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Bayesian Belief Networks, A Cross Cutting Methodology in OpenNESS:
Briefing Note, September 2013
Roy Haines-Young, David N Barton, Ron Smith and Anders L Madsen

1. Introduction: What is a BBN?
Bayesian Belief Networks (BBNs) have been identified as one of the cross-cutting themes within
OpenNESS. The purpose of this briefing note is to introduce the concept and the kinds of analysis it
can support within the Project, and to stimulate discussion and collaboration across the work
packages. More detailed explanations and general information on BBNs can be found in Kjærulff and
Madsen (2013) and Cain (2001).
Cain (2001) defines a Bayesian Belief Network as a ‘graphical tool for building decision support
systems to help make decisions under uncertain conditions’. The key phrase to focus on in this
definition is ‘uncertain conditions’. As Cain points out, BBNs were originally developed to allow the
impact of uncertainty about management systems to be accounted for, so that decision makers
could balance the desirability of an outcome against the chance that the management option
selected might fail. The representation of a system in terms of a set of relationships that have
probabilities associated with them is at the heart of the Bayesian approach.
An example of a simple model that might form the basis of a BBN is shown in Figure 11. If we think
about the sorts of things that might influence agricultural yield, for example, then these might
include water supply and fertiliser applications. The amount of water applied to the crop might, in
turn, be influenced by such factors as soil type and the level of irrigation. Figure 1 shows this
diagrammatically, in what is technically called a ‘Directed Acyclic Graph’ (DAG). Constructing such a
graph is usually one of the first steps in building a BBN.
Figure 1: Example BBN to predict yield given management inputs (modified from Cain, 2001)
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You can also find this network on the OpenNESS-Hugin website at: http://openness.hugin.com/example/cain_yield
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The variables in the DAG shown in Figure 1 are also called ‘nodes’; the term ‘variable’ and ‘node’
mean the same thing. The relationships between the variables are shown as a set of arrows or links.
These simply set out the connections between the variables; they show what influences what. The
direction of the arrows describes what we think the probabilistic relationships are within the system.
In Figure 1 each of the nodes are shown as being able to take various states. In the HUGIN software
used to construct this network, the states can be seen in the associated ‘monitor windows’. This
network is obviously a very basic one. Thus yield is simply represented as ‘good’ or ‘poor’, or soil
type can be ‘sandy’ or ‘clay’. The monitor windows show the state of each node as a ‘belief bar’,
which shows the probability that the variable (node) is in a particular state. What the BBN allows us
to do through the links, is to assign conditional probabilities to the states of the different nodes,
showing their dependencies on the nodes that feed into them. These probabilities are held in
Conditional Probability Tables (CPTs) that underlie each node. In the example the tables that define
the response of yield and crop water application are shown in Figure 2.

Figure 2: Conditional probability table (CPT) for the yield node in example network

The effect of assigning these probabilities on these two nodes is shown in Figure 3. If we have
evidence, for example, that the correct amount of fertiliser was used and the irrigation application
was high then the BBN shows the probability of a good yield to have increased to 0.75 (Figure 3a).
We specify that the correct amount of fertiliser was added by setting the probability of ‘enough’ to
100% - this added ‘evidence’ is indicated by the red bar in Figure 3. If on the other hand we know the
soil type, and this extra evidence would propagate through the network to change the outcome
(Figure 3 b & c). On sand the probability would be 0.74, while for clay it is 0.76.
One of the other interesting features of a BBN is that we can look at the kinds of condition that
would lead to a particular outcome. Thus in Figure 3d, we have selected ‘poor yield’ (by setting it to
100%, meaning we are only interested in this outcome state) and the network can help us identify
what kinds of condition might lead to such a result.
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Figure 3: Exploring the impact of evidence using the simple yield model
a.

The effect of evidence for fertiliser and irrigation

c. The effect of alternative evidence for soil type

b. The effect of additional evidence for soil type

d. Exploring the conditions that might lead to poor yields
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Cain (2001) suggests that when building BBNs it is often easier to start off by putting the variables
that you are dealing with into different categories (see Figure 4). Not all categories have to be
present in every DAG – you have to tailor the network to the problem you are dealing with.
However, usually there is a set of nodes that represent outcomes of some type and another set of
inputs. To help you recognize the different types of node you can look at the relationships defined
by the arrows in a BBN. The arrow is said to run from a ‘parent’ node to a ‘child’ node. The nodes
that are only ‘parents’ (i.e. only have arrows leaving them) are usually controlling factors or
interventions. By contrast, those nodes that are ‘children’ only have arrows leading into them; these
are often objectives. The intermediate factors have both parent and child relationships.

