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1. Scenarios: world models, model-supported
narratives (‘storylines’) and worldviews

2. Continuation de la présentation du 7 juin

* Ecosystem dynamics: regime shifts and critical
transitions

* Exploring competition vs. coordination in a
climate-resource constrained world economy

3. Preliminary proposal for IAM platform
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Epistemological notes

Don’t expect a Unified Theory of Socio-Natural Systems,
nor any exact knowledge...

... precision is not always what we are looking for:

Joachim went to the famous Museum of Natural History where, he was
told, one could see many dinosaurs.

Seeing one of them, the provost standing nearby told him “This dinosaur
is very old, 65 million and 15 years.’

‘Very old indeed’ replied Joachim, “... but how do you know its age with
such precision?’

“Well” the man replied “When I came here to do this work, it was 65
million years old and that was 15 years ago...’
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World(3) Trends until 2020
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Present, past and future of global change: TARGETS1.0
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(Rotmans and De Vries (Eds.) The TARGETS model. Cambridge University Press (1997))



Socio-cultural dynamics
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Worldview: how does the world ‘work’?
Individualist Hierarchist Egalitarian

Individualist
utopia

Hierarchist
utopia

Hierarchist Individualist

R 9f Egalitarian

utopia

Management style: according to whose
interpretation the world is ‘managed’?

Egalitarian
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Sensitivity of utopias to discrepancies between worldview

and policy style

Perspective (proneness to the risk of:)
Hierarchist* Egalitarian Individualist

overestimation of the robustness
of the natural system ++++ - ++
overestimation of the number of
cheap, good-quality natural resources +- -- +++
overestimation of the extent/rate
at which efficiency technology
can/will be used +- ++ ++++

overestimation of the extent to which
people are prepared to accept [govern-
ment-induced] changes in lifestyle +- ++++ o

i *) +: sensitive to overestimation in the sense of [serious] undesirable consequences occurring



Looking mto the future:
scenartos

Tellus Institute 2009

models

scenarios

stories
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Value orientations (NL 2000)... Other oriented
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Global Mar Strategic approach: Solidarity
look for win-win strategies and robust policies

Al B1

(worldview = value
orientation + belief system)

Emphasis on Solidarity, wellbeing

Collecitivity

*Possible futures
ePerceived problems
*Breakdown risks
eFeasible solutions

Emphasis on Efficiency, wealth
Individualization

) A2 Emphasis on regionalisation B2_
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Global Market Global Solidarity
Emphasis on globalisation
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Storylines :
evolution over time
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(De Vries et al. 2006)

A1, 2050

Renewable
N Wind+PV
E W?:j E P\I/rlsﬁom ass Areas suitable (i.e. generation cost <
] PV BN Wind+Biomass 0,1 $/kWh electricity) for Wind Solar-
I Biomass m Al PV Biomass options

WSB (Wind Solar Biomass)options (elec&trp fuel) with
interaction, A1 world 2050



(De Vries et al. 2006)

A2, 2050
Renewable
energy
[ None £ Wind+PV Areas suitable (i.e. generation cost <
B Wind Bl PV+Biomass 0,1 $/kWh electricity) for Wind Solar-
— PV Bl Wind+Biomass . .
B Biomass —— PV Biomass options

WSB (Wind Solar Biomass)options (elec&trp fuel) with
interaction, A2 world 2050



the challenge for science:

*bridge micro and macro, outer and mner
*bridge natural and soctal
*bridge science and policy
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From inner to outer, from ME to US
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an increasing need to deal with complexity
and uncertainty

weak science
wisdom and
ignorance

stem elements

attitude:
positivism

interaction between

Diversity/hetero

mz.a\terfal science Q mental / sp.1r1tual
objective subjective
external < > internal

world ‘strong science’: world
@W observation-theory cycle with
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low agreement high
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1. Scenarios: world models and model-supported
narratives (‘storylines’)

2. Continuation de la présentation du 7 juin

* Ecosystem dynamics: regime shifts and critical
transitions

* Exploring competition vs. coordination in a
climate-resource constrained world economy

3. Preliminary proposal for IAM platform
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New directions:

*(nonlinear) system dynamics
*evolutionary economics
*behavioural and experimental economics
*ecological economics
*econophysics

000,
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Members/partners, a.o.:

*Klaus Hasselmann (MP Hamburg)
«Julian Hunt (HoflL)

«Carlo Jaeger (PIK)

Kristian Lindgren (Chalmers)
*Bert de Vries (PBL/UU)

«Dum (EU Sci Officer) .
www.qglobalsystemdynamics.eu

Interacting with complex systems: models and games for a sustainable economy.

http://www.pbl.nl/nl/publicaties/2010/Interactie-met-duurzame-systemen-modellen-en-
spellen-voor-een-duurzame-economie.htmi

or
www.globalsystemdynamics.eu.




