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

Bayesian Network Approach (bpasunus)
Abordagem com Redes Bayesianas

OlMNCAHNE

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 (elements,
nodes) and their conditional dependencies. There are three input components to a 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 conditional probability
tables (CPTs) behind each node (element) used to calculate the state 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).

The creation of a Bayesian Network model is as follows: the objectives and necessary
interventions for the innovation process aimed at sustainable management are characterized,
with scientists arranging a conceptual diagram, including the mapping of elements. States of
the nodes are determined through study of the literature and expert consultation (by
scientists, stakeholders and experts on related topics). In a final step, a sensitivity analysis is
performed on the Bayesian Network to highlight crucial nodes with the 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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bove); Interview questionnaire (below) (Liron Steinmetz)

LEAN MOAXOAA U BNIATOMNPUATHBIE YCNOBUA A4 ETO PEAJTUSALINA

FnaBHble Lenw/ 3apaun MNMogxopaa
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.

\ — o\ 2
Stakeholder interview in a fruit cooperative (a

YcnoBus, cofericTByoLme npumMeHeHnto TexHonormn/ TexHonoruvii B pamkax Noaxoaa
L] Coumanbublel Kyanypm,leI pennrnosHbieé HOpMbl U LLEHHOCTU! None

e Hanunune/ pocTtynHocTb $pMHaAHCOBBIX pecypcoB 1 ycnyr: 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).

e HopmaTuBHO-NpasoBas 6a3a (3emneBnageHuve, rnpasa Ha 3em/e- 1 Bogonosib3oBaHune). None

e OcBeAOMNIEHHOCTb B o6nacTu Y3I1, AOCTYNMHOCTb TeXHUYeckoi noaaepxkm: Use available free programmes. Use of visual aids such as
smileys for evaluation to make questionnaire more comprehensible.

YcnoBwus, 3aTpyaHSOLLMe NpMeHeHne TexHonoruw/ TexHonoruiia B pamkax NMoaxoaa

YYACTWE W PACMPEAE/IEHNE POJIEN 3AVHTEPECOBAHHbBIX CTOPOH

3aVIHTep8COBaHHbIe CTOPOHBI, y4YacTByHwLUME B peainsayun Moaxopa, u nx ponu
Kakue 3anHTepecoBaHHbI€ CTOPOHbI/

OpraHM3auun-ncrnosIHUTENN y4acTBOBaIv B MepeuncnnTe 3anHTepecoBaHHbIE CTOPOHbI onuwmnTe poan 3anHTepPecoBaHHbIX CTOPOH
peannsauuu NMoaxopa?

Farmers of a resettlement community on dryland;
Representatives of the indigenous tribe of
Pankararu

MeCTHble 3eM/1ernosib30BaTeN/ MecTHble
coobLecTBa

Experts in soil and crop sciences; Expert in
vegetation and biodiversity science of the Caatinga

Institute of Agriculture in Pernambuco (IPA); A

aKcnepThbl Mo Y31/ ceNbCkoMy XO3ANCTBY

rocyfapCcTBeHHble BNacTy (OTBeYatoLLe 3a private company as the hired institution by the
NAaHNPOBaHME UV NPUHSATNE peLLeHNii) National Institute for Colonization and Agrarian
Reform - INCRA

Company of plant breeding, seed science
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YyacTme MeCTHbIX 3eMenonb3oBaTtesneil/ MecTHbIX COOGUJ,eCTB Ha pa3HbIX CTagunax peanuvsaymu Moaxopa

S

=y

28

b g gz

sExel

2L oao

S 3 <Lo o

Qo O &k S

o @ I O I &

I CmCcC S U
VHVLMMPOBaHMe/ MOTUBA LA Interviews

nnaHupoBaHvie

BbIMO/IHEHVE Interviews
MOHUTOPWHI/ OLeHKa Interviews

Cxema peanusauum Nogxopa

Simplified work flow of Bayesian Network (BN) showing different steps:

Defining: apply or use already applied constellation analysis (see A_BRA0OO3en) 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
changes), a most improved and least improved scenario to justify recommendations. Finally, hand over recommended
actions to stakeholders.

MpuvHATMe pelueHnii no Bbi6opy TexHonorvm Y3

Construgdo  Identificagan  Definicao

Avaliagao

AsTop: Liron
Steinmetz, Verona
Rodorff

PelleHna npuHmanncs MpuHATME peLleHni 66110 OCHOBaHO Ha
NCKIHOYNTENIBHO 3eM1enob3oBaTenn (Mo COb6CTBEHHOW aHanu3 NogpobHO OMMCAaHHOIO OMbITa U 3HaHWM No Y31 (npuHATne
nHMLMaTVBe) peLueHniA Ha OCHOBE NMOATBEPXAEHHbIX GakToB)

B OCHOBHOM 3eM/1€N0/Ib30BaTe/IN NpU NojgaepxKe crneynanncTtos rno pesynbTaThbl VICCﬂe,CI,OBaHVIVI

y3n JNINYHbIA OMNbIT U MHEHWS (He3a40KYMEHTUPOBaHHbIE)

BCE YYaCTHVKM KaK 4acTb NPOLLecca COBMECTHbIX AeNCTBUlA
npevMyLLeCcTBEHHO crneLmanmcTbl no Y3 nocne KOHCyNbTaumii
3emMnenoNb30BaTeNIMN
NCKNHOUUTENBHO CreumanmcTbl no Y3l
NONUTVKW/ PYKOBOAUTENN

The approach was initiated by scientists.

