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Bayesian Networks in riparian ecosystem management

What are Bayesian Networks (BN)?

Probabilistic graphical models that determine the cause-effect relationships between variables
(nodes); links between parent and child nodes are defined by a set of conditional probabilities
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= Causal relationships between variables
» Unidirectional arrows (no loop back)
= Node states: categorical / discretized

CONDITIONAL PROBABILITY TABLES (CPTs)
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Child Node
Conditional Probability Table

RF | FC P (WA=High|RF,FC) P (WA=Low|RFFC)
High | High | 0.950 0.050
High | Low | 0940 0.060
Low | High | 0.290 0.710
Low | Low | 0.001 0.999

» Quantitative description of the relationships
» Avoid complex models that imply complex CPTs

Ames, D. P., Neilson, B. T., Stevens, D. K., & Lall, U. (2005). Using Bayesian networks to model watershed management decisions: an East Canyon Creek case

study. Journal of hydroinformatics, 7(4), 267-282.
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INTRODUCTION Bayesian Networks in riparian ecosystem management

What can BN offer to research and management of riparian ecosystems?

Interdisciplinarity

» Integrate multiple system components
= Include different information sources

Deal with limited data

» Integrate different types of information (e.g. expert judgement, literature review, empirical

data)
= Allow progressive improvement and continuous updating to include new advances in the

state-of-the-art or new data

Communication to stakeholders

= Graphical output easily interpretable
= Modular architecture
Barton, D. N., Saloranta, T., Moe, S. J., Eggestad, H. O., & Kuikka, S. (2008). Bayesian belief networks as a meta-modelling tool in integrated river basin

management—Pros and cons in evaluating nutrient abatement decisions under uncertainty in a Norwegian river basin. Ecological economics, 66(1), 91-104.
Chen, S. H., & Pollino, C. A. (2012). Good practice in Bayesian network modelling. Environmental Modelling & Software, 37, 134-145.
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INTRODUCTION Bayesian Networks in riparian ecosystem management
: *
Some examples....

Integrated Environmental Assessment and Management — Volume 8, Number 3—pp. 462-472
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Bayesian belief networks as a meta-modelling tool in

A Bayesian Network Model for Integrative River integrated river basin management — Pros and cons in

Rehabilitation Planmng and Management evaluating nutrient abatement decisions under uncertainty in
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INTRODUCTION . Participatory tools for expert knowledge

Define the objectives of the study
Define the purpase of the facus group

Devedop o fst of key quastions {sehaduks)

Some participatory tools
b Idenfify and recrull padicipants

Ensure homogenous compasition [gender, educalion, languoge. ele) *

Decide on the number of porlicipants, (415, overracnst by 10-25%) H

ldentify cnd recruit a tacliater and an assstant [lexible, observant)
Decide on number of focus groups

. M.« Interviews, Delphi method st /

Aronge matedals [recording aquipment, consent fomas, nome fags)

T e = Statistically representative sample of a broad
: population :
00 " Focus group ot e 5 s s, scoment g

Record duratien of sach meeling

@) L : :
@ ) = Selected group of individuals that discuss a particular T et conki ity gt

. Discouss [record and abserve discusson, probe, pauss, reflect, abserve noneverbol cues)
t O p I C Trock guestions for complation and follow up on thames of discussion
Concude [acknewledge porieiponis)

OOO ]
’ Focus groups " <" e

Listing/renking

Coding [key ideas, fhemes)
Contant analyss

= Dedicated groups of experts in target paths of the network that match Swcome o

their expertise !
= 3-20 participants + moderators o
» Perspectives regarding conservation; assessment of conservation,; \ ! v

challenges of resource management interventions.... (e ) (e ) (rmmerens]
Nyumba et al. 2018

O.Nyumba, T., Wilson, K., Derrick, C. J., & Mukherjee, N. (2018). The use of focus group discussion methodology: Insights from two decades of application in conservation.

