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Background

Knowledge gaps identified by stakeholders:

Cumulative impacts of 
climate, population and 

land-use change.

Collaborate systems 
thinking approaches. 

Decision support tool to 
inform identification of 

future-focussed 
interventions. 

Participatory modelling methods co-developed with SEPA (Scotland’s environmental 
regulator) and Scottish Water (public water supplier) to address stakeholder needs. 



How can we address knowledge needs? 
Bayesian Belief Network (BBN)

Probabilistic model considers cause and effect relationships between aspects of a 
system. Advantages of using a BBN
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Research Aim

Increase academic understanding of a 
participatory method for co-developing a 
Bayesian Belief Network (BBN) model for 

simulating catchment resilience.



Study area for trialling the method: 

Eden Catchment, Scotland

The Eden Catchment was 
selected as it currently faces 
water pollution and scarcity 
issues, that are likely to 
worsen due to the cumulative 
impacts of future change.



Constructing the Bayesian Model

(We use the process described by Pollino and Henderson (2010) as a basis 
for the participatory approach. 
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Representing Resilience in the 
Bayesian Model

First step was to define resilience 
with stakeholders and determine 
how to represent resilience in the 
BBN. 

Resilience is the expectation of 
change, which will lead to a better 
focus of adaptive management 
options. 

Resilience will consider the impact 
shocks (extreme events) and 
changes (longer term incremental 
changes – land-use, climate, 
population). 



Conceptually mapping the Catchment System
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Define Model Boundaries
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Model boundaries were identified with stakeholders to help map the causal relationships within the Eden catchment.   



Participatory Process

1: Explain sub-model boundaries

2: Add appropriate variables

3: Map the causal relationships 
between each variable

4: Define the variable and the metric in 
which they should be measured

5: Identify data available to support 
variables (monitoring, SAGIS, strategic 

studies). 

Wastewater: 
9 Hours

Water Resources: 
8 Hours

Land Management: 
3 Hours

Screening sessions were carried out 
following the five steps (left), with three 

expert stakeholder sub-groups for each key 
sub-model (below). 



Visual illustration of conceptually mapped catchment system model. Which was then 
transformed into an equation based BBN by adding data and metrics described 

during the participatory process.  



Representing the Eden Catchment 

Waterbody ID
Waterbody

Name 
Wastewater

Land
Management 

Water 
Resources 

6200
River Eden 

Lower
x x X

6201
River Eden 

Upper
x x X

6202 Ceres Burn x x X

6205
Foodieash

Burn
x x X

6206 Fernie Burn x x X

The BBN was built to include the sub-waterbodies where wastewater, land management and water resource systems 
were integrated. 



Lower Eden 6200 Example 

Images taken from a Strategic Study carried out by SEPA & Scottish Water in 2018, representing an example of 
how the three sub-systems interact at the waterbody level. 



Supporting Data & Discretisation 

SAGIS 
Model 

Outputs

Strategic 
Studies

Monitoring 
Data

Projection 
Data

Prior Probabilities Dry Weather Flow Cupar WWTW 
(Ml/d)

State (Risk) Lower Upper

Resilient 0 3.2

Low 3.2 5.3

Moderate 5.3 7.5

High 7.5 9.6

Discretisation based on licence agreement for wastewater 
treatment works. 

Data identified during the participatory process could be used to create prior probabilities for variables in the 
model. Information could also be used to discretise variables.



Future Change Simulations to 2050 

Climate Land Use Population

RCP SSP Growth Models

2.6 Sustainability Lower Scenario

6 Middle of the Road Middle Scenario

8.5
Fossil Fuelled 
Development

Upper Scenario

UK Climate Projections –
UK Met Office

UK-Shared
Socioeconomic Pathways

Public Water Supplier

Projection data and the coupling of Representative Concentration Pathways with Shared 
Socioeconomic Pathways were used to create simulation scenarios. 



Simulation Output: Natural Capital Example  
Middle of the Road 

Simulation

5% 
Annual Rainfall Increase

3,802
Population Increase

2%
Arable Increase

Natural Capital is discretised 
based on index of the capital 

resources.

Natural Capital Resources

Surface Water Quality

Soil Quality

Groundwater Quality

Air Quality

Looking backwards through the model, users can identify causes which are having 
the greatest effect on selected variables. 



Simulation Output Example  
Middle of the Road 

Simulation

5% 
Annual Rainfall Increase

3,802
Population Increase

2%
Arable Increase

Water Body Level Surface Water 
Quality

Lower Eden 6200

Ceres Burn 6202

Upper Eden 6201

Foodieash Burn 6205 Surface Water is discretised 
based on index of Water Body 

Level Surface Water QualityFernie Burn 6206



Simulation Output Example  
Middle of the Road 

Simulation

5% 
Annual Rainfall Increase

3,802
Population Increase

2%
Arable Increase

Current Mean: 174 ug/L
Current WFD State: Moderate

2050 Mean: 193 ug/L
2050 WFD State: Poor

Surface Water Lower Eden 6200
Reactive Phosphorus Concentration (ug/L)

State (Risk) Lower Upper

High/Good 0 78

Moderate 78 191

Poor 191 1046

Bad 1046 3000

Discretisation based on Water Framework 
Directive Standards for Lower Eden 6200

Phosphorus Pathway Sources

Wastewater Effluent

Diffuse Sources



Simulation Output Example 
Middle of the Road 

Simulation

5% 
Annual Rainfall Increase

3,802
Population Increase

2%
Arable Increase

Current Mean: 20 (kg/d)

2050 Mean: 25 (kg/d)

Wastewater Effluent Lower Eden 6200
Reactive Phosphorus (kg/d)

Influencing Wastewater Works 
Reactive Mean Phosphorus Loads (kg/d)

Works Current 2050 

Cupar 13 17.71 

Springfield 5.53 5.95

Freuchie 1.6 1.3

Catchment system influence

Looking back into the model to the specific variables in the catchment system could 
assist in the identification of future-focussed interventions.  



Bayesian Model Validation

Fitness for Purpose Evaluation Criteria 
Assessed throughout the participatory process. 

Credibility

Salience 

Legitimacy 

Prediction vs Sample

Simulated Reactive Phosphorus Concentrations
in Lower Eden 6200 

Random Sampling Data Collected for 
Reactive Phosphorus Concentrations in Lower Eden 6200 

(Falconi and Palmer, 2017)

States based on WFD standards. 



Key Learnings & Next Steps 

1. Method for conceptually mapping catchment systems. 

2. Considers cumulative impacts of future change on the catchment 
system, under different scenarios.  

3. Participatory approach helps improve BBN model structure. 

Next Steps 

Expand to wider stakeholders in the catchment to test if the BBN can 
be used as a decision support too to inform the identification of future 
focussed interventions. 



Thank You for Viewing

Enjoy EGU 2021 

Any questions, please leave a comment or get in touch: 

kerr.adams@ed.ac.uk
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