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Demand for Landscape Modelling
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› More realistic, higher-tier risk assesssment 

EFSA: Reference scenario in tiered schemes

› Improved integration of processes

Landscape 
Modelling

Risk 
Assmt

Risk 
Mgmt

Integrated 
Pest 

Mgmt
Research

Authority, 
Farmers

› Holistic view to pesticide risk, eg, 

› multiple stressors, recovery, biodiversity

› indirect effects of weed control

› integration of monitoring and modelling

› Digital Agriculture
integrated pest control & environmental risk

› Digital Twins (eg, DestinE) - what if.. 



Drivers for the  xLandscape Development
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evidence!

*SPG=Specific Protection Goal

Key concepts driving the xLandscape design: 

• Tiered approach →flexibility, adaptivity, 
'get only as complext as necessary'

• Specific Protection Goals →operate in 
explicit dimensions and scales (spatial, temporal), 
explicit structure of analysis 
and communication

the future: Systems Approaches and Digital Twins

established ~2000

started ~2010



Imagine

you are developing a new species effect 
model (eg, amphibian, wild pollinator, beetle) for 

pesticide risk assessment or conservation. 
- you are interested in multiple pesticide exposure and 
effects across large regions
- you want to compare risks of pest control for 
different baseline assumptions
- you study real-world effects of different risk 
management and landscape design options
- you want to build a regional scenario (or digital twin)

to study protection goals and ecosystem services
you want this work consistant with related projects

if you do this from scratch, it's quite an effort

now imagine you can focus on your craft 
and can make use of open shared work 
of your colleagues

Would you like to share your 
ideas, research or applied 

questions, you find valuable 
to study at landscape levels



Imagine…
Our Vision - why we develop
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You have a tool at hand enabling you to build and run processes 

and models at landscape-level, using real-world data. 
You can adapt this tool to your problem. It's open source.

You can make use of open developments done by your colleagues. 

You can run the landscapes models on your laptop or large cloud systems.

The conceptual foundation of the tool is embedded into regulatory-scientific 

frameworks. It also comes with tiered scenario development, 

allowing you to start quickly on screening levels and to get more detailed as you 

proceed. Scenario services support you on request.  

You can keep consistancy, freeze and versioning a certain status for full 

long-term availability and reproducebility with a regulatory context.

→ this is why we think an open, modular and 

collaborative landscape modelling 

framework is the route to take (→xLandscape)



Modularity enables
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Hydrology

Harmonisation

Consistant Integration

Land Use

Habitats
Species 

Ecology

Pesticide 

Use

Exposure

Individual 

Effects
Population 

Effects

Efate

Farming

Focus on key expertise

Stepwise

Validation

Build on existing work

Collaboration

Flexibility – adapt model complexity

Environment

use established models 

moduls can become certificated APIs*

modularisation

Diverse Topics and Competences 

on landscape level Transparency
use similar solutions to similar problems

do you share 
positive effects of 
modularisation?!

*Application Programming Interfaces



why 
do we develop 
a modular 
landscape 
modelling 
framework

simply, 

because there is a demand

and there is 

nothing like this available
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Model Composition: Components 
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Spatiotemporally explicit Modeling Framework 
Interfaces Control MonteCarlo Dimensions Scales Semantics

Toxswa

xDrift

Components
integrate models

• Interface
•Control
• Semantics
•4 integration levels

PRZM5

PPP use

R      C++  

Fortran 

Python 
Smalltalk   Java …

xml-based composition



The Modelling Approach 
xAquaticRisk
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Spatiotemporally explicit Modeling Framework 
Interfaces Control MonteCarlo Dimensions Scales Semantics

Crop
cultivation

PPP use

LP50

Population

Exposure

xDrift

xRunoff

xDrainage Toxswa

Steps1234

Water
temperature

Hydrology

Stream 
Network

GUTS

MASTEP

StreamCom

CVASI

(https://github.com/xlandscape/xAquaticRisk)

✓ Modular

✓ Open Source, FAIR

✓ Makes use of regulatory established models

✓ Flexible, adaptable



The Modelling Approach 
xAquaticRisk
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Spatiotemporally explicit Modeling Framework 
Interfaces Control MonteCarlo Dimensions Scales Semantics

Crop
cultivation

Ag/Land.Mgmt

PPP use

Analysis

LP50

Population

Exposure

Effect

GUTS

MASTEP

StreamCom
xDrift

xRunoff

xDrainage

Exposure/Efate

Toxswa

Steps1234

Environment

Water
temperature

Hydrology

Stream 
Network

CVASI

(https://github.com/xlandscape/xAquaticRisk)

