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Designing Monitoring Programmes

Often in monitoring design

- We start with a question

« We carefully choose variables

- We design detailed field protocols

But ...

We forget to design how the data should actually be sampled.
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Without a rigid sampling design
Our results may be meaningless.
« What do the data represent?

- Can we generalize?

=> Data does not guarantee good inference.

Photo 1977 N-A Andersson
Photo 2009 H Hedenas
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Sample unit Aerial photo interpretation
25 km? square 1 km? square
- Polygons

NILS 2003:2020

«Sampling frame:
National 5x5 km grid covering Sweden

*Probability-based sample:
639 squares (5%5 km) randomly selected

Stratified design:
10 geographic strata

—

Inference? What population does this
represent?

; Circular sample plots
Field inventory - 20 m radius

1 km? square - 10 m radius

- Circular sample plots - 3,5 m radius

- Sample lines - 0,28 m radius

[ &

10 strata 639 sample units
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Citizen science/monitoring

A citizen science program where volunteers
select their own survey routes or sites.

This means:

- the observer decides where to sample i.e.
no random selection of sites.

Inference? What population does this
represent?

Citizen science

Volunteer

!

Chooses
location

!
Registers site

!

Standardized
protocol

|
Data
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FHIN
Butterfly and Bumblebee Inventory

- Sampling frame:
Registered semi-natural grasslands from the TUVA
database

- Probability-based sample:
Random selection of sites from the sampling frame

- Spatial structure:
Sampling within NILS grid

Inference? What population does this represent?




Official Journal EN
’! of the European Union L series
2025/2188 2611.2025

SLU

COMMISSION DELEGATED REGULATION (EU) 2025/2188
of 19 September 2025

supplementing Regulation (EU) 20241991 of the European Parliament and of the Council by
establishing a science-based method for monitoring pollinator diversity and pollinator populations

(Text with EEA relevance)

EU pollinator monitoring

° S a m p I i n g fra m e Having regard to the Treaty on the Functioning of the European Union,
Systematic LUCAS grid covering the landscape

THE EUROPEAN COMMISSION,

Having regard to Regulation (EU) 2024/1991 of the European Parliament and of the Council of 24 June 2024 on nature
restoration and amending Regulation (EU) 2022}869 (), and in particular Article 10(2),

* Probabil ity'based Whereas:
Random SeleCtion Of monito ring Stations (1) Regulation (EU) 2024/1991 requires Member States to improve pollinator diversity and reverse the decline of

pollinator populations at the latest by 2030 and thereafter to achieve an increasing trend of pollinator populations,
measured at least every six years from 2030, until satisfactory levels are achieved.

. - - -
Stratlfl ed des I g n (2) The Commission is to establish a science-based method for meonitoring pollinator diversity and pollinator
1 1 1 opulations (the ‘monitoring method’) that provides a standardised approach for collecting annual data on the
By b I Og eog ra p h IC reg IoNn an d ecosyste m type EbL}l)lldflI]Ce and diversity of Ifollinator specieszcross ecosystems, and f01l'J I;f:;sessing pollinator Eopulation trends and
. the effectiveness of restoration measures.
(forest, agriculture, others)

* Proportional allocation
Sampling effort proportional to area of each stratum

* Flexible transect placement (not specified)
Transects defined within stations, but placement rules are unclear — allows multiple
implementation choices

Inference? What population does this represent?
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Current NILS 2020- f
National Inventories of Landscapes in Sweden

*Target population e.g. grasslands

A. Selection of tracts

Sampllrlgframecovenng Sweden . /
* Sampling frame T
National 1x1 km grid covering all land and freshwater e
Two-phase sampling design HEEE s
= : SR 5 year

Phase 1: Selection of tracts using coordinated
balanced sampling

B.Inventory in aerial images

Each plot in the tract were inventoried and classified using
aerial images or automatic classification. The classes were

. . . ; . combined to “selection classes” which later were used to
Phase 2: Selectlon Of pIOtS Wlthln traCtS select plots which should be inventoried in the field.
4 000 tracts with Classes within the Grassland & Deciduous forest inventories 2023
H 1 = = 784 000 plot Broad-leaf forest 1-types, Autom.)
» Stratified random subsampling for fieldwork wilhinthe 2023 nventory s amex s Avom) [ 33005072221
® Grassland (rare types)

. . . . . . . . pe

Higher sampling intensity of rare/priority habitats > Grmnamoungone oty Sha et
- Broad-leaf forest (> 90 years, no forestry) s 9 pabe p o o e
5 il Wooded pastures with continuity . ece ene

® Broad-leaf forest (other)
Grazing/mowing without continuity . (X} .
® Deciduous swamp/alluvial forest b4
®  Deciduous forest (other)
Grassland (other)
Not target class

* Non-visited units retained in sample
Plots/tracts without target habitats contribute as zero
observations

 Spatially balanced sampling
Ensures coverage across environmental gradients

C. Selection of field plots

Tracts and plots selected for field visits in 2023.

