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1.Introduction: entering a period of tensions 
2.Three gaps to be bridged  
3.Some research projects and directions 

a) Use and availability of (ground)water 
b) Competition vs. cooperation in climate policy 
c) The financial system 

Kwaliteit en Toekomst 

 

More communicator than scientist… 



Scenario #1 Business-as-Usual – A Reference point 

Era of rising tensions: 

resource depletion, 

environmental degradation…    

Published with the book Limits to Growth – the 30-year Update, by Meadows et al. (2005). Courtesy: D. Meadows. 



Moss et al. Nature 463(2010)747756 

Integration: IA Models on climate-society 

What is the problem? 
Are IAMs a solution? 
And if so, where to go 
from here? 



1.Introduction: entering a period of tensions 
2.Three gaps to be bridged  
3.Some research projects and directions 

a) Use and availability of (ground)water 
b) Competition vs. cooperation in climate policy 
c) The financial system 

i. Natural science – social science 
ii. Science – policy 
iii. Micro - macro 

 



‘strong science’: 

observation-theory cycle with 
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‘weak science’ 

wisdom and  

ignorance 

attitude:  

constructivism