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Aims of the study

• Show how Earth Observation can be integrated into statistical frameworks 
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 
decision-making.

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

• 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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Earth Observation in the policy cycle

Simplified policy wheel -
integrating EO data usage at 
the different policy phases:
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Agenda setting:  Understanding nitrogen leaching

• 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... 

• Mechanistic models like HERMES 
simulate biomass development

• EO data can improve these models 
by integrating/assimilating EO-based 
biomass maps
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Agenda setting:  Understanding nitrogen leaching

 Spatial pattern of biomass 
estimated from Sentinel-2 imagery 
using hybrid estimation methods 
(RTM and machine learning)
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Policy implementation: Decision 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:
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Evaluation: Delineation of management zones

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 
into small forests or flower strips?

• Evaluation-driven land-use 
adjustment to improve biodiversity, 
ecosystem services, and environmental 
performance.

.. To assess the effectiveness of policy actions and show how EO improves evidence-based evaluation:
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Evaluation: Identification of weeds

 Framework for Bayesian deep learning for weed identification from UAV imagery
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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.
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Evaluation: Identification of weeds

 Framework for Bayesian deep learning for weed identification from UAV imagery - Qualitative Examples

UAV image Ground truth Prediction Prediction error Uncertainty map

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).



12

Summary and Synthesis

• Earth Observation enables reliable, spatially explicit agricultural statistics that support multiple stages of the 

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 welcome questions, feedback, and collaboration!

 Policy Cycle

 www.gfz.de  katja.berger@gfz.de

Integrating Earth Observation and Statistics across the agricultural policy cycle, K. Berger et al.
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