Inference? What population does this represent? Hiots nvaniorid n the

field in 2023
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Importance of randomness

Every location gets a known chance of being selected

Captures the full variation in the landscape

Reduces risk of systematic bias

Enables statistically valid inference
=> Randomness is what allow us to generalise

However,
- Stratification/ weighting needed to capture rare habitats











































Field survey

Post-processing of recorded data

N N

Data exchange & Quality control

EMBAL internal data workflow

Surveyor

Pre-processing of the plots using digital orthophotos

Central Office

ODK Central

Field survey

Pre-processing

Post-processing

Quality control & Data delivery

EMBAL - European Monitoring of Biodiversity in Agricultural Landscapes




EMBAL on JRC Data Catalogue @ﬁb@“

the European Union

e Joint Research Centre Data Catalogue - European Monitoring of
Biodiversity in Agricultura... - European Commission

DATASET

European Monitoring of Biodiversity in Agricultural Landscapes
(EMBAL) <

Collection: DRLL : Digital Rural Landscape Lab >

o Important note Close ()

The information and links provided are maintained in distributed and heterogeneous information systems. Although we strive to maintain and keep
links and information updated, this may not always be possible because of changes that are not registered and updated in the relevant information
systems. Please, help us to maintain the system updated by indicating broken links or any other outdated information by contacting the relevant
contact point. You can also Contact Us.

PAGE CONTENTS Description

Description The EMBAL dataset (2022—2023) compiles detailed information on agricultural environments all over EU with a

focus on cro es, management practices, and associated ecological features.
Contact p types, g p . g

Slides provided by Andrea Hagyo, Joint Research Centre



JRC publishes
discoverable entry for
geo-anonymized
EMBAL data on JRC
Data Catalogue

Upon approval of
research proposal and
signature of Non-
disclosure agreement

—>Access to, viewing,
exploring, and
downloading EMBAL
data with geo-
location

Workflow for EMBAL data sharing

Data user

7

1. Searches for EMBAL data online

2. Downloads and fills in pre-designed data request
template

[

N

A L.
- S
Joinl R saarch Coowre Dale Catalagn

i

Data provider \
0. EMBAL data (plots, transects, parcels, photos, ] P

ortho-photos, record descriptor) hosted on viewer

¥

3. Sends filled in data request template to JRC

>

1. EMBAL metadata discoverable on JRC Data
Catalogue

¥

2. Link on JRC Data Catalogue fo pre-designed data

EU 4. Signs NDA and makes an ECAS account

Login

request template

5. Returns MDA to JRC Hierarchy

3. JRC Hierarchy evaluates data request

¥

6. Log into viewer, browse and download data

F Y

4. JRC Hierarchy sends MDA template to user

Y

5. JRC Data management team adds user's ECAS

|
|
N l

/

N

account to EMBAL viewer list

Slides provided by Andrea Hagyo, Joint Research Centre
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EMBAL geo-anonymised viewer f?}%f{, Efs®

the European Union

* Access with ECAS account * Attribute fields with location deleted
* Available in JRC Data Catalogue *  No EMBAL_.id available

*  GPS coordinates not available *  Photos are not available

< 8 EMBAL: Textual Search 2023 . | o

Commissisn

o @ o = l
E M BAL \ MBAL plots: 3000 Search QA B & E .
INDEX FID NUTS0 PLOT_O_DES PLOT_REM o ° . o n E B “ D
European Monitoring of Biodiversity in Agricultural . . - s bl vl gn e Parcels P I - |

Landscapes

Flooded rice fields, maize and some ruders|

! : o grassland and hedges cther N A
- . . - B — Tarse o T [—-
v 3 a PT Stone walls in grass lsnds with fraxinus. . _— o
v > 7 Tipical grassland from the north, with hight
| ) 5 BT
vineyards, many water
\ 5 6 PT Stone elements
- O BB 4 y 6 7 PT
= . F / 7 8 T Grazed grassland and shrubland. many stone walls
Terraces, home vegstables. frut trees. vineyards.
] 9 PT
Familiar agricukture. Water and forest
9 10 PT
= 10 1 PT Grasslands irrigated. many cadle
Textual search N i Fruit tree plantation and vineyard with sheen
- 1 12 FT ather
. grazing fammily gardens, large shrubland
. 12 13 BT
Search EMBAL P|0tS by ~ » 13 14 PT many_parcels_not_cbs challenging_terrain
e 14 15 T
country and textual description
15 7 T
16 18 PT Industrial zone
17 19 BT Typical coaztal slentsjo montada
Terraces, foreet with chestun ree, oska and pinze.
18 20 T .
Some agricuftursl sorsach to chestnut
19 2 T Quereus subzr+ cupressus + scrubland
Many wats:, pasture on th grassland, but
» . - y water, pasture on th grassland, but many
scrub and forest als
7 23 T
2 24 T Farast vinayards, clives, garden, smll fislds
23 25 PT landowner_problematic [ Mar-mace siructures
2 26 PT | i
B e 7 3 2
25 27 PT [ — —A/Jk /e
26 22 FT Many Eucalyptus challenging_serrain ] Seiement ard asphak . ’/ﬁ/ (T isa -
Almond+ olives vineyards. Ababdoned
27 29 PT