TEXHUYECKAS NOAAEPXKA, MOBBILIEHVE KOMMETEHLMW 1 YNTPABNEHUE 3HAHUSAMM

CnepytoLime MeponpuaTma nnm paboTel ABNAAUCL YacTbio Moaxoaa
MoBbILLEHVE KOMMNETEHLWIA/ 06yyeHvie

KoHCynbTaLmoHHbIe Yy

VHCTUTYLUMOHa I bHas (opraHv3aLmoHHas) noasepxxa

MOHUTOPUHT 1 OLleHKa

HayuHble ncciegoBaHus

NNN

MoBbiLeHMe KoMNeTeHUUA/ 06y4veHne

O6yueHue 6b110 Tuin 06yueHunn PaccmaTtpriBaembie TeMbI
MPeAOCTaB/IeHO CieayolnM zgﬁfﬁ gsg%ﬂ Mexay Detecting decisive factors for an ideal scenario of implementation
3aUHTEpeCcoBaHHbIM MLaM bepmepamm being adopted by land users. For the participants it was interesting to
fﬂi":gﬁ;;":j"?:;:g/” ONbITHbIE YUaCTKY participate in preparing a joint view of their action space - this is
KOHC anaHprI obLve cobpaHus generally known in its parts though not with its major interconnections
y KypCbl and complexity. Participants especially acknowledged this value added
workshops for them.

MHCTUTYLUMOHanbHaa nogaepxka
Kakvne nHcTutyumoHanbHble Ha ypoBHe OnuwmnTe opraHusaumio, yHKLMN N OTBETCTBEHHOCTb,
CTPYKTYpPbI 6b11U YKpern/ieHbl MeCTHbIe . UJIeHCTBO U T.A.
WV BHOBb CO3/aHbl pernoHanbHLIN Decisive factors for the adoption of innovations were identified,

HeT HauvoHaneHbIN including favoring cultivation techniques for Umbuzeiro agriculture

/la, HeMHOro (e.g. soil additives).

43, ymepeHHo

Jia, CyLLleCTBEHHO

Tvn noapep>xKn Noapo6Hee
durHaHcoBas

MoBbILLIEHME KOMMeTeHLui/ obyyeHmne
obopyaoBaHue

MoOHUTOPUHT 1 oueHKa
Wocat SLM Approaches Bayesian Network Approach
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Hayu4Hble nccnepgoBaHus
HayuHble ccnegoBaHNa MPOBOAVANCH MO CAEAYHOLLMM TEMaMm
coumonorus

3KOHOMWMIKA / MapKeTUHT
3KoNIorVist

Research on the situation of local action and governance was a major driver for the workshops. University
project members prepared and held the workshops, while also did extended interpretation and integration

TeXHONOMVS of results across a number of different workshops.
OVHAHCNPOBAHWE N BHELLIHAA MATEPUAJIBHAA TTOA4EPXKA

lFopoBoi 6rogykeT meponpusTuia no Y3 B gonnapax CLUA 3emsienonb30BaTeNsM 6bl1M OKa3aHbl/MpPeAoCTaB1eHbI

<2000 German Federal Ministry of cneaytoLme yoIyr Uiy Mepbl CTUMY/IMPOBAHMS
2000-10000 Education and Research (BMBF) dUHAHCMPOBaHVE N BHELLHAA MaTeprasbHas noagepxka,
10000-100000 100% npejocTaBasgemMas 3eMnenonb308aTeNsim
100 000-1 000 000 CybCuann Ha OTAENbHbIE 3aTpaThbl
> 1000 000 KpeauntosaHue