Methods in Ecology and evolution, 9(1), 20-32.
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CASE STUDY ADnet — predicting vulnerability to alder decline

Alder decline in Europe
< =

The invasive pathogen Phytophthora xalni

= Qomycete; 90s in N Europe; now extended in C and S Europe

» Massive decline and mortality

Threat to alder riparian forests

» Emergent diseases add to previous threats by human activities and
climatic alterations

y P | otk
7 . £ e . [ occurrence reported
- Il substantial damages reported

Bjelké et'n al. 2016 Freshwater Biol 61(5):
565-579

= Threaten ecological functions (e.g. N, fixation, biodiversity
maintenance)



CASE STUDY ADnet — predicting vulnerability to alder decline

@
What is the ADnet (ALNUS DECLINE net)?
» Predict the vulnerability of alder forests to P. xalni

» Field data, bibliography and expert knowledge

= Panel of experts (19 researchers, 12 institutions, 6 countries) in plant pathology, riparian ecology,
ecophysiology



CASE STUDY ADnet — predicting vulnerability to alder decline
Workflow O_0 D
F‘%’ﬂ =| Meeting

First expert meeting:
Focus groups discussion

tS 7 & I

Introduction to ¢

ADnet Second expert meeting:

finalization and - ADnet validation
evaluation
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CASE STUDY ADnet — predicting vulnerability to alder decline
What were the main limitations encountered?
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= Probabilistic nodes (discrete variables)

= Equation nodes (equation that describes the interaction of continuous

variables)
= Deterministic nodes (probabilities 0 or 1)

High complexity of the Conditional Probability Tables

= Division of the model in submodels
= Synthetic nodes
= Limit the number of links to a child node to 3-4

Discretization of continuous variables

é

Probability
¥

i

Tem p O ral a.n d g eO g rap h I C al S Cal e N Average temperature of the coldest month (° C) ’

= Model scales must be defined to homogenize the temporal and
spatial scales and the resolution of the nodes (specially challenging

when integrating different data) S— —
= Geographical filter node [ orea ForesElTaia Eoy e _
Temperate Broadleaf & Mixed Forests Central Europe (France, Germany, Austria, UK,
S . ] — I u%mm EK) and Northem Iberian Peninsula
Specific area of knowledge with few experts and available data MedtoraneanForets Vioodands £ Sens | S Prigal Sodm Sy, Cori 1
Temperate Grasslands, Savannas & Shrublands Romania, Ukraine, Bulgaria =
= Focus groups :

b @ -
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CONCLUSIONS AND PROSPECTS

High potential of BN and FG to support riparian ecosystem management

= Deal with limited and heterogeneus data, interdiscipinarity

. = Graphical output easily used by stakeholders for ecological risk assessemnt, management
assessment, etc.

Case study - Alder Decline net (ADnet)

= Alder decline due to P. xalni — need to prioritize areas for conservation to facilitate management
= Predict the vulnerability of alder forests to the pathogen, taking into account interacting abiotic,
biotic and social factors

» Interdisciplinar and international panel of experts — 2 consultation rounds

Leasons learned from the case study

= Limit ADnet complexity to facilitate CPTs completion
= Inclusion of equation nodes for continuous variables
= Focus groups to deal with very specific information and reduced availability of experts and data



Acknowledges

" Thank you for your attention!

This study is funded by Portuguese Foundation for Science and Tecnology (FCT) through
ALNUS project (PTDC/ASP-SIL/28593/2017). Inés Marques was funded by FCT with the grant
SFRH/BD/133162/2017, Patricia M Rodriguez-Gonzalez was supported by FCT through the CEEC
Individual programme grant number 2020.03356.CEECIND, and CEF by UIDB/00239/2020.

Contact: cristinavieites@isa.ulisboa.pt

FCT

Fundacao
para a Ciéncia
e a Tecnologia

nwagzpp



mailto:cristinavieites@isa.ulisboa.pt