trees dry place

0 » E Slides provided by Andrea Hagyo, Joint Research Centre




EMBAL full dashboard

* Full version of the data (plots, transects,
photos, ...)

* Accessible after approved research
proposal and NDA signature

Version: zslom

.

EMBAL

European Monitoring of Biodiversity in Agricultural
Landscapes

Geographic searc

L |
h f \
4 y
#4 Search EMBAL plots
r .
.

Search EMBAL plots
by country and textual
description

from a overall EU map

Funded by
the European Union

* Has textual and geographical search across all fields
* Access to the photos taken during the survey
* Orthophoto pairing (new Eurostat GISCO service!)
< % EMBAL: Geographic Search 2023 ot £4560.2678 AN Gymeen,
(]
=2
s
[‘.:::.{ tongopl S
S
go-:;sa’.fw'
.‘ﬁ.};{ . :
. £
N 5
B g
one R, o = Slides provided by Andrea Hagyo, Joint Research Centre

®

European Commission - Joint Research Gentre



Question for discussion (1)

c) What governance structures, standards and sharing
infrastructure are needed for coordinated, long-term
monitoring?

With regard to “2"d Main Question of the Workshop”

How can data from biodiversity monitoring be organised, shared, and
governed effectively across European countries?

EMBAL - European Monitoring of Biodiversity in Agricultural Landscapes 19
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EMBAL Supporting policy

3. How can monitoring data be translated into formats that
effectively support decision making and policy processes?
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EMBAL Sample 2023

ANVI value
® 0-199

2-3.99

Agricultural Nature Value Index $ b

® 8-9

Agricultural area
0ha

to
) 25ha

Parcel NV ® a®

calculated +
from o O
individual O
parameters

arable fields only

Plot ANVI
scored
between 0-9

Parcel nature value
B Very low NV (0-2)
[ Low NV (2 - 4)

] Medium NV (4 - 6)
[ High NV (6 - 8)

I Very high NV (8 - 9)
[ Not utilised agricultural area
B0 Missing data or unobserved

Orthophoto: © Surveying and Mapping Authority ) Malta Cyprus w
f the Republic of Sloveni
Cou ntry: S| Administrative boo:nZar?:: ©CE?;rche§gr:phic @b‘é
0 500 1.000 km
EMBAL - European Monitoring of Biodiversity in Agricultt. HE———— 1:2.000.000 1:9.000.000
1:16.000.000

Administrative boundaries: © EuroGeographics



Agricultural Nature Value Index

9'
o
23, | %
o - A% # v ]
o & ® 3 S
< 0] o .- 5
% » :' ’ :’ . ;
j B e LS 5 L y
r . '%%%%**
2 s S T L s g {1714
T 41 _ % %, T T i T § ® o D
j%s 3 } { % i % i % *. EU weighted mean (4.11)
© ¢ %; N o
c p % - & =
ol ! Y & > @ °
I FEE R SRS |
- I B WA
O.

significant difference non-significant
% to EU mean difference

Applying plot weights for representativeness at Member State level.

Significance according to permutation test with 10,000 permutations

and Bonferroni correction. Showing 95% confidence intervals

EMBAL Sample 2023
Mean weighted ANVI value

0

0 500 1.000 km
N
1:16.000.000

o O (EFRse
Funded by s lfab C

the European Union

.m@(

1:2.000.000 1:9.000.000
Administrative boundaries: © EuroGeographics
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How to design biodiversity monitoring
programmes

How can monitoring data be translated into formats that
effectively support decision-making and policy
processes?

Jm 7/5/2026

Andrea Hagyo, Joint Research Centre

||!!|!\!!\\k
T

European |
== Commission




How biodiversity monitoring data can support
policy?

« Monitor biodiversity @)‘ . Biodiversity targets
 to underpin why biodiversity conservation and EU Biodiversity Strategy
restoration are needed

Protected areas
« evidence to design effective policies Natura 2000

 to track policy impact and performance

NATURA 2000

« Monitor biodiversity/ proxies AND management/actions

 What human activities, pressures have an impact * Conservation/restoration policies
on biodiversity? Nature Restoration Law

« What actions can lead to positive changes, halt and
reverse biodiversity loss?