Precise annual budget: H/n [lpyrvie MeToAbl WAV UHCTPYMEHTbI CTUMYTMPOBAHUS

AHAJTNS BNINAHNA N SAKJTKOYUTE/IBHBIE NMOJIOXEHWA

BnusHwue MNMoaxopa

2
I
- I >0
28&&
Cymen v MNogxoA NoMoYb 3eM1ernoib30BaTeNaM BHEAPUTE U MOAAEPXMBATE TexHonormm Y3I1?
The different scenarios of the BN tested highlight the good probability of adoption, which then can support sustainable
land management.
Cymen nu MoaxoA paclunpuTb BO3MOXHOCTM COLMANbHO U SKOHOMUYECKN YS3BUMbIX rpymnm?
The approach was conducted especially for smallscale farmers without sophisticated irrigation tecniques and as well
for the indigenous tribe Pankararu.
Cymen nu Moaxos paspeLumnTb NpaBoBble NpobaemMbl 3emneBnajeHVsi/ 3eMn1enonb30BaHUs, NpensTCcTBYyoLMe
1ICNONb30BaHNIO TexHonorui Y3M?
The BN model offers alternative sources for soil additives in case land use rights are hindering availability.
Cymen nn MoaxoA cnocobCcTBOBaTL YAYULLEHMIO MPOAOBO/IbCTBEHOM 6e30MacHOCT/ KavecTBa NUTaHNA?
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.
OCHOBHbIe MPUYUHbI, NO6Y>XAaloLLMe 3eMienonb3oBaTenei JlonrocpoyHas ycToiiumMBoCcTb MeponpuaTuii B pamkax Noaxoaa
BHeApATb Y3I MoryT 11 3emnenonb3oBaTeNV CAaMOCTOATENBHO (63 BHeLLHel
POCT NPOAYKTUBHOCTU noAAep>Xkr) NPoAo/IKaTk MPUMEHEHMEe TOro, YTO 6bIJIO peanr3oBaHo B
POCT NpUGLINY (JOXOAHOCTY) N PpeHTabenbHOCTY pamkax Moaxopa?
CHIXeHWe JerpajaLunm 3eMenb HeT
CHDKEHME prCKa KaTacTpoduyeckmx NOroHbIX ABAEHNIA aAa
CHXEeHVe 06bEMa pa60T HeT yBepeHHOCTM

MaTepuranbHoe CTUMYIMpPOBaHue/ cy6cmamm

HOPMaTMBHO-MPAaBOBOe PeryMpoBaHie (LUTpadbi)/ KOHTPOSb Lessons learnt (especially on most favorable soil additive mixture)

NpecTux, 06LLEeCTBEHHOEe JaB/ieHne/ CONUAaPHOCTb improve effectiveness of potential Umbuzeiro cultivation. Stakeholder
NPUYaCcTHOCTb K ABWXEHWIO/ MpoekTy/ rpynne/ ceTn pool of BN-creation comprises business networking opportunities for
JKonornyeckas cosHaTebHOCTb land users.

Tpagnuun n BepoBaHUA, HpaBCTBEHHbIE LEHHOCTU
npuobpeTeHve 3HaHUA 1 onbITa B obnacty Y3I
ynyduleHve 3CTeTNYeCcKkomn npmB€KaTe/IbHOCTN
CHUXEHWe OCTPOTbl KOHPINKTOB

well-being and livelihoods improvement

3AKTFOUYNTE/IbHBIE MOJTOXEHWSA 1 M3B/IEYEHHBIE YPOKW

CrNbHbIe CTOPOHbI: MO MHEHMIO 3eM1enob3oBaTenel Cnabble CTOPOHbI/ HEAOCTATKU/ PUCKI: MO MHEHVIIO

CUNbHble CTOPOHbI: MO MHEHUIO COCTaBUTeNs U 3eMJienosib30BaTeNeliBO3MOXHbIe nyTun npeojoneHus

OTBETCTBEHHbIX CNeLVanncToB Cnabble CTOPOHbI/ HeA0CTaTKN/ PUCKW: MO MHEHUIO COCTaBUTENS
e The combination of input variables from any given background is VI OTBETCTBEHHbIX CMeLVaincToOBBO3MOXHbIe NyTH
possible. npeoAosieHns
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.

Wocat SLM Approaches Bayesian Network Approach 4/5



CIMPABOYHbLIE MATEPVAJIBI

CocTtaBuTenb Editors PeueH3eHT
Verena Rodorff Deborah Niggli
Mpoao/mKNTENbHOCTL NpMeHeHUs TexHonormm: 20 mapta 2017 r. MocnepHee o6HoBNeHMe: 23 aBrycta 2017 .

OTBeTCTBEHHbIEe cneymanucTbl

Verena Rodorff (verena.rodorff@tu-berlin.de) - Cneumannct no Y3l

Marianna Siegmund-Schultze (m.siegmund-schultze@tu-berlin.de) - Cneuvanuct no Y311
Liron Steinmetz (steinmetz@tu-berlin.de) - Cneypanuct no Y3rl

MonHoe onucaHuve B 6a3e gaHHbIx BOKAT
https://qcat.wocat.net/ru/wocat/approaches/view/approaches_1975/

CBsi3aHHbIe gaHHble no Y3I
H/N

,U.OKyMeHTI/IpOBaHI/Ie OCYyLLEeCTB/IANO0Ch Npu yyactun

OpraHusaums

e H/N

Mpoekt

e Book project: Making sense of research for sustainable land management (GLUES)

KntoueBbie ccbi/ikn
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

CcbI/IKM Ha MaTepuranbl Mo TeMe, AOCTYMNHbIE OHNAH
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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