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2004: [Zel f ]evaluat i e: Cie
Hafk am p em phasi zes
in t egrat ion

2003: Topi c 6: 
In t egrat ion : m odels, 
m et hods, and uncer t ain t y

Since 2003 
Course SD-I , but
no UU-suppor t for
SD-I research

Considerable i n t erest  (and resources) at  
MNP for genuine col laborat ion



Has sustainabil ity science any legit imacy?
If so, what is a meaningfu l defin it ion and focus?

Founding statements:

•Sustainability Science is abou t understanding the dynamics of 
evolving, coupled social -ecologi cal syst em s (SES)

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

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

Sustainability Science is t ransdi sci pl i nary : solu t ions to the 
problems have to acknowledge that the wor ld is/ becomes more 
integrated, more complex, more uncertain

In part icu lar , the focus of Sustainability Science is on the 
i n t eract i ons between resource system (earth/ life sciences), its
users and the governance system (social sciences)



A shared vision shou ld contain a framework on:

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

2. Complex Systems Science (CSS): due to heterogeneity and 
interact ions, SES are best considered as Complex Adapt ive
Systems (CAS)

3. Value plu ralism and interpretat ive plu ralism: consequence of 
[recognit ion of] [local] heterogeneity

4. Uncertainty: inherent in managing SES and, more specifically, 
Common pool Resources (CPR)

5. Integrat ion: t ransdisciplinary as a consequence of complexity, 
plu ralism and uncertainty, part ly crystall ing in [formal] models

This means: system behaviour over time is 
non-linear, cross-scale in time and space, 
multiple causes, evolutionary in character…



1. SES

(Ellis and Ramankutty 2008)
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Complexity: in the eye of the beholder?

Algorithmic simplicity & 
complexity

Chaos from the simple
logistic map  
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2. CSS



Complexity: an epistemological br idge?
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An incomplete ‘complex systems
science tools’ genealogy

[nonlinear][partial]
differential equations

System dynamics
(feedbacks, delays)

[near-equilibrium]
stability analysisGraph/ network

theory

Evolutionary biology
(game theory)

[Economic] geography
(CA, GIS)

Ecology
(catastrophe theory, 
adaptive dynamics)

‘business dynamics’ 
simulation

Agent-Based Simulation
(ABS; ABM, CAS…)



Progress
Openness for change
Find your own way

Freedom

Stagnation
Conservation
Conformism

Order  

Other oriented
Self-transcendence

Social oriented
We 

Self oriented
Self-enhancement

Individual oriented
Me 

Big, unlimited world
Universalism

Freedom

small., limited world
Conformity
Family life

To give: achieve for others
Benevolence

Relations 

To take: achieve for self
Achievement
Performance  

3. Plu ralism in values and mental maps



tim
e/evolution ?

markets
materialism

globalization

regionalization

governments
immaterialism

Schematic way of societal 
development as a process of 
changing value patterns which 
drive important parts of the social-
ecological dynamics, in interaction 
with innovations, [resource] 
conflicts… 

Changing [individual] worldviews as elements in scenario 
storylines



Strong knowledge:
falsifiable in reproducible experiments

within controlled subsystems

Weak knowledge:
tightly connected to ‘personal’ values

and life history

Public discourse:Public discourse:
controversial issuescontroversial issues
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Complexity and uncertainty :
the public discourse between strong and weak knowledge

[ultimate] ends

[ultimate] means

4. Uncertainty



Scient ific disciplines
(fragmentat ion, view from below)

•Philosophy, ethics…
•Social science/ anthropology
•Economic science
•Psychology
•Medical science
•Biology/ ecology
•Geology
•Physics/ chemistry

Sustainability science
(decomposit ion, view from above)

•Conceptual part it ioning
•Separat ing subsystems
• ‘sum is more than parts’
•Avoiding disciplinary myopia

5. [Model-based] Integrat ion



‘Sterke’kennis

‘zwakke’kennis

Experimentele valideerbaarheid

Wiskunde Fysica Chemie Biologie Medischewetenschap Psychologie

Astronomie
Ecologie Economie

Bestuurskunde / Politicologie

Milieurecht

Hydrologie

Landgebruik,   
Biodiversiteit

Meteorologie Oceanografie

Klimaat[verandering] ,
Biogeochemische.cycli

Technology Assessment

[Nano/bio]Technologieontwikkeling /  Innovatiewetenschappen
-Energie-Materialen-Voedsel

Consumptiepatronen,
Mobiliteit,
Urbanisatie,
Handelsregimes…

SocialeGeogafie

Planologie

Demografie

Integratie :  culturele
perspectieven

fysiekesysteem socialesysteem:

Ecosystem services

Basisbehoeften (voedsel etc.)