Figure 4: Types of node in a BBN (after Cain, 2001)

2. BBNs in OpenNESS
BBNs have been used widely in the natural and social sciences to model various phenomena, and
more recently to model ecosystem services (see for example, Barton et al., 2012; Haines-Young,
2011; Kuikka et al., 1999; Landuyt et al., 2013; McCann et al., 2006).
Some advantages of using BBNs for modelling scientific and local knowledge include:
 promoting social learning processes between scientists and local resource managers through
joint building of causal networks to describe a decision problem;
 integration of different types of information on causal links and conditional probability
tables and distributions, based on observations, model simulation or expert judgments and
beliefs;
 use of a causal network as a ‘meta-modelling tool’ to link sub-models from different
biophysical and social knowledge domains (for example driver-pressure-state-impactresponses model chains);
 explicitly acknowledging uncertainty by modelling all links between models as conditional
probability distributions; and,
 providing a tool for decision analysis under uncertainty, including cost-benefit and costeffectiveness analysis.
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In OpenNESS we will explore these and other advantages:


In WP1: BBNs will be used to explore and operationalize different sorts of conceptual
models that can help people address the four challenges that are the focus of OpenNESS
(well-being, governance, sustainable management of ecosystems and competitiveness). For
example, it might be one way of operationalizing the cascade model. The challenge would be
to build a network for a particular application that included representations of all the
conceptual elements shown in. BBNs are often developed with stakeholders through a
participatory process, and so one output from the BBN Cross-Cutting work in relating to the
needs of WP1 could be some guidelines about how to ‘story-board’ a problem and develop
‘rich pictures’ and influence diagrams that can form the basis of model development.

Figure 5: The cascade model as a template for operationalising a BBN (modified according to Potschin and
Haines-Young, 2011)

WP1 will also provide some simple BBN tools to help people operationalize their thinking
about ecosystem services. Two initial applications are available on the OpenNESS-HUGIN
website, dealing with classifying ecosystem services and modelling service outputs given the
biophysical characteristics of different habitats2.
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In WP2: BBNs could be used to help with the work on participatory scenario development,
as well as the conceptualisation of regulatory frameworks. In particular it can help identify
the kinds of policy information that is needed for input to the valuation method used in
WP4. Examples of using BBNs for participatory scenario development are provided by
Henriksen et al. (2011) and Haines-Young (2011).

See: http://openness.hugin.com/example/cices and http://openness.hugin.com/example/habitat
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A particular feature of BBNs is that they can let people use a ‘back-casting’ approach in their
scenario work. BBNs allow the user to identify ‘target states’ and then explore the sorts of
pre-conditions that would need to be achieved if these desired outcomes are to be realised,
through the causal links captured in the BBN. This kind of work may help link to the other
work in WP2 on regulatory frameworks and the analysis of the implications of different
policy response options.


In WP3: BBNs could be used to
Figure 6: BBNs have been used as a ‘metaconceptualise
and
model
the modelling’ tool for integrating a cascade of DPSIR
relationships between the biophysical models, familiar from integrated environmental
assessments, and conceptually similar to
characteristics of different ecosystems
ecosystem service cascades.
and their capacity to deliver different
types of service, and how different
Driver
drivers of change may impact on them
(Figure 6). The BBNs could therefore
serve as a ‘meta-model’ integrating
Pressure
data from different sources, or for
capturing the results of analyses and
systematic reviews in ways that can be
State
explored dynamically by the user. They
could also help identify what
biophysical mapping and modelling is
Impact
required as input to the valuation
method used in WP4. An example of
BBNs as meta-modelling tool is
Response
provided by Barton et al. (2008).
Further examples (e.g. Smith et al.,
20123) can be found on the OpenNESS-HUGIN website.
To take this kind of work forward we need to identify which OpenNESS case studies are
using several dynamic models that need to be integrated with each other to gain a more
holistic picture of a situation. BBNs may be able to provide a kind of interface between
systems so that results can be translated or transferred between systems. This kind of work
will need to link to the activities in WP1 on the classification and measurement of ecosystem
services through CICES; for example, a BBN might be used to help people represent the ways
a final ecosystem service is linked to the ecosystem goods and benefits that are
subsequently valued.
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See also: http://openness.HUGIN.com/example/smith_fig2
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WP4: The focus of the initial work in OpenNESS will be on operationalizing the conceptual
framework that forms the basis of WP4 (see Figure 7). In terms of the four challenges the
work with BBNs will attempt to:
o identify how BBNs can integrate the different approaches to modelling human
preferences in monetary valuation methods (e.g. choice experiments) versus nonmonetary valuation methods (e.g. deliberative valuation in multi-criteria decision
analysis);
o explore how BBNs can be used as an “integrated” or “hybrid” valuation method that
accounts for relationships between biodiversity and ecosystem function (WP3) and how
these affect valuation;
o examine how the uncertainty in biophysical models and valuation methods can be
modelled jointly in the evaluation of the cost-effectiveness and cost-benefit of policies;
o explore how BBNs can be used with MCDA (Multi-Criteria Decision Analysis) techniques
to represent conflicting stakeholder interests in decision support; and,
o understand the different roles BBNs can play in different valuation decision-support
settings (involving different spatial and temporal scales, thematic resolutions, and
governance contexts) (Figure 7).
Figure 7: OpenNESS valuation framework

