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Has sustainability science any legitimacy?
If so, what is a meaningful definition and focus?

Founding statements:

*Sustainability Science is about understanding the dynamics of
evolving, coupled social-ecological systems (SES)

*Sustainability Science is problem-driven: manage complex
coupled social-ecological systems (SES) in order to have them
deliver what people value

Sustainability Science is transdisciplinary: solutions to the
problems have to acknowledge that the world is/becomes more
integrated, more complex, more uncertain

In particular, the focus of Sustainability Science is on the
interactions between resource system (earth/life sciences), its
users and the governance system (social sciences)

(Kates et al. 2001, Clark and Dickson 2003, Perrings 2007...)



A shared vision should contain a framework on:

1.

Social-ecological systems (SES): anthropogenic biomes (also
called human-environment systems) and archetypical syndromes

. Complex Systems Science (CSS): due to heterogeneity and

interactions, SES are best considered as Complex Adaptive
Systems (CAS)

. Value pluralism and interpretative pluralism: consequence of

[recognition of] [local] heterogeneity

. Uncertainty: inherent in managing SES and, more specifically,

Common pool Resources (CPR)

. Integration: transdisciplinary as a consequence of complexity,

pluralism and uncertainty, partly crystalling in [formal] models

This means: system behaviour over time is
non-linear, cross-scale in time and space,
multiple causes, evolutionary in character...
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2. CSS Complexity: in the eye of the beholder?
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Complexity: an epistemological bridge?
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An incomplete ‘complex systems
science tools’ genealogy

[nonlinear][partial]
differential equations J

[near-equilibrium|
Graph/network stability analysis
theory

System dynamics [Economic] geography Evolutionary biology
(feedbacks, delays) (CA, GIS) (game theory)

| |
v
Ecology
(catastrophe theory,
adaptive dynamics)

‘business dynamics’ Agent-Based Simulation
simulation (ABS; ABM, CAS...)



3. Pluralism in values and mental maps

Big, unlimited world
Universalism
Freedom

Progress
Openness for change
Find your own way
Freedom

To take: achieve for self
Achievement
Performance

Other oriented
Self-transcendence

Social oriented
We
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Self oriented
Self-enhancement

Individual oriented
Me

To give: achieve for others
Benevolence
Relations

Stagnation
Conservation

Conformism
Order

small., limited world
Conformity
Family life



Changing [individual] worldviews as elements in scenario
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4. Uncertainty

Complexity and uncertainty :
the public discourse between strong and weak knowledge

Weak knowledge:
& tightly connected to “personal” values
and life history

S

* [ultimate] ends

.4@\@ Public discourse:

controversial issues

[ultimate] means

aggregate complexity

OO Strong knowledge:
falsifiable in reproducible experiments
O within controlled subsystems




5. [Model-based] Integration

A

Scientific disciplines
(fragmentation, view from below)

*Philosophy, ethics...

*Social science/anthropology
e .conomic science
*Psychology

eMedical science
*Biology/ecology

*Geology

*Physics/chemistry

Sustainability science
(decomposition, view from above)

*Conceptual partitioning
*Separating subsystems
*‘sum is more than parts’
*Avoiding disciplinary myopia

u
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What does this mean for a research agenda?

Within the Copernicus Institute, the focus has to anchor in
existing positions, in particular:

*Energy demand and supply systems

*Ecosystems and land use / biodiversity

*[nnovation dynamics and management

eGovernance in social-ecological systems

In this presentation I will briefly work out three directions for
(future) research:

a) Simulating the social-ecological dynamics in anthropogenic
biomes

b) Managing common pool resources, in casu: climate (but also:
fisheries, forest...)

c) LETSGO: decentralized energy in Nederland 2020

[ indicate tentative ideas, possible concepts and theories from
various disciplines, and relevant expertise.






Research on complex ecosystem behaviour

Catastrophic change in (lake) ecosystems
change in slow variables

Scheffer et al, 2001

Food web complexity and stability

interaction patterns with weak links in long loops
De Ruiter et al.2006
Micro-scale infiltration < large-scale precipitation
spatial patterns, regime change, theory vs. measurements

Dekker, Rietkerk en Bierkens 2006.



Evolutionary biology: adaptation dynamics

Mutation

Selection

I

Phenotype

Population

dynamics

Outer
environment

Fic. 1.2 — Modelling principle of adaptive dynamics.

(Dieckmann 2002, Champagnat 2004)



Integrating climate proxies and the human dimension in the past in a novel modeling framework
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Global Integrated Sustainability MOdel (GISMO)
an integrated framework for Global Change research /

Developed at/ linked to
IMAGE /TIMER/FAIR framework at MNP

Total Factor Productivitei

phoenix

Populatie

Gezondheids
-zorg

[Fs ecomomy

Investing in education and health

Hilderink et al. 2007



Can a GISMO framework be an integrating platform at
Copernicus Institute?

Terrestrial Agricultural
egetation ONOIT

Concentration changesl

Climate
Geographical Pattern Scaling

Impact Natural Agricultural Land Sea level
systems Impacts degradation rise &

IMAGE

w X OO0 T Qd®Odm

Micro-macro

Interactions? Biomass

plantations?




b) Common Pool Resource (CPR) managemernt
“The Tragedy of the Commons” and ways out of it

Onder ‘global commons’ worden die natuurlijke

hulpbronnen en ecosystemen verstaan, waarvan

zowel het nut voor de mens als de benodigde

beheersinspanning de landsgrenzen (verre)

overstijgen. De atmosfeer en de oceanen zijn . . _
bekende voorbeelden van global commons. ¥ Heroscapic s = Macroscopie
(VROMRaad 2003) reality «g‘\ / structure

Fluctuations

There are two extremes - 'stochasts' and 'cartesians'. But, as
we have seen for our fishing example both behaviours are
necessary to the system. We must avoid both the total
dispersion of randomness, and the complete enslavement by
information. It is however the discoveries made by these risk
taking 'stochasts' which nourish society in the long run, and
allow its expansion and greater sustenance, but of course the
efficient and directed behaviour of the 'cartesians' constitutes the
concensus, and gives stability and form to society (Allen and
McGlade 1987:166)



Outcomes (O

Units (RU)




A set-up for multi-agent simulation (MAS)

insights from environmental psychology
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Complexity: emergence and immergence

Figure 5: Weak emergence (emergence of structure)
seen from an (external) observer point of view
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Figure 8: M-5trong emergence (emergence of structure)
seen from both an agent and an {external) observer point of view
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Understanding social dynamics
Interaction between worldviews triggered by events
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Dynamic network formation in a cost-benetfit setting
in certain parameter domains endogenous cycles
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Exploiting a renewable resource: fisheries
the ‘optimal’ i.e. most effective strategy depends on exploitation depth
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c) Locale E-TranSitie in de Gebouw Omgeving (LETSGO):
Nederland 2020

the issue: energy transition [management]

industrial transport built environment
basic / light industry comin. services other services residential

non-sheltered / sheltered

A 4 A 4

energy services in households & retail/service activity

A A

A 4

local e-production
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industrial . commercial fuels

e-/h-production (oil products, gas, bio..)
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e-production

A

energy [conversion] industry




Technologies in Balmorel
(Baltic Model of Regional Electricity Liberalisation)

Technologies
in Balmorel
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NEMSIM (National Electricity Market) Overview
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LETSGO: some suggestions

assessment of future energy use: intermediate variables (floor
space, appliance stock, electric car, domotica etc.)

—
Plug-in Toyota hybrid in 2010?

weather model and data: role of future climate change (air-
conditioning, heating...)

options, opportunities and risks of distributed generation
technologies: innovation dynamics ™\

CrystalClear solar PV elec <25¢/kWh?

‘smart meters’ & ICT: tariff differentiation (time, source; [carbon]
tax), interactive info/control, community level dispatch

[Cournot] market model for power contracts and exchanges in
Europe, emission trading (APX, EMELIE-model)

agent’s behaviour: using value surveys, spatial consumer info at
MNP (Duurzaamheidsverkenning), simulation gaming

scenario investigations — plant cost & envitonment performance,
new power plants, blackouts, new rule

EU CA project 2008-2009




Using spatial information in an institutional dynamic frame
the Environment Explorer (LOV): three spatial levels

MNalional,
Netherlands in EU

Regional,
40 COROPF regions

Local,
351 (W) 25-ha cells

Fig. 2. The three spatial kevels, national, regional and local, represented in the Envirenment Exploser.

Geonamica (Engelen et al. 2002) De Nijs et al., |. of Env. Man. 72(2004)35-42






