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Model and scenario development using Bayesian Network Approach (Liron Steinmetz)

Bayesian Network Approach (| Jl)

Abordagem com Redes Bayesianas

Assessment of the probability and effectiveness of management options or
innovations to describe cause-effect-relationships and to make recommendations for
action on sustainable land management in the Itaparica region in Northeast Brazil.

The study focus was on the determinants behind the adoption of innovations developed
under a scientific project. The specific innovation analysed was intended to benefit both the
environment and local smallholder farmers: namely cultivating a multi-purpose, low-growing,
to the prevailing harsh semiarid environment well-adapted tree species (Spondias tuberosa L.
- so called umbuzeiro). The assessment method was selected as it allows the combination of
qualitative and quantitative data, and can be applied even in data-scarce situations.
Moreover, it allows downscaling from a broad overview to small-scale management.

Knowledge is collected from different disciplines to support decision-making through the
inter- and transdisciplinary approaches of constellation analysis and Bayesian networks. A
Bayesian Network (BN) is a probabilistic graphical model that represents a set of variables

) o ) ; &9g0ll: Itaparica Reservoir, Petrolandia,
(elements, nodes) and their conditional dependencies. There are three input components to a Pernambuco, Brazil, J,l,J!

Bayesian Network: (a) a set of elements representing factors relevant to a particular

environmental system or problem, (b) the links between these elements, and (c) the EFIFE VS IPY- I PONTIPE I JPEN | PN |
conditional probability tables (CPTs) behind each node (element) used to calculate the state e -38.22071, -8.98099

of the node. Collected data and ratings are arranged in a hierarchical Bayesian Network

model in Netica software (Netica 5.12 - freeware up to 15 nodes). 2014 :saudl @,

The creation of a Bayesian Network model is as follows: the objectives and necessary

interventions for the innovation process aimed at sustainable management are 2016 :slgsYl asun
characterized, with scientists arranging a conceptual diagram, including the mapping of cedl g9s

elements. States of the nodes are determined through study of the literature and expert ) ol sl
consultation (by scientists, stakeholders and experts on related topics). In a final step, a c)im/aLp ads 8,5be
sensitivity analysis is performed on the Bayesian Network to highlight crucial nodes with the 2ol oo sl oil6
highest influence on objectives in order to derive actions to be recommended.

Stakeholder participation is the core process of designing Bayesian Networks. In pre-
consultations stakeholders help identifying major influencing factors and relationships.
Assessments are compiled in interview sessions enabling the states of the nodes to be
quantified later. In this case study, the stakeholders were farmers, farmer-supporting
institutions, and expert in soils, vegetation and crops.
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Stakeholder interview in a fruit cooperative (above); Interview questionnaire (below) (Liron Steinmetz)
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The principle of Bayesian Network modelling is the integration of multiple issues and system components, where information from different
sources can be integrated, while also handling missing data and uncertainty. The outcome may be recommendations that support local
management decision-making. As the method is strong in transdisciplinary knowledge integration, it has the potential to become one of the core
methods in environmental management.

cg..JI sl (9 adudaodl wludidl/auaill su9ii o (HSoi idl log uindl
aris Ml Jan9laill/ axcloizVl paillg jaslaoll: None

o adladl wloaxdlg 5,lgadl I Jgsegll/ ,94:: Potential for financial support could be through national small-scale farmer programs; suitable
government-sponsored credit programs, public and governmental institutions such as bulk purchasers of agricultural commodities (for
instance SEBRAE in Brazil).

o (olally s,V plasuianl 99859 1ol V1 6;L>) migilall ,UbLYI: None

o wuall pcull ] Jouoolly o, W aolssimoll 6,bY1 Jo> a9 ,x0ll: Use available free programmes. Use of visual aids such as smileys for
evaluation to make questionnaire more comprehensible.

gl Llb] 58 atadooll olitidl/aaill ssai gani sidl o9 lall

agizall LY lgols &5 ) Lio

a,lgslo paills arinall ol VI
il 832:0ll SLLSI / apxall elgzll o Lo

Sgall oo xS L : omizall LLUI >3 aninall LU gl cuog
Farmers of a resettlement community on dryland;

alzoll wlraizmall/Hgadzall ol Ul gorsiamo Representatives of the indigenous tribe of
Pankararu

Experts in soil and crop sciences; Expert in

O bisinso / rol W asliawall ;b1 Sl 0s vegetation and biodiversity science of the

osliy Caatinga
Institute of Agriculture in Pernambuco (IPA); A
. o ) private company as the hired institution by the
Lall g2iblo pslalazall) dilogll dogSHll
Ll saile o ) asilosl & National Institute for Colonization and Agrarian
Reform - INCRA

Company of plant breeding, seed science
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Simplified work flow of Bayesian Network (BN) showing different steps:

Defining: apply or use already applied constellation analysis (see A_BRAOO3en) for information and visualization of node
setting for the BN model and for stakeholder identification.

Identifying: clarify objectives, implementation factors, interventions, intermediates and controlling factors. Give every
node a state, e.g. date, temperature range, amount of precipitation, or a classification: high / low...

