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Integrating Earth observation and statistics
across the agricultural policy cycle
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Thematic sessions - Agriculture Il on the 06/May/2026, 10:00am - 11:30am.
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Aims of the study % GrZinrsn:  Qeesa

From Earth Observation to policy-relevant agricultural statistics across the policy cycle

« Show how Earth Observation can be integrated into statistical frameworks O
to produce reliable, spatially explicit agricultural statistics. &

« By means of use cases, illustrate how EO-based indicators support
different stages of the policy cycle (agenda setting, implementation,
evaluation) in agriculture.

« Demonstrate that advanced EO methods, combined with sound statistics, \
can generate timely, policy-relevant information for monitoring and J
decision-making.
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EU policy context for agro-food and environment

The EU agro-food sector: regulatory
framework with the Common Agricultural
Policy (CAP) as cornerstone, and
complementary directives on pesticides,
water quality, and biodiversity:

Defining the full set of environmental
obligations that member states and farmers
must meet.

Key EU and German regulations
governing pesticide use, fertiliser
application, and biodiversity in
agriculture:

Topic Legal act

EU legislation — pesticides

Directive
2009/128/EC -
Sustainable use of
pesticides (SUD)

Pesticides

Regulation (EC)
1107/2009 -
Pesticides Authorisation of
plant protection
products

Regulation (EC)
396/2003 - Maximum
residue levels
(MRLs)

Pesticides

EU lagislation — nitrates & water

Directive 91/676/EEC

Nitrates - Nitrates Directive
Directive
Nitrates 2000/60/EC - Water

Framework Directive

EU legislation — biodiversity

Regulation (EU)
2021/215- CAP
Strategic Flans
2023-2027

Biodiversity

Regulation (EU)
Biodiversity 2024/1991 - Nature
Restoration Law

Directive 92/43/EEC
Biodiversity - Habitats Directive
(FFH)

Regulation (EU)
Biodiversity 2018/848 - Organic
farming

German pational implementation

Mational Action Plan
on Sustainable Use
DE national of Plant Protection
Products (NAF) -
Germany (BMEL)

Reference |
source

eur-lex:
dir/20809/128

sur-lex:
reg/20089/1187

eur-lex:
reg/2085/396

eur-lex:

dir/1991/676

eur-lex:

dir/2e0e /60

sur-lex:
reg/2021/2115

eur-lex:

reg/2024/1991

eur-lex:

dir/1992/43

sur-lex:
reg/2018/848

nap-
pflanzenschutz.de

Key requirement

Member states must adopt national
action plans; promotes integrated pest
management (IPM) and non-chemical
alternatives

Active substances may only be
approved if residues cause no harm to
human health or the environment

Sets maximum permitted pesticide
residues in food and feed; default limit
0.01 mgfkg where no specific MRL exists

Limits nitrogen from manure to 170
kg/hafyear; mandatory action
programmes in nitrate vuinerable zones
(NVZ); groundwater threshold: 50 mg/l
nitrate

Overarching water protection
framework; Nitrates Directive is one of
its statutory management requirements

One of ten CAP objectives focuses on
restoring biodiversity; eco-schemes and
"green architecture” require
biodiversity-friendly farming practices

20°% of EU land to be restored by 2030;
member states must improve farmland
bird populations and pollinator diversity;
in force since August 2024

Protects natural habitats (including
farmland habitats like semi-natural
grasslands) via the Natura 2000
network; legal basis for newer nature
laws

Strict rules on pesticide and synthetic
fertiliser use in organic production; Farm
to Fork target: 25% of EU farmland
organic by 2030

Implements Directive 2009/128/EC via
§4 Pflanzenschutzgesetz; targets 30%
environmental risk reduction by 2023;
promotes IPM, demonstration farms, and
aims to align with the Farm to Fork 50%
reduction goal by 2030

esa
Y GFZ oo

Meeting these requirements demands
reliable, timely, and spatially explicit
data:

Earth Observation enables large-scale
monitoring of land use, crop conditions,
nitrate-vulnerable zones, and
biodiversity indicators across the entire
policy cycle
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/7 Helmholtz Centre
Simplified policy wheel - '///Z GFZfor Geosciences
integrating EO data usage at

the different policy phases: Policy Experts translating needs in
formulation (EO) technical specifications

'J‘.. TR o LR
initi - 4/ tOFi ‘ Polic
Definition of the Agenda Settin . for monitoring & | _ Y
J Problem(s) ° ° f 4% compliance of EU implementation \

agri-policies

Refine policy needs based on

technical feasibility Implementation phase with

various stakeholders

Policy
evaluation
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Long drought periods and heavy
rainfall increase the amount of
leached nitrogen.

Nitrate in groundwater arrives
with a time lag (up to decades).

Models can estimate nitrogen
leaching and nitrate concentration in
water.

The amount largely depends on the
biomass in the field...

LUXEMBOURG
Ministry of the Environment, Climate and Biodiversity INSTITUTE dF SCIENGE

%

LISTE

THE GOVERNMENT
OF THE GRAND DUCHY OF LUXEMBOURG

lateral runoff to the

AT D e * Mechanistic models like HERMES
simulate biomass development

+ EO data can improve these models
by integrating/assimilating EO-based
biomass maps

Limits nitrogen from manure to 170

Directive 91/676/EEC  eur-1lex: kgfhalyear; mandatory action

Nitrates _ Nitrates Directive P programmes in nitrate vulnerable zones
Grr/AEELre (NVZ); groundwater threshold: 50 mg/l
nitrate
Directive urlex: Overarching water protection
Nitrates 2000/60/EC - Water surTien framework; Nitrates Directive is one of

dir/2008/68

Framework Directive its statutory management requirements
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Agenda setting: Understandr'ih nitrogen leaching

esa

- Spatial pattern of biomass
estimated from Sentinel-2 imagery
using hybrid estimation methods
(RTM and machine learning)
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Policy implementation: Dec'i'éiIOn Support Systems

Integration of EO-Data in Decision Support Systems for crop protection
- Improve forecast quality of crop disease models

- Increase usability of the web service. Retrieve default parameter from EO -> to reduce use
of plant protection products:

Ge&Prog 1 2. 3 a.

EO Data Processing Adaption Integration
’ > ( A f Plant growth A
~—— Agrienvironmental BBCH-gSta ges Model Decision Support Systems
Satellite data Soil moisture, ) biomass parameter
temperature snow \. J
—— cover r “
DEMs \. J —1— Topograpy
s N relief, aspect, slope Risk maps
~c~— \ J
UAS data Landuse ; S\
~—— crop rotation, Edge structures .
official Geodata cultivation denSlty shadlng, habitats Biomass
\_ Yy, \ J models
————

National Action Plan Implements Directive 2009/128/EC via
X §4 Pflanzenschutzgesetz; targets 30%
on Sustainable Use

. N nap- environmental risk reduction by 2023;
y He|mh0|tZ Centre DEpations] gf F(I’a"ttpiﬁg‘;)'?" pflanzenschutz.de promotes IPM, demonstration farms, and
. Gm uets (BMEL) aims to align with the Farm to Fork 50%
/4 for Geosciences Sy Fodocton goal by 2030

Directive Member states must adopt national
x - 2009/128/EC ~ eur-lex: action plans; promotes integrated pest
‘ ZEPP FERN I~ . oo Sustainable use of dir/2009/128 management (IPM) and non-chemical
[ e g atheliopas.ai “&: THUNEN pesticides (SUD) alternatives
8
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. To assess the effectiveness of policy actions and show how EO improves evidence-based evaluation:
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RGB Sentinel-2 Vegetation index CETRIIE 1) E4E resampling

— — scenes per stages —»
2018-2023 EVI2 of phenology 10m
normalization

PCA

3 vegetation

Single hierarchical cluster Consensus Final
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& 9¢l 3 soil sensing 5d cluster
G S— cluster

— ECa0-03m | resampling Texture
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Workflow of the clustering process for delineating management zones.

