǎ ǎƘŀǊŜŘ ǿƛǘƘ ǘƘŜ ![ όǎǳōǇŀǊǘǎ нō ϧ нŘ ƛƴ  

ς but see also the two exceptions below),  

ω for linear subparts (width <20 m) only parts with a shared boundary with the AL should be 
ŎƻƴǎƛŘŜǊŜŘ ŀǎ άŀŘƧŀŎŜƴǘ ǘƻ ![έΦ όhǊΣ ŦǊƻƳ ŀƴƻǘƘŜǊ ǇŜǊǎǇŜŎǘƛǾŜΣ ǎǳŎƘ ƭƛƴŜŀǊ ǎǳōǇŀǊǘǎ ǎƘƻǳƭŘ 
ōŜ άŎǳǘέ ƛƴǘƻ ƳǳƭǘƛǇƭŜ ǎƳŀƭƭŜǊ ǇƛŜŎŜǎ ǿƘŜǊŜ ǘƘŜ ǎǳōǇŀǊǘ ƭƻǎŜǎ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘƘe AL, and only 

?
?

?

{ǘŜǇ нΥ άǎƳŀƭƭ 
ƛǎƭŀƴŘ ŦŜŀǘǳǊŜǎέ

?

Agricultural land (AL)

{ƻƳŜǘƘƛƴƎ ŜƭǎŜ όǎŜƳƛƴŀǘǳǊŀƭΣ ǳǊōŀƴΣ ǿŀǘŜǊΧύ

??

?

{ǘŜǇ оΥ άōƻǊŘŜǊƛƴƎ ŦŜŀǘǳǊŜǎέ

?
{ǘŜǇ пΥ άƛƴǘŜǊƴŀƭ 
ŦŜŀǘǳǊŜǎέ

?

?

?

?

? ?
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those pieces should be considered as adjacent that are actually adjacent (subparts 1a & 1b 
in Figure 31).  

Furthermore, there are two more additional rules that should override the normal (GIS-style) 
interpretation ƻŦ άǎƘŀǊƛƴƎ ŀ ōƻǳƴŘŀǊȅέΥ 

ω narrow grass strips (max 3m), farm tracks, and agricultural roads (LU2=U111) do not create 
a separation, ǎƻ ǘƘŜ ƻōƧŜŎǘǎ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜƳ όƻƴ ǘƘŜƛǊ ǘǿƻ ǎƛŘŜǎύ Ŏŀƴ ōŜ ǎŜŜƴ ŀǎ άǎƘŀǊƛƴƎ ŀ 
ōƻǳƴŘŀǊȅέ όǎǳōǇŀǊǘǎ пō ϧ пŀ ƛƴ ); 

ω fences (except for agricultural fences, see below), on the other hand, create a separation, 
ǎƻ ŀ ōƻǳƴŘŀǊȅ ǿƛǘƘ ŀ ŦŜƴŎŜ ǎƘƻǳƭŘ ƴƻǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ άǎƘŀǊŜŘ ōƻǳƴŘŀǊȅέ όŎŦΦ рŀ ƛƴ 

). The only exception from this rule is agricultural fences, e.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 hand, fences 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, etc.). Branches of trees that are 
overhanging a fence should be considered as if they were on the same side of the fence as 
the tree trunk.  

 

trees   1a                          1b

Agricultural land (AL)

{ƻƳŜǘƘƛƴƎ ŜƭǎŜ όǎŜƳƛƴŀǘǳǊŀƭΣ ǳǊōŀƴΣ ǿŀǘŜǊΧύ

trees    2a 2c
2b

2d

3a trees
3b ditch
3c grass

4a grass 
4b ditch
4c trees

5a grass
5b trees
5c grass

fence
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¢ƘŜ άǎƘŀǇŜ ŀƴŀƭȅǎƛǎέ is a key element of the standardized decision 
ǇǊƻŎŜǎǎΣ ǿƘƛŎƘ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ άŎǳǘέ ŀƴ ŀǊōƛǘǊŀǊƛƭȅ ŎƻƳǇƭŜȄ ǎƘŀǇŜ 
όǇƻƭȅƎƻƴύ ƛƴǘƻ ŀ ǎŜǊƛŜǎ ƻŦ άǎƛƳǇƭŜέ ǎƘŀǇŜǎΦ aƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ 
original polygon should be cut into three types of pieces (= 
έǎǳōǇŀǊǘǎέύΥ  

linear subparts (width <=20 m and 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 long) 
should be cut off at the point where the local diameter of the shape 
goes above/below 20m (cuts 1, 2, 4, 5, 6, 7, resulting in subparts A, 
B, E, G & I below). Patchy parts are the remainder after the removal 
ƻŦ ǘƘŜ ƭƛƴŜŀǊ ǎǳōǇŀǊǘǎ όǎǳōǇŀǊǘǎ /Σ 5Σ CΣ IύΦ {ƘƻǊǘ άƴŜŎƪǎέ ǘƘŀǘ ŀǊŜ ƭŜǎǎ 
than 20m wide but also less than 20m long (cut 3) should also split 
two patchy subparts (subparts C & D) at the middle of narrowest 
ǎŜŎǘƛƻƴΦ {ƘƻǊǘ άŦƛƴƎŜǊǎέ όŀǎ ǘƘŜ ƻƴŜ ƛƴ ǎǳōǇŀǊǘ Cύ Řƻ ƴƻǘ ŜǎǘŀōƭƛǎƘ ŀ 
cut, they should simply be considered to belong to the neighbouring 
άǇŀǘŎƘȅ ǎǳōǇŀǊǘέΦ 

Performing this procedure on the two complex shapes depicted in 
the illustration will result in 5 linear subparts (A, B, E, G, I), 3 small 
patchy subparts (D, F, H), and one large patchy subpart (C).  

