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The use of future analysis and 
Bayesian Belief Network 
models in Greenland



Welcome

Capacity-building in Arctic StandardisationDevelopment (CAPARDUS)

ÅEU-funded capacity-building project with the aim to:
Å Establish a comprehensive framework for development, understanding and 

implementation of Arctic standards. The framework will integrate standards used by 
communities active in the Arctic including research and services, indigenous and local 
communities, commercial operators and governance bodies. This will support 
sustainable economic development, safe activities, emergency prevention and 
response, and improved understanding and conservation of the environment.

ü Build capacity in Arctic standardization through workshops and research schools

ü Workshop with focus on natural resource management in Greenland



Welcome

Future Arctic livelihoods and biodiversity in a changing climate.

ÅBiodivERsAfunded project guided by the overall question:

What are the likely future impacts and adaptation possibilities for 
small-scale primary resource users in Greenland, Northern Sweden and 
Norway in the face of climate and biodiversity change?

Å In Greenland the project will - assess the implications of climate change 
for biodiversity and the welfare of Greenlandés traditional hunters and 
fishers by:

Å quantifying reliance on wildlife and fish at the household and national economic level

Å assessing welfare implications in future scenarios of biodiversity change and 
development in other sectors

Å making maps facilitating optimisation of strategic investments in social services 
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Morning session program ä10-12 äPresentations
Time Program Presenter

10:00-10:05 Welcome and program Roel May / Martin Reinhardt 

Nielsen

10:05-10:20 Sustainable development and natural resource 

management in Greenland 

Roel May / Martin Reinhardt 

Nielsen

10:20-10:35 Participation in natural resource management: 

Community based monitoring and co-

management 

Roel May / Martin Reinhardt 

Nielsen

10:35-10:50 Assessing social-ecological systems, future 

scenarios for sustainable development ςthe use 

of Bayesian Belief Network tools

Roel May

10:50-11:00 Automatic bird detection and species 

ŘŜǘŜǊƳƛƴŀǘƛƻƴ ǳǎƛƴƎ ŀƴ ΨŀǊǘƛŦƛŎƛŀƭ ƻǊƴƛǘƘƻƭƻƎƛǎǘΩ 

camera system ςa Bayesian approach

Roel May

11:00-11:15 A Bayesian approach to identify trade-offs in 

ƭƻŎŀƭ ǇŜƻǇƭŜΩǎ ŀǘǘƛǘǳŘŜǎ ǊŜƎŀǊŘƛƴƎ ŎƻƴŦƭƛŎǘ 

resolution and conservation of wild Asian 

elephants in Myanmar

Roel May

11:45-12:00 Future scenario analysis: Welfare implications of 

ecosystem service and management change in 

the Greater Serengeti-Mara Ecosystem

Roel May / Martin Reinhardt 

Nielsen

11:30-11:45 Servicescape of the Greater Serengeti-Mara 

Ecosystem: Visualizing the linkages between land 

use, biodiversity and the delivery of wildlife-

related ecosystem services

RoelMay

11:15-11:30 Integrated mapping of urban ecosystem services 

to manage spatial planning trade-offs in 

Trondheim, Norway

Roel May
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Sustainable development and natural resource management in 
Greenland
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Arctic climate crisis änature crisis äsociety crisis?

Climate change is occurring faster in the Arctic than any other 
region, with consequences for Arctic biodiversity and the people 
that depend on it

ÅClimate: Reduction in sea ice volume, area, age and thickness, and 
unpredictable land climate with increasing rain, snow and thawing 
events in winter

ÅNature: Disappearance or dramatic modification of habitats, ecosystems 
and populations, shifts in species geographic range and the timing of 
ecological events and outbreaks of pests and disease 

ÅSociety: In turn, undermining established production patterns of 
hunting, fishing, gathering and herding by Arctic communities 
negatively influencing their welfare and wellbeing
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Participation in natural resource management: Community 
based monitoring and co -management
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Transformational change

Transformational change in socio-environmental systems requires responses 
that build on integrated, informed , inclusive and adaptive governance, 
planning, and decision-making
Å Integrated : Visualize complex interactions between humans and their 

biophysical environment within social -ecological systems
Å Informed : The need to observe, track, understand, and predict 

environmental and societal change in space and time
Å Inclusive: Engage with stakeholders across sectors and scales
ÅAdaptive: Biophysical and economic scenarios to assess impacts of climate 

and biodiversity change on Arctic communities and to explore adaptive 
management options under global policies and trends
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èTransforming indigenous communitiesé