✓ Modular

✓ Open Source, FAIR

✓ Makes use of regulatory established models

✓ Flexible, adaptable



Model Composition →xAquaticRisk
4/13/2026 Sample Footer Text 11

Spatiotemporally explicit Modeling Framework 
Interfaces Control MonteCarlo Dimensions Scales Semantics

Crop
cultivation

xDrift

Environment

xRunoff

xDrainage
Water

temperature

Hydrology

Ag/Land.Mgmt

PPP use

Exposure/Efate Effect Analysis

Toxswa GUTS

MASTEP LP50

Population

Exposure

StreamCom

Steps1234

OS / Cloud
Libraries 

(geo,math)
Multidimensional 

data storage
Runtime

environments

Land 
use/cover

Weather, soil, 
elevation

Topographic, 
hydrographic

Agriculture, 
PPP use

Stream 
Network

CVASI

User interacts

with a single model



Components & Models
Sample Footer Text 12

Crop
cultivation

xDrift
Drainage-

PEARL

Hydrology

Crop 
Protection

Toxswa

GUTS MASTEP

StreamCom

Steps1234

Environment
Land 

use/cover

In-field drift
deposition

Nectar/pollen
residues

Vegetation BeeForage

PrzmEU PrzmUS RunOffFilter

PECsoil

PlantResidue

CVASIBeeHave

xLandscape Models

xAquatic (invertebrates)

xAquatic (water plants)

user

xNTTP-EU

xOffFieldSoil

xPollinator

xNTP-US

xWeedIndirectEffects

xResidues

https://github.com/xlandscape

Drainage-
MACRO



Fundamentals:
Propagate real-world variability to model prediction

4/13/2026 Sample Footer Text 13

Input variability, eg

› Agriculture: land use, pesticide use

› Environment: weather, soil, habitat conditions

› Biology: species occurrence, life cycle

Output variability, eg

› Exposure: PECs, residues

› Effects: mortality, growth, population size

› Environment: bee forage

Hybrid Model (explicit)

• Discretisation (eg, space, time)

• Monte Carlo (PDFs*)



Technology: 
Multidimensional data arrays

4/13/2026 Sample Footer Text 14

R, Python, 

Jupyter, Matlab, 

Tableau, Knime, 

...

https://www.hdfgroup.org/ - Originally developed at the U.S. National Center for Supercomputing Applications, it is supported by The HDF Group, a 

non-profit corporation whose mission is to ensure continued development of HDF5 technologies and the continued accessibility of data stored in HDF

HDF5

https://www.hdfgroup.org/
https://en.wikipedia.org/wiki/National_Center_for_Supercomputing_Applications


xLandscape User Level and Roles
15

•an xLandscape model as backend, called via API (Application Programming Interface)

•also: an xLandscape model as a module, embedded in other environments, eg, DigitalTwinUser - API

•Trained xLandscape model user, with basic technical expertise, but within the need for expert domain knowledge

•Pre-prepared model parameterisation, execution and compilation of results

•In case, the role might include scenario development, requiring geospatial expertise
User - Trained

•Ready-touse xLandscape model application (eg, xAquatic), parameterisation (configuration) and execution

•Expert knowledge on xLandscape model domains (eg, xAquatic, xOffFieldSoil, xPollinator) 

•In case, the role might include scenario development, requiring geospatial expertise
User - Expert

•Expert to build ready-to-use, specific landscape models from using the xLandscaep core and components (eg, 
xOffFieldSoil, xAquatic)

•Note: this role will particularly profit from AI-support

xLandscape 
Model Builder

•Component developer (integrating models/modules, eg, Toxswa, Guts, StreamCom, Mastep, PRZM, CropProtection)

•Expertise in specific model to be integrated and xLandscape component development (concepts, interface, python)

xLandscape 
Component Developer

•Core xLandscape developer. Conceptual development and implementation.

•Advanced expertise, eg, risk assessment domain, Informatics, semantics

xLandscape 
Core Developer

tr
a

in
in

g
 f

o
c

u
s

find your role



xLandscape-based Model Examples
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Next
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Community
Users and developers. Connect to research, develoment and risk assessment teams sharing 
the demand, thinking and working along the same lines. Trainings. Workshops. Support. 