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

first in Step 2, when the entire gap needs to be analysed; and  

then in Step 3, when the homogeneous patches adjacent to AL need 
to be investigated.  

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

 

{ǘŜǇ пΥ [C άƛƴǎƛŘŜέ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ όάƛƴǘŜǊƴŀƭ ŦŜŀǘǳǊŜǎέύ 

In a few specific cases the parcels of AL, as identified in Step 1 (i.e., the yellow areas in ), can 

ŀƭǎƻ Ŏƻƴǘŀƛƴ ǎƳŀƭƭ άŜƭŜƳŜƴǘǎέ ǘƘŀǘ ǎƘƻǳƭŘ ōŜ ǊŜŎƻǊŘŜŘ ŀǎ [CΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ Ƴŀƛƴ ŎŀǎŜǎ ŦƻǊ ǘƘƛǎΥ  

ω flower strips (LF type T), that are established within arable fields lying fallow (U112); 

ω some types of agriculture (e.g. agroforestry areas: X06, X09) that consist of a fine-scale mosaic 
ƻŦ ǘǿƻ ƭŀƴŘ ŎƻǾŜǊ ǘȅǇŜǎΦ {ǳŎƘ ǇǊƻŘǳŎǘƛǾŜ ƳƻǎŀƛŎǎ Ŏŀƴ Ƙƻǎǘ άƴƻƴ-productive eleƳŜƴǘǎέΣ ǿƘƛŎƘ 
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 the photo 
interpretation (unless it is based on very recent ortho-photos), just in the field survey.  
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CƛƴŜ ǎŎŀƭŜ ƳƻǎŀƛŎǎ ŀǊŜ ǇǊƻŘǳŎǘƛǾŜ ǇŀǊŎŜƭǎΣ ǘƘŀǘ ŀǊŜ άƘƻƳƻƎŜƴŜƻǳǎ ŀǊŜŀǎέ όǎŜnsu LUCAS Core) 
containing a fine-scale 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 system όŘŜƘŜǎŀύύΦ ¢ƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ [C ǿƛǘƘƛƴ ǎǳŎƘ άŦƛƴŜ-scale 
ƳƻǎŀƛŎǎέ Ŧƻƭƭƻǿǎ ǎƛƳƛƭŀǊ ǇǊƛƴŎƛǇƭŜǎ ŀǎ ǘƘŜ ƻǾŜǊŀƭƭ ŘŜŎƛǎƛƻƴ ŦǊŀƳŜǿƻǊƪ όƧǳǎǘ ŀǘ ŀ ŦƛƴŜǊ ǎŎŀƭŜύΥ  

(4a) Identify the components of the mosaic and assess their productivity  

(4b) Assign codes to the sub-points:  

if both components are productive (or neither of them are), then no LF should be identified 

If just one component is productive, then the sub-points falling on the pieces of the non-productive 
component can be registered as LF ς in case they also meet the remaining non-spatial criteria 
(permanent, semi-ƴŀǘǳǊŀƭΧύΦ  

The minimum size of patchy LF (generally 1 m2, see the description of the patchy subtypes in the C1 
doc) applies also in the case of fine-scale mosaics, thus stones, shrubs, etc. smaller than 1 m2 should 
not be recorded as LF.  

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

ð 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:  

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

ð ŀƴŘ ǎƻƳŜ άǇŀǎǘǳǊŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέ όŜΦƎΦ όŜƭŜŎǘǊƛŎύ ŦŜƴŎŜǎΣ ŦŜŜŘŜǊǎΣ ǿŜƭƭǎΣ ōǳƛƭŘƛƴƎǎΦΦΦύ 

In several parts of Europe, occasional grazing can occur anywhere in semi-natural or abandoned areas, 
even in forests. Occasional grazing is not linked to agricultural use and these semi-natural 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. fruit trees), 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 between the rows in an orchard should always be considered as parts of the productive 
orchard (not LF ς in line with the instructions given in the C1 doc). 
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For the comparison of the definition of landscape features in both surveys we not only did an analysis 
in the characteristics but also in the spatial alignment of those elements. To be able to do that we 
intersect the LUCAS LF point geometries with the EMBAL polygons to see how many quadrats/plots 
were matching, see ( ).  

 

  

For the survey 2022, we 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 survey, (see ). 

 

 

 

Once we had the resulting point intersection of LUCAS LF with EMBAL, we started an analysis to see 
the correspondence between the two surveys. 
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Woody elements 
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Grassy elements 
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Wet elements 
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Stony elements 

 

 

 

 

 

 

The main problem of mismatching on the comparison of the points are due to:  

1. Difference in the definitions of the landscape features. For example, a significant number of 
points classified as woody features in LUCAS LF are reclassified as non-agricultural (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 LUCAS), see . 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 discrepaƴŎƛŜǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǿƛǘƘ 9a.![Ωǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎΦ 

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

2. . Both surveys accurately detect landscape features, but due to non-intersecting 

geometries, the assigned class in EMBAL differs. This issue is common in all classes, as 
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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 especially prevalent 
in the case of stony elements (see ), 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 1.5-meter buffer when surveying, affecting the geometrical analysis and results. 
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