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How to reach a good
biological state?

Present state Desirable
state

?



Need for an ecological model

Actions Biological quality EQRAbiotics



Good biological status
What does this represent?



Species/taxaSpecies/taxa

Need for a transparant ecological model

Identification of desirable state

Reason absence critical species

Linking variables and recovery 

Simulations of combined recovery actions
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Actions Biological quality EQRPressures Abiotic
conditions

Ecology

Present state Desirable state

?

Critical species/taxa



Starting point of the action

• First version of an ecological model using stacked species distribution 
models was developed
• Low forecasting quality

• No inclusion of hydromorphological pressures due to lack of data

• No adoption of the tool by Flanders Environment Agency in their planning 
practice

• The model did not communicate with other water quality models used by 
Flanders Environment Agency



Decision support as learning tools

• Good model quality

• Model should align with

management questions

• Mechanistic understanding

• Model transparency

(uncertainty; assumptions)
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Multiple innovations were realised

• Develop a new input layer with remote sensing data related to 
hydromorphology

• Adopt a hybrid modeling approach to improve model calibration and 
include biotic interactions
• Include expert knowledge, data-driven methods and ecological theory into the 

modeling framework

• Evaluate the possible role of the model within the planning cycle to ensure 
more use of the tool 
• Further develop the explanatory mode

• Further improve the forecasting capabilities 
• Integrating with water quality scenarios from PEGASE water quality model
• Transform the river network into a mathematical graph to improve migration 

modeling in the species distribution modeling



Challenge 1: a regional hydromorphology
map
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Results regionwide hydromorphological map: estimated hydromorphological status

• Preliminary data for RBMP 4 (verification ongoing)

• 90 % coverage of region ( vs. 10% coverage field monitoring)

• Average accuracy 70%

Bad

Poor

Moderate

Good



What input can this data provide for RBMP?

• Pressure-Impact analysis (RBMP3)

• Ex ante scenario analysis to assess PoM – together with other water 
quality models (RBMP3)

• Disproportionality analysis (RBMP3)

• Assessment of hydromorphological state (RBMP4)

• Evaluation of ‘good ecological potential’ for HMWB (RBMP4)

• Calculate hydromorphological gap (RBMP4)



Next step for the hydromorphological desktop 
application
Marry ‘risk based
assessment’ from
desktop analysis with
in situ observations
to increase use of the
map by stakeholders

Integrate data in 
products for RBMP4 
and tools to support 
the planning of 
hydromorphological
actions



Challenge 2: building a fit for purpose
ecological model using hybrid modeling



Hybrid modeling: datadriven calibration in a 
framework based on ecological theory



Diagnostic application of the ecological model
helps identify the key drivers to adress
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Results diagnostic application (RBMP3)



Results diagnostic application (RBMP3)

Width variation

Biological oxygen demand

oPO4



Predictive application of the ecological model 
helps evaluate scenarios and how much a key
driver needs be adressed



Ex ante scenario analysis



Next steps for the ecological model

• Improve versioning systems in model results to create referentiable
data

• Integrate model results in easy to use applications (eg Power BI 
reports) to increase accessibility and adoption by stakeholders

• Adapt to changing environment: 
• New pollution markers

• Change in resolution and form of input data to which the model was 
developed

• Extend to other biological groups (Fish, Macrophytes?) 



Innovation 
canvas: 
introduction





Example cases
• Real-Time Water Quality Monitoring in River Basins

• Industrial pollution affecting ecosystems
• Goal: deploy sensors and ML to detect and predict pollution events

• Catchment-Scale Water Resource Planning
• Challenge: Balancing agricultural, industrial, and ecological water needs.
• Digital Tools: Digital twins of catchments, scenario modeling, stakeholder dashboards.

• Wetland Restoration and Monitoring
• Challenge: Loss of biodiversity and ecosystem services.
• Digital Tools: Remote sensing, digital twin of ecosystems, ML for habitat analysis.

• Agricultural Water Use Optimization with IoT Sensors
• Challenge: Rural area with water scarcity
• Digital tools: use soil moisture sensors and AI to optimize irrigation

• Near real time forecasting of Harmful Algae Blooms in recreational and swimming waters
• Challenge: have early warning system for recreational users
• Digital tools: satellite based remote sensing, IOT sensors, … 

• Your case …
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