New ways in humans-on-earth systems
(or social-ecological systems [SES])

Away from the lonely, isolated optimizing representative agent. ..

* Choice processes: MNL en positive returns (Polya generator)
*Evolutionary games (Lindgren)

*Segregation and integration (Schelling) (NetLogo)

* Extended utility functions (Magnuszewski)

* Consumatten (Jager et al 2000)

* Evolutionaire economie: producent-consument interaction (Dosi, vdBergh)
* Competition and cooperation in social dilemmas (Ostrom, Janssen)
* Random and scale-free network dynamics (NetLogo)

*Social networks (Weisbuch, Brede)

* Business: system dynamics (Sterman)

* Markets and prices (Gintis)
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*Optimize and MSY (Clark)

*Regime shifts in multi-stable systems (Scheffer, Rietkerk)

* Cartesians and stochasts (Allen/McGlade)

*Fishing strategies (Brede/De Vries)

* Climate strategies: competition vs. cooperation (Brede/De Vries)
*Sustainable livelihood (Engelen, Hein)

* CLIMEX interactive (De Vries/ Apetrei) (website)

* Experimental economics (Janssen)

* Participatory modelling (ComMod - Etienne et al)
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Resource scarcity and dominant strategy

Dependence on the exploitation ratio S

Balance between COIN and MG an indicator of exploitation ratio?

putting
humans...

- -

under-exploited over-exploited




Catastrophic regime shifts

The possibility of more than one equilibrium state has drawn increasing
attention in the search for adaptive resource management. The same class
of nonlinear equations as in the bistable oscillator:

2 —
dX/dt=—-X(X"—o) diiff eqn dx/dt=x(x"x-a) o
—a=5
20
can generate bifurcations: .
v
1: state variable X 2: attractor1 . k) | ‘
4 ® 3 ) 3
A
2 :

| -
\____3_&

| T~ critical transitions
a (X(0)={l RF=0) In ecosystems?

-4
0.00 25.00 50.00
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_ 1: state variable X
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50.
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A multi-equilibrium system:
bifurcations with a change in slow
variables (a from -2 to +4) and
external random influences (RF=6)
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Lake dynamics in De Wieden

Turbidity

turbidity

a b MNutrients

Hein 2010; Scheffer et al. 1997
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(Scheffer et al. 2009)
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Slow Response of Societies to New Problems: Causes and Costs
Marten Scheffer, Frances Westley and William Brock
Ecosystems (2003) 6: 493-502

1
ﬁ £ active public attitude

The degree of hysteresis in public
attitude towards the need to
regulate a problem is predicted to
be larger in situations with:
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(Kefi, Rietkerk et al. 2007)
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Coupling microscale vegetation-infiltration and macroscale
vegetation-precipitation feedbacks

Stefan C. Dekker, Max Rietkerk and Marc F.P. Bierkens
Utrecht University, The Netherlands
(Accepted for Global Change Biology)

Spatial model

@ — [minfall ]— [infiltrati on] + [overland ﬂow]
W (X,1) _ linfiltration|- [uptake | - |evaporation|+ [water movement]
&Pg; D_ |growth|—1oss|£|dispersal
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Hillerislambers et al Ecology 2001; Rietkerk et al AmNat 2002
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Figure 4.10 Condensed influence diagram of the pattern of vulnerability of smallholder
farmers in drylands. Grey boxes and arrows: important vulnerability elements. Blue
arrows: influence of production factors. Black arrows: general influences. +/- sign at the
arrows: positive or negative influence. Green text and lines: indicators and their relation

to the vulnerability elements.
W wRiversiet rreent Kok et al. 2011 www.pbl.nl/en




Figure 4.11 Eight typical vulnerability profiles in drylands worldwide as arising from the
cluster analysis. The lines show the indicator values of the respective cluster centers,
normalized (min/max) to emphasize the ranking of indicators amongst the different
clusters. The line colors fit to the colors used in Figure 4.4 depicting the geographical

distribution of the clusters. Kok et al. 2011 www.pblnl/en




Figure 4.12 Distribution of the eight vulnerability profiles in drylands worldwide. For the
respective vulnerability profiles see Figure 3

TN Kok et al. 2011 www.pbl.nl/en
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Pousser... mais ou?