In order to take this work forward we have identified the need to link up with the work being
done under the MCA cross-cutting theme in OpenNESS. We also need to broaden the
understanding within the consortium about how BBNs can specifically be designed to include
‘decision nodes’, by organising workshop activities.
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WP5: The application of BBNs in the context of the case studies is open-ended, and we will
be looking to find some ‘real-world’ situations where we can test ideas and explore the
extent to which expertise and knowledge can be transferred between different areas. Some
of the early work with WP1, for example, will be to try to use BBN to ‘story-board’ the issues
being considered in the case studies in terms of the different influences and the ways they
can be measured or characterised. As a first step those working on the cross-cutting BBN
topic will identify some case studies that can be used to show some the steps needed to
construct a network; the guidelines would start with the use of participatory or deliberative
methods to create the initial qualitative descriptions through to the ways the network might
be calibrated.
WP6: One of the particular advantages of BBNs is that they can help transfer and
operationalise knowledge, and so they will be especially interesting to WP6. The partnership
with HUGIN will help ensure that many of the BBNs developed during the Project are made
available via the internet during and after the Project.

3: The OpenNESS HUGIN Platform
Visit the OpenNESS-HUGIN platform: http://openness.HUGIN.com/. HUGIN are using a development
version of the software for OpenNESS, to design and test the new concepts and methods that will
emerge from the Project. A particularly active area will be using BBNs as a mapping tool and for
spatial analysis. A further topic will be to investigate how temporal processes can be analysed, say
using BBNs to represent different time slices; Dynamic Bayesian Networks (DBN) allow variables to
be time dependent and therefore can be used to predict future states of a system We anticipate that
the OpenNESS case studies will present many complex problems and another area of interest will be
to see how networks dealing with different issues can be linked as a series of nested sub-nets.
The OpenNESS-HUGIN platform is hosting a user forum so that consortium members can share their
experience in building and using BBNs and the HUGIN software. By following the links4 you can
participate in the discussions; to register please contact forum@hugin.com.
The Table below lists the examples that are currently on the OpenNESS-HUGIN website, and links to
them. The Table also links to two other projects that cover topics that might be of interest to the
OpenNESS Consortium. Other examples will be added to this resource as the Project goes forward.
Examples

Link

Impact of Subsidy Policy and Market Price on the
Number of Cattle
Predicting Yield at the Farm Level
Free-ranging Cheetah Population in Namibia
Modelling Ecosystem Service Outputs Using Habitat
Characteristics
Classifying Ecosystem Services
What is a BBN?
Other projects

http://openness.hugin.com/example/smith_fig2
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http://openness.hugin.com/example/yield
http://openness.hugin.com/example/cheetah
http://openness.hugin.com/example/habitat
http://openness.hugin.com/example/cices

http://openness.hugin.com/example/cain_yield

The forum is athttp://forum.hugin.com; OpenNESS is located under “European Commission Research and Development
Projects”. The direct link is: http://forum.hugin.com/index.php/board,27.0.html
8|P a g e
OpenNESS Grant Agreement no: 308428 - http://www.openness-project.eu/

Cultural Ecosystem Services and the UK National
Ecosystem Assessment
FunciTree Project
Examples on website as of September 2013

http://nea-scenarios.hugin.com/
http://funcitree.hugin.com/
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