ÅIn vast areas of the world, ecosystems are in practice governed 
primarily by indigenous peoples and local communities (IPLC) 
whose knowledge systems and practices are as diverse as the 
locations and groups from which they emanate

ÅAcknowledging the rights and stakes of people directly affected by 
degrading ecosystems or by conservation interventions (relational 
values)

Å Local anchoring through engagement (support for interventions)

ÅCitizen science contributing to local and context specific knowledge 
(ILK) on ecosystem dynamic and human nature interactions over time

Å Increasing the capacity to transform decisions into actions that are 
sustained over time (stewardship)

14-12-2021 9



Arctic natural resource management in a changing world

Are small-scale rural users and indigenous groups resilient enough to adapt?

ü The objective with this side event is to bring together people working with 
future scenario analysis and Bayesian Belief Network models to make 
predictions in complex social-ecological systems
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Believe in Bayes

Assessing social -ecological systems, future 
scenarios for sustainable development using 
Bayesian Belief Network tools



Land use

Å Land use and land use changes, in the form of degradation, fragmentation 
and harvesting, are the biggest threat to biodiversity in the world. The 
changes in nature also affect society through the loss of ecosystem 
services and increased vulnerability to extreme events.

Kilde: https://www.naturindeks.no/Pressure

Kilde: Kuipers et al. OneEarth2021



Landscape

Å Landscapes are areas that are created through the influence of and the 
interplay between natural processes and human activities through the 
ages

Å Landscapes are thus socio-ecological systems where natural qualities and 
human activities should be balanced in order to safeguard our and the 
next generation's livelihood
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The challenge with natural resources

Å The Arctic is undergoing the most rapid changes in the climate system worldwide
Å higher risk of extreme events

Å changes in the access to the Arctic resources

Å Along the coast of Greenland, most people living in smaller settlements depend 
partly or entirely on hunting and small-scale fishing
Å vulnerable to the effects of climate change on natural resources and may suffer material and wellbeing 

deprivation

Å offering new opportunities for communities and for economic development related to exploration of 
natural resources

Å Local ecological knowledge and scientific evidence have at times clashed, and 
management of Greenland's natural living resources has become highly politicised

Å From this perspective, management for sustainable resource exploitation needs to 
build on integrated knowledge on environmental, technical, social and political 
characteristics



Spatial planning for future pathways

ÅSpatial planning is the process to balance different interests against each 
other to safeguard the values in the landscape for the future

Å Knowledge-driven models that can capture complex social and ecological interactions

Å Assessment of consequences of different èwhat-ifé scenarios in the landscape to 
support holistic spatial planning



Spatial planning tools

Å Novel technologies may be important for collecting and integrating data, 
developing knowledge -based planning and informed decision making

Å One such technology is use of Bayesian Belief Network modelsoffer the ability to 
explore such complex systems with limited data availability by including various 
forms of data äincluding expert knowledge and consumer preferences

Å This enables policymakers and resource users to explore the outcome of various 
policies under different scenarios including impacts on living conditions and 
quality of life

Å Showcase such an approach by developing a ætoy modelç which visualizes a real-
life case for natural resource challenge focusing on inshore halibut fisheries

Å Develop the online app surBayesto capture the model and stakeholder data



ÅA Bayesian Belief Network (BBN) provides an integrated modelling 
framework to structure specific scientific problems and explore future 
scenarios 

ÅBy explicitly addressing interactions between variables and uncertainty, 
BBNs provide a mechanism for graphically and probabilistically modelling 
the causal effects of specific management actions on the environment

ÅVisualization has the power to cut through the complexity and ambiguity 
that are often associated with politics or planning options

ÅVisualization concretizes possible future and stimulates engagement 
among stakeholders and the general public

ÅGeographic Information Systems (GIS) to visualize the spatial 
consequences of scenarios in the landscape

BayesianBelief Networks



CAPARDUS project

Task case

BN modeller

Why am I here?