Building: Collect data to fill the conditional probability tables (CPTs) behind every node. Prepare questionnaires, ask
experts and conduct a literature search. Avoid too much states and no more than four nodes indicating the next node.
Finish the model by entering all data in a programme (e.g. Netica). .
Evaluating: Compare different scenarios by changing the state of inputs (e.g. from low to high). Show a baseline (without sl Liron
changes), a most improved and least improved scenario to justify recommendations. Finally, hand over recommended Steinmetz, Verona
actions to stakeholders. Rodorff

Construgdo  Identificagdo  Definicao

Avaliagao

Usa conlusties da B para formuar uma ago
ecamenciads
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The approach was initiated by scientists.
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adll apinall Jasll 9 Detecting decisive factors for an ideal scenario of implementation

1§ 1 Lo ¢
le)___y__' P*/%wj o f;:&‘ﬁoiﬂ b being adopted by land users. For the participants it was interesting to
s likins /0g4la0 O5aloso aols leloisl participate in preparing a joint view of their action space - this is
olyeo generally known in its parts though not with its major
workshops interconnections and complexity. Participants especially
acknowledged this value added for them.
b godl ju jni
b goll sbiwil/ 5y i Wl sgimuoll e Ws Wl Log sliacVlg wldgsumoally ,l93V1g dmmdoll huo.
y N Decisive factors for the adoption of innovations were identified,
W5 ans VL) including favoring cultivation techniques for Umbuzeiro agriculture
il s wibs (e.g. soil additives).
w8 2> Gl ps
el gos Juolaidl yo 2
b
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&l“?yll 7lfL.a;§yI Research on the situation of local action and governance was a major driver for the workshops. University
ﬁngS.-yl alc project members prepared and held the workshops, while also did extended interpretation and integration
L_,,_jy_{_, of results across a number of different workshops.
aolssauadl 8,1LY1 O 9Sa) w0V Y9I asgindl anil juall PN [5.1] FUREIN | a.,,.ll.i.llpl,a.ll,i wloazdl purdti oi
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100,000-10,000 100% o5l Ll ol jslg>

1,000000-100.000

> 1,000,000

Precise annual budget: zlio jut

arolisdl ol pailly I Juls

ceill LT
3
&=
i34
> i%\a\
ool W dolaiuall 6,131 eliss ailuos 3usis cols ol (rosxinnio el 26l b

The different scenarios of the BN tested highlight the good probability of adoption, which then can support sustainable
land management.

Tbolaisly Leloizl dog o)l wliall juSoi 9 el palw Jo
The approach was conducted especially for smallscale farmers without sophisticated irrigation tecniques and as well
for the indigenous tribe Pankararu.

Serio, W aolaiuall 8)bYl liss i colel (il proxsimall $9a> / (ol V1 65l Lilus o8 g ] meidl ol o
The BN model offers alternative sources for soil additives in case land use rights are hindering availability.

Sapaaddl oz / 1)l eVl oz ] zed! I ol Jo
Not inmediately but a long-term influence is possible.

Did the Approach lead to improved livelihoods / human well-being?
The different scenarios of the BN tested highlight the good probability of adoption, which can then benefit the
livelihoods of adopters.
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ﬁﬂﬁiﬁﬁﬂ Lessons learnt (especially on most favorable soil additive mixture)
syl /7 (eleyall) wlsbly xclgall improve effectiveness of potential Umbuzeiro cultivation. Stakeholder
laizVl dwlail/ s laiz Y] Lasiallg anlssll pool of BN-creation comprises business networking opportunities for
Wl /ac gm0 /g9 uiun /S 1> I slowiVl land users.

il oo sll

WVl wlraizally wlhlall
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well-being and livelihoods improvement

8olawiall ywglly o Liiw)
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wloglroll ,xuand Guanansi i wlogleoll gols las agzg lolsell / sisgluadl / camiall bblis

e The combination of input variables from any given background is sl ar2.Siloglaall ruand Guranni 1 oVl Go out ,i
possible.

e Via Bayesian networks changes to the modelled system can be e The statistical component of the Bayesian network approach can
tested prospectively. The space and potential effects of be hard to grasp for less educated or near-illiterate stakeholder
management options can be shown to decision makers. groups. Percentages of probability estimations can be translated

e Combining Bayesian networks with Constellation Analysis allows to a graphical equivalent (e.g. gradual scale of emoticons).

easy determination of major nodes of the model and supports the
process of decision-making for sustainable land management
activities; methods proved to be very transdisciplinary.
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Verena Rodorff (verena.rodorff@tu-berlin.de) - ol ,W aslaimall 8,15Y1 (8 Lowazis

Marianna Siegmund-Schultze (m.siegmund-schultze@tu-berlin.de) - (ol ,W dslaiwall &,1Y] 9 paazio
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e Book project: Making sense of research for sustainable land management (GLUES)

anunill g=1,0]1

e Rodorff V., Steinmetz L., Siegmund-Schultze M., Képpel J. (2015) Using Bayesian networks to depict favouring frame conditions for sustainable
land management: Umbuzeiro-tree planting by smallholders in Brazil: Session: Methods, tools and impact applications. Tropentag
‘Management of land use systems for enhanced food security - conflicts, controversies and resolutions’, September 16 - 18, 2015, Humboldt-
Universitat zu Berlin, Berlin, Germany

iVl e 69510l aball wls wloglroll laslg,
e Innovate project information: http://www.innovate.tu-
berlin.de/v_menue/subprojects/sp7_decision_support_approach_and_project_coordination/sp7_rm1_decision_support_approach/parameter/en/
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