 Where, how, how much?

Sectoral policies with biodiversity
objectives
Common Agricultural Policy

Clear links between biodiversity and actions
requlated or incentivised by the policy




How can monitoring data be translated into
formats that effectively support
decision-making and policy processes?

Population index (1990=100)

 (Cost-effective and robust indicators, reliable in a

legal context
« Detect changes at a comparable timescale with
policies, comparability across time
« Statistical representativeness e

* Well-documented, open data

%
4
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From design to policy-relevant data and indicators

Land Use and Cover Area frame Survey, LUCAS

Co-location

* Multiannual planning

« Align pogramming with policy and implementation cycles

« Implementation of robust data governance principles

« Data quality, interoperability

* Identification of user needs

« Survey design, data collection, processing, analysis,
dissemination, and post-survey evaluation

Landscape Features
2022

LUCAS grassland

S LUCAS Landscape features
e RS LUCAS soil biodiversity
Soil biodiversity LUCAS Grassland EMBAL L
2018, 2022 2018, 2022 } %




Monitoring landscape features

Clear objective

Common Agricultural Policy (CAP) supports maintaining
landscape features since 1992

CAP OBJECTIVES

Impact indicator 1-21

‘share of agricultural land covered with landscape
features’

developed by JRC at the request of DG-AGRI CLIMATE = ENVIRONMENTAL LANDSCAPES
CHANGE CARE

o




A European Union typology of landscape features

Clear and simple definitions)for cost-efficient sampling and robust data

« Single trees

* Rows of trees
* Hedges

» Copses

Woody

W: woody
vegetation LF

P: small ponds and
wetlands

Wet

D: ditches and
streams

* Ditches (D)

* Small streams (D)
* Small ponds (P)

* Small wetlands (P)

+ Buffer strips

* Grassy field margins & & T
.

Grassy

G: permanentgrass/
herbaceous LF

S: stone walls, cairns
and terraces

Stony

» Stone walls
« Clearance cairns
* Terraces

Indicator: The ratio (%) between the area covered by
LF and the area covered by agricultural land at
Member State (and possibly at NUTS2) level

LF definition: small fragments of non-productive and
typically, but not only, semi-natural vegetation present
In, or adjacent to, agricultural land.

4 main LF types
« Geometry
< 20m wide OR

"!WI!“\&
o

< 0.5 ha size (area)



LUCAS Landscape Features 2022

* Clear methodology Policy
in(collaboration) Research
* Robust area estimation Statistics

Nested point sampling
Agricultural land

weo 93,000 quadrats of 100x100m
X 41 sub-points-> 3.8 million

LUCAS core
point

T

-
T




.21 CAP indicator

I-21 CAP indigatomushan gric  cov ith |andsCape features

Settings

&

All LFs by countries

EU: 5.64 - st.dev: 0.05

SC'ENCE BEHIND THE DEBATE EU Landscape Feature indicator foct sheet|

Norway

New survey reveals 5.6% Landscape Features in
EU Agriculture

[ tmana #

% land. features
17.71

ited Kingdom

- A new indicator to quantify landscape features on - Woody features dominate (3.2%), followed by Grassy
agricultural land based on field survey was (1.9%), Wet (0.4%), and Stony features (0.2%)

developed
- Landscape features percentages vary, from 3% to
- In 2022, agricultural land in the EU includes 5.6% 9% in most EU countries, Malta and Cyprus having

g5s
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¥ & $3923 ¢ Q@ S
Ve North Macedonia
12.5
cy: 21 MT: 28
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Evidence on links between biodiversity, proxies and managemen

A. Combining data from different
monitoring programs

~ -
=7

PECBMS

Gridded data from the Pan European
Common Bird Monitoring scheme
(PECBMS) site-level data, 2018-2023

Mean species richness and abundance,
weighted by sampling effort

-
[

@

H N=114

5 . R*=0.12

g 10 Leave-one-out cross validation
o *  Mean MAE = 2.21

] SD MAE = 0.0002

2 s

Forb ratio

B. Monitoring multiple biodiversity and management metrics
- LUCAS Grassland

a) b) c) 3
} p-value < 0.00001 § p-value = 0.004 . p-value < 0.00001
\ i % \ i ) /
Number of samples per NUTS2 region @ 200 @ 400 @ 600
C. Knowledge synthesis from multiple studies
« JRC Farming practices evidence library:
Systematic review of meta-analyses
_—_.—/%
= %
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Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of
elements that are not owned by the EU, permission may need to be sought directly from the respective right holders.
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https://creativecommons.org/licenses/by/4.0/
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