grondstoffen materialengebruik/tech

Duurzaamheid:
Continueerbaarheid
Kwaliteit van leven

Beta-wetenschappen Mens-wetenschappenAarde-wetenschappen

Socio/anthropologie Rechten

FysischeGeografie

Geologie

‘technologie-
ontwikkeling’

Systeemkennis

Basisdisciplines

Integrat ie

Doelstell ing
onderzoek &  

reflect ie

‘beleid’-
ontwikkeling
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Integrat ion and the organizat ion of knowledge
acqu isit ion



Within the Copernicus Inst itu te, the focus has to anchor in  
exist ing posit ions, in part icu lar :
•Energy demand and supply systems
•Ecosystems and land use /  biodiversity
• Innovat ion dynamics and management
•Governance in social-ecological systems

In th is presentat ion I will br iefly work ou t three direct ions for
(fu tu re) research:

a) Simu lat ing the social-ecological dynamics in anthropogenic
biomes

b) Managing common pool resources, in casu : climate (bu t also: 
fisher ies, forest…)

c) LETSGO: decentralized energy in Neder land 2020

I indicate tentat ive ideas, possible concepts and theor ies from
var ious disciplines, and relevant expert ise.

What does th is mean for a research agenda?



a) Simulating social-ecological systems: 
humans in the anthropogenic biomes



Micro-scale infi lt rat ion �  large-scale precipitat ion
spat ial pat terns, regime change, theory vs. measurements

Dekker, Rietkerk en Bierkens 2006.

Scheffer et al, 2001

Catastrophic change in (lake) ecosystems
change in slow var iables

Food web complexity and stabil ity
interact ion pat terns with weak links in long loops

De Ruiter et al.2006

Research on complex ecosystem behaviour



(Dieckmann 2002, Champagnat 2004)

Evolu t ionary biology: adaptat ion dynamics



Potential agricultural economies (PAE; domestication)



Global Integrated Sustainabil ity MOdel (GISMO)
an integrated framework  for  Global Change research

Developed at/  l inked to
IMAGE/ TIMER/ FAIR framework at MNP

Invest ing in educat ion and health

Hilderink et al. 2007



Can a GISMO framework  be an integrat ing plat form at 
Copernicus Inst itu te?

IFs Economy
a.o.

PHOENIX

Energy demand 
& supply (TIMER)

Energy & industry 
emissions

Concentration changes

Climate
Geographical Pattern Scaling

Climatic changes

Natural
systems

Agricultural
Impacts

Land 
degradation

Sea level
rise

Terrestrial
Vegetation

Agricultural
Economy

Land Use
Emissions

Land Cover

Emissions & land-use changes

Atmospheric
chemistry

Oceanic
C Cycle

Terrestrial
C cycle
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IMAGE

FAIR

LEI -TAP

Micro-macro
Interact ions? Biomass

plantat ions?



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

Onder ‘global commons’ worden die natuurlijke
hulpbronnen en ecosystemen verstaan, w aarvan
zowel het nut voor de mens als de benodigde
beheersinspanning de landsgrenzen (verre) 
overstijgen. De a t mosf eer en de oceanen zijn
bekende voorbeelden van global commons. 
(VROMRaad 2003)

There are two extremes - 'st ochast s' and 'car t esians'. Bu t, as 
we have seen for  ou r fishing example bot h  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 discover ies made by these r isk  
tak ing ©stochasts© which nour ish society in the long run, and 
allow its expansion and greater  sustenance, bu t of course the 
efficient and directed behaviour of the ©cartesians© const itu tes the 
concensus, and gives stability and form to society (Allen and 
McGlade 1987:166)



Resource 
System (RS)

Governance
System (GS)

Resource 
Units (RU) Users (U)

Interact ions (I) �

� Direct  causal link Feedback �

Related Ecosystems (ECO)

Social, Economic, and Polit ical Sett ings (S)

Outcomes (O)

A miu lt it ier framework for analyzing an SES
(Ostrom PNAS 2007(39)15182)

•Sector (e.g. water, forest, pastu re, fish)
•Clar ity of system boundar ies
•Size of resource systems
•Human-constructed facil it ies
•System product ivity
•System equ ilibr ium propert ies
•Predictability of system dynamics
•Storage characterist ics
•Locat ion

•Resource unit  mobility
•Growth or replacement rate
• Interact ion among resource units
•Economic value
•Size
•Dist inct ive mark ins
•Spat ial& temporal distr ibu t ion

•Government organizat ions
•NGOs
•Network structu re
•Property r ights systems
•Operat ional ru les
•Colelct ive-choice ru les
•Const itu t ional ru les
•Monitor ing&sanct ioning processes

•Number of users
•Socio-economic at tr ibu tes nof users
•History of use
•Locat ion
•Leadership/ entrepreneurship
•Norms/ social capital
•Knowledge of SES/ mental models
•Dependence on resource
•Technology used