SWG side event

First time

Narwhals

Greenland
Me

Travel

Other projects

COVID SeasonSneezing

Colleagues

Airline delays

Vulcano eruption

Fossil fuel prices

CO2 emissions

Climate impact

OPEC

IPCC

EU

ECDC

NINA



1. Construct the network with important social and environmental factors 
(nodes) and their interactions (edges)

2. Assign possible alternative states of the different factors

3. Survey beliefs and/or include data

4. Optional: link to Geographic Information Systems (GIS) to visualize 
spatial effects

5. Infer model outputs and adjust its factors to assess consequences of 
decisions

How to construct a BBN









Capture stakeholder 
knowledge and 
beliefs through
node-specific online 
surveys





Foto. A. Staverløkk

Cooperation and expertise 

for a sustainable future



Art2Cam

Automatic bird detection and species 
determination using an óartificial ornithologistô 
camera system ïa Bayesian approach









Pilot project Art2Cam

ÅGather the knowledge that professional ornithologists possess as a basis 
for the development of an èartificial ornithologisté camera system to 
reduce the conflict between offshore wind power and bird life

Å Gather knowledge from ornithologists in a survey and systematize the answers from 
the survey in a Bayesian Belief Network model

Å Use the Bayesian Belief Network model to identify different bird species using a 
camera and contextual data 



Pilot project Art2Cam

ÅWorkshop with proffessional ornithologists to identify species 
determination factors

ÅQuestionnaire sent out to ornithologists to survey the relative importance
of factors

ÅCalculate relative importances, and construct a BayesianBelief Network to 
assessinterdependencies



Hvem var ornitologene?

 



Relative importance of factors



Relative importance of factors



Hvordan henger disse sammen?



Hvordan henger disse sammen?



Foto. A. Staverløkk

Cooperation and expertise 

for a sustainable future



Using Bayesian Belief Network (BBN) 
approach in understanding of 
peopleés attitudes towards wild 

elephants and HEC
Zaw Min Thant, Roel May, Eivin Røskaft



Human-elephant 
conflicts (HEC)

Å HEC occur when 
elephants and humans 
compete for limited 
resources and space, 
regarding:

ÅCrop damage

ÅProperty damage

ÅElephant attacks

ÅElephant poaching



Human-elephant 
conflicts (HEC)

Å HEC accounts for 
significant threat to wild 
elephant conservation

Å Those who encountered 
HEC may reduce the 
tolerance for elephants 
and impact their 
attitudes



Understanding HEC attitudes using
Bayesian Belief Networks

ÅExplore the interlinkages between HEC experiences and local 
peoplesé attitudes to examine the most influential factors

ÅGraphically structure causal attitudinal determinants towards 
HEC 
ÅHEC attitude model
ÅFull explanatory model
ÅGender, age group, education, occupation, ethnicity, religion, residency, 

household size, distance to the forest reserve boundary

ÅExtended HEC attitude model

ÅSpatial determinants of HECÞ



Questionnaire survey 
in 40 villages

Å30 villages in 
conflict (HEC) 
regions

Å10 villages in non-
HEC region

Å399 respondents 



Questions for the respondents regarding their attitudes 
towards human-elephant conflicts

Questions Node

Who helped you/villagers when you/villagers suffered HEC? Who_help

Who should be the responsible organization to take care of HEC? Who_responsible

How should the responsible organization handle problem elephants? How_handle

Do you agree that interactions between humans and elephants are more intense today
becausethe poaching pressure on wild elephant has increased?

Poaching

What is your personal feeling of wild elephants? Personal_feeling

What was the behaviour of the wild elephants when you encountered them? Elephant_behaviour

Would you like to support elephant conservation if tourism activities to watch wild
elephants in your locality, will be implemented?

Elephant_tourism

Do you agree that wild elephants have the right to live in your area? Live_near

Do you agree that wild elephants have the right to live in Myanmar? Live_in_Myanmar

Do you agree with the following statement: Only a dead elephant is a good elephant? Dead_good

Do you agree with the following statement: Elephantsshould be moved to rich countries? Move_to_othercountry

If the elephants disappear from your area,what will happen? Elephant_disappear





HEC attitude 
Bayesian Belief 
Network

Å HEC affects attitudes 
on elephants

Å Support affects 
perception of HEC



Full explanatory HEC 
attitude Bayesian Belief 
Network

Å Distance to forest



Extended HEC 
attitude Bayesian 
Belief Network

Å Human 
encroachment?
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Determinants of anthropogenic factors 
determining spatial distribution of wild 
Asian elephants in Myanmar

ÅModelling suitable habitat for elephants
ÅRelating habitat and spatial characteristics to HEC

Crop damage Property damage Human attack



Thank you for your 
attention!



Welfare implications of ecosystem 
service and management change in the 

Greater Serengeti-Mara Ecosystem

Martin Reinhardt Nielsen and Roel May

Institute of Food and Resource Economics

Future scenario analysis