Soil nutrient availability has a
stronger effect on yield than applied

fertilizer nitrogen

Convert potential low-yield zones ﬁ

ﬁ | Consensus cluster
into small forests or flower strips? f

.2 =k

H Low yield
Middle yield

« High yield

' Potential yieid zones|
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Regulation (EU) One of ten CAP objectives focuses on
L 2021/2115- CAP , restoring biodiversity; eco-schemes and
Biodiversity . reg/2021/2115 - 7 o 1
Strategic Plans 2023~ ‘areen architecture” require
2027 biodiversity-friendly farming practices

Regulation (EU)

20% of EU land to be restored by 2030;
member states must improve farmland

Evaluation'driven Iand'use Biadiversity ég?;g:‘lo;‘l::wre reg/2021/1991 bird populations and pollinator diversity;
- . . . . in force since August 2024
adjustment to improve biodiversity, s
ecosystem services, and environmental
performance.
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Evaluation: ldentification oft'\;v}eeds

EO-based weed maps to evaluate the effectiveness of current weed-management practices (e.g.,

where herbicides are over- or under-applied) and quantify spatial weed pressure.

{ A

Bayesian neural
network

g

High resolution
multispectral UAV
imagery

([ JRed-Edge

Red

Blue

Input Model

Weed map

Per-pixel plant classification

Uncertainty map
Quantify prediction
uncertainty

Output

- Framework for Bayesian deep learning for weed identification from UAV imagery

v/
Y GEZ o cene

N

Actionable information
for automated weed
management and

monitoring
Goals
Directive 2009[128/EC - Met_r"befl Sta_‘esr ”‘“St‘ a"_"f‘ "ra"t"";'a' .
Pesticides Sustainable use of dir/2009/128 CLAL DAL G| L (L BRI S L 1

. management (IPM) and non-chemical
pesticides (SUD) alternatives
Regulation (EC)
1107/2009 -
Authorisation of plant
protection products

Active substances may only be
reg/2009/1187 approved if residues cause no harm to
human health or the environment

Pesticides
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Evaluation: Identification of weeds

for Geosciences

- Framework for Bayesian deep learning for weed identification from UAV imagery - Qualitative Examples '///// GFZ Helmholtz Centre

N
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Maize Weed [ Soil Maize Weed [ Soil

Celikkan, E., Kunzmann, T., Yeskaliyev, Y., Itzerott, S., Klein, N., & Herold, M. (2025). WeedsGalore: A Multispectral and Multitemporal UAV-Based
Dataset for Crop and Weed Segmentation in Agricultural Maize Fields. In Proceedings of the Winter Conference on Applications of Computer Vision
(WACV) (pp. 4767-4777).
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¥ —_— A 7 I™ ™ Helmholtz Centre
| LIST - '//J GI- Zfor Geosciences @esa

- Earth Observation enables reliable, spatially explicit agricultural statistics that support multiple stages of the ‘#;ZR

policy cycle, from agenda setting to evaluation.

» Our case studies demonstrate how EO-derived indicators can be integrated with statistical methods and

' decision-support systems to inform nutrient management, biodiversity-sensitive land-use, and pesticide-reduction targets

under EU agricultural policy frameworks.

EO is currently used most intensively in the first (agenda setting) and fourth (evaluation) stages, where data help identify

\

problems and assess outcomes, While stages 2 (policy formulation) and 3 (implementation) remain &

relatively underrepresented in EO-based applications.

«  We encourage embedding EO more systematically into policy design and operational implementation
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Thank you for your attention - We welcom questlons, feedback, and collaboration!
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