&) Unive:




CSSENCC.

PBL (2009). Growing within Limits SOClal dllemma
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250 [min] people in
1990

Technology transfer :
Alternative Energy

SusClime

Trade : Oil for
Goods

Rich, little oil

850 [mIn] people in
1990

Poor, much oil

The Commons :
atmospheric CO,-sink




Real world? j

(i) agents optimize a country specific utility function Ui =
U(C;, Pi), where the index i specifies the consumption and
population in country i. It is based on regional planning in
a competitively managed world.

(ii) agents strife to optimize the world utility function U = U(Pi
Ci,Pi Pi). The latter is based on global planning in a
cooperatively managed world

Simulated world in [AMs
for climate policy
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(Brede and De Vries 2009)




Managing the economy as an
optimal control problem

* Given economy-energy-climate system: What is
the decision vector D=(5Y(t),5F(t), GR(t),GC(t))

that maximizes U (respecting that 1= 6, ()+c_(D+c_(D)+0 (1)) ?

* Scenarios:
- collaborative: maximize “world utility” v (>, ¢, >, P)
- competitive: maximize individual utility U(CZ,, P) |

* “Shades of grey” (1-a)U(C.P)+aU(D, C.>. P)
- (a ... altruism parameter)
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essence:
mivest m K
to maxamize U(C)
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eSSenCe:
optimal transition
fossil > renewable
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eSSence;
least damage over time
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eSSence:
max uttlity over time

O ucap



The atmosphere as a commons

* “global optimum”

- perspective of the whole world: emissions cause
global warming and damages -> restrain
emissions such that costs of emissions restraint
smaller than potential damages

* “Nash equilibrium”

- perspective of the selfish actor: every ton of my
emissions cause global warming and some
damages to me -> restrain my emissions such
that costs of restraint smaller than damages that
my emissions will cause to me

Universiteit Utrecht (q u ca D

(Brede and De Vries 2009)
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Objective 1: examine the real-world tradeoffs between countries,
given differences in oil resources and climate change vulnerability
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Objective 2: develop a platform on which complex system methods can be
tried out and stakeholders can be nteractively involved.
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Objective 3: staying below 2°C
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Climate change policy: the role of coordination

...our findings for a situation without climate change:

treating the oil resource or the knowledge stock as a common pool
resource has a similar effect: it intensifies the ToC by promoting early use of
oil and making the transition to renewables more abrupt

...there are situations in which energy demand cannot be met and the
economy suffers from energy shortages.

...with climate change, that is: the atmosphere is treated as a common pool
too,

the situation worsens significantly... with more than 2 or 3 agents, the
scramble for oil intensifies and over-all utility falls with 20-30% as compared
to the cooperative world... energy shortage become more severe as the
transition to renewable energy becomes even more abrupt.
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http://www.sustainabilityscience.eu/climex/

%‘Y{% Universiteit Utrecht O ucabD



Given Decision Situation

Independent Intervening Dependent
variables variables variable
problem actual
ali ———r———»
malignancy damage
uncertainty \ l
external-
individual risk / risk ]
e / perception oo TS individual
(worry) . ntention economic
collective risk behaviour
discourse
solvability
degree of control . ||
over (collective) percF:p tl.Ol’l
risk (motivation

I I

Previous information and attitudes related to climate change

General trust in media, trust in government
Risk attitude, self-efficacy, trust in others

Demographics: age, sex, education level, income

Background

variables External Context

Cristina Apetrei, Understanding Climate Change:
Economic Behaviour under Risk and Uncertainty (2010).
M Sc Thesis
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Research questions, for instance:
*what is the role of problem malignancy?
*what is the role of uncertainty?
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How far away from rational (optimizing) behaviour?
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* Coordination vs. competition * Archetypical patterns

* Ecosystem regime shifts *Trade network interactions
* Non-linear climate-economy dynamics * Agri-indus-serv sectoral dynamics
*Scaling laws in space *Simulation games & interactive mod

[earth system]
models
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