Readyness and Access
Documentation of xLandscape, Components and Scenarios. Testing. 
Simple download and getting started. Simple access to case studies, eg via web. 
Scenario development. 

Adapt AI
AI support and integration in all aspects, eg, building Components, Landscape Models and 
Scenarios. 
Model parameterisation (easy ai-based and formal access to pesticide data), execution and 
analysis, report writing, etc. 

Development 
of Components, Models and Scenarios. Maintenance.
xLandscape Version-4: clean architecture (microkernel and component-based software), 
improved autonomy of components, Digital-twin readiness, coupling of monitoring and 
modelling for systems-approaches.
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Openness & Collaboration 
We believe in open source principles, making our models and components accessible for everyone. This 
fosters innovation, enables participation, and ensures that solutions are tailored to real-world challenges 
rather than built in isolation. 

FAIR Principles 
We follow the FAIR guidelines—Findable, Accessible, Interoperable, and Reusable. By designing modular 
frameworks and sharing transparently, we empower researchers and stakeholders to build on existing 
work and accelerate progress. 

Invitation to Participate 
xLandscape development come with a mindset. We invite everyone to contribute ideas, share expertise 
and help shaping the future of landscape modelling for sustainable development.

Our Values
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Take Home
xLandscape Modelling = improved realism & integration

Modularisation manages complexity and enables collaboration

xLandscape = modular landscape modelling approach

Components, landscape models, and scenarios can be build for a range of problems. Open source.

Our primarily intention is not to establish fixed landscape models 
in a sense of building authoritative standards for years (eg as FOCUS models). Yet, even this is possible.

We want to enable building flexible, adaptive research and 'higher-tier' landscape models 

serving individual problems, of highest possible harmonisation, continuity, and transparency.



Thanks thorsten.schad@landwerk-ev.de



xLandscape Technical Aspects



Don't be afraid about coding anymore 
AI is with you (and me)
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INTERNAL

information/semantic/state-consistent model space

xLandscape Model Building – schematic illustration

/// xLandscape - Thorsten Schad /// 202323
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Microkernel and Components

xLandscape, May 2024, 34th SETAC Europe, Sevilla24

information/semantic/state-consistent model space
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xLandscape, May 2024, 34th SETAC Europe, Sevilla26

Model composition
An xLandscape model is build by an XML-based composition

A simulation makes use of
• Components that are run in 

sequence
• A store that manages the 

simulation data
• Observers that react on 

changes in the simulation
All these parts are configurable

The composition defines what
components are used by the model

and how data is exchanged

The configuration of a component lists
the component‘s inputs and specifies

its data

Data can be directly specified in the 
configuration (scalar and 1-d arrays): 

attached metadata helps the 
Landscape Model to check and fulfill

requirements
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Best Practice
28

Align with regulatory requirements: Ensure that the modelling approach is consistent with the relevant guidance documents, 
protection goals, and assessment endpoints for the species group and environmental compartment of interest.

Document the modelling cycle: Provide transparent documentation of the problem definition, model formulation, 
implementation, parameterization, and validation steps, including sensitivity and uncertainty analyses.

Justify scenario selection: Clearly explain the selection of landscape scenarios, their representativeness, and their 
applicability to the intended use and region.

Use validated models and data: Employ models that have been evaluated for regulatory use, and use high-quality, 
representative input data. Where possible, validate model outputs against empirical observations or monitoring data.

Integrate exposure and effect assessments: Where relevant, link exposure modelling with effect models (e.g., population, 
food web, agent-based) to provide a holistic assessment of risk and recovery.

Address mitigation and uncertainty: Evaluate the effectiveness of risk mitigation measures in the landscape context, and 
provide a systematic assessment of uncertainties and their implications for risk characterization.

Engage with EFSA and stakeholders: Participate in pre-submission meetings, public consultations, and stakeholder 
workshops to ensure alignment with evolving guidance and expectations.



Run your Model 
on a Backend

Shaping the future of our industry 29

VS Code Tunnel



INTERNAL

Microkernel Architecture Pattern

/// xLandscape /// 202430

1. Microkernel architecture pattern

1. it's not just about linking components (models), it's about landscape modelling; 

this brings the linking of components into a domain

1. modelling happen in a 'geographic world' (coordinate system)

2. space and time →spatiotemporally explicit

3. scales → scale-explicit

2. Minimum Kernel Functionality

1. Component control

2. Client adapter

3. storage

4. isolation, processes, scheduling

5. messages
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