•Harvest ing levels of diverse users
• Information shar ing among users
•Deliberat ion processes
•Conflicts among users
• Investment act ivit ies
•Lobbying act ivit ies

•Social performance measures
•Ecological performance measures
•Externalit ies to other SESs



Consumer 1

Consumer 2

Consumer n

Human
environment

Cul ture
Insti tutions

Demography
Technology
Economy

Natural
environment

Consumer 1

UncertaintyNeeds and
level  of  need
satisfaction

A bi l i tiesOpportu
ni ties

Opportuni ty
consumption
simi lar others

Cogni ti ve processing

Repeti tion Del iberation

Imitation Social
comparison

M emory
(mental  map)

Behavioural
control

Opportuni ty
consumption

high low

low

high

Expectations regarding the outcomes of opportuni ty consumption

via the
micro level

Strategies
for

behaviour
change

via the
macro level

(Jager et al. 2000)

A  set-up for multi-agent simulation (MAS)
insights from environmental psychology

Human behaviour in relat ion to:
•Level of needs sat isfact ion
•Coping with uncertainty



Dessalles et al. 2007

Complexity: emergence and immergence



individualist

h ierarchist

egalitar ian

SES

Understanding social dynamics
Interact ion between wor ldviews tr iggered by events

Example: the Batt le of Perspect ives (Janssen and De Vr ies 1999)

Thompson et al. 1990



Dynamic network formation in a cost-benefit setting
in certain parameter domains endogenous cycles

Typical Growth-Decline Cycle

Bredeet al. 2007



Exploit ing a renewable resource: fisher ies
the ‘opt imal’ i.e. most effect ive strategy depends on exploitat ion depth

Dependence on the exploitation ratio

over-exploitedunder-exploited

(Brede and De Vries 2007)

COIN  COllecit ive INtell igence
MG     Minor ity Game
TG      Team Game
RAND Random



c) Locale E-TranSitie in de Gebouw Omgeving (LETSGO): 
Nederland 2020

the issue: energy transit ion [management]

industr ial t ransport bu ilt  environment

basic /  l ight industry comm. services other services resident ial

non-sheltered /  sheltered

energy servi ces in  households &  ret ai l / servi ce act i v i t y

central 
e-product ion

commercial fuels
(oil products, gas, bio..)

local e-product ion
(DG)

industr ial
e-/ h-product ion

energy [conversion] industry



Technologies 

in Balmorel

Dispatchable Non-Dispatchable

Electricity / heat only

-Condensing
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-Combined cycle 

-Gas turbines

-Heat-only boilers

Combined heat 

and power 

CHP

Storage Wind, solar, 

Hydro run-of-river,

Hydro with

reservoir

Pumped / heat 

storage

Backpressure

Extraction

Technologies 

in Balmorel

Dispatchable Non-Dispatchable

Electricity / heat only

-Condensing

-Steam

-Combined cycle 

-Gas turbines

-Heat-only boilers

Combined heat 

and power 

CHP

Storage Wind, solar, 

hydro run-of-river,

Hydro with

reservoir

Pumped / heat 

storage

Backpressure

Extraction

Technologies in Balmorel
(Balt ic Model of Regional Electr icity Liberalisat ion) 

(Dittmar 2004)(cf. Scelec, SEPU…)
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NEMSIM (Nat ional Electr icity Market) Overview

Opt im i zat i on (engineering) 
models

Equi l i br i um (market) models 
(game theory, power auct ion)

[Agen t -Based] sim ulat i on Models
(strategic behaviour with in

technical and environmental
constraints)

(Batten et al. 2005 /  CSIRO)



LETSGO: some suggest ions

• assessment of fu tu re energy use: intermediate var iables (floor
space, appliance stock , electr ic car, domotica etc.)

• weather model and data: role of fu tu re climate change (air-
condit ioning, heat ing…)

• opt ions, opportunit ies and r isks of distr ibu ted generat ion 
technologies: innovat ion dynamics

• ‘smart  meters’ &  ICT: tar iff different iat ion (t ime, source; [carbon] 
tax), interact ive 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, spat ial consumer info at  
MNP (Duurzaamheidsverkenning), simu lat ion gaming  

• scenar io invest igat ions – plant cost &  environment performance, 
new power plants, blackou ts, new ru le

Plug-in Toyota hybr id in 2010?

CrystalClear solar PV elec <25c/ kWh?

EU CA project  2008-2009



De Nijs et al., J. of Env. Man. 72(2004)35-42

Using spat ial informat ion in an inst itu t ional dynamic frame
the Environment Explorer  (LOV): three spat ial levels

Geonamica (Engelen et al. 2002)



Dank voor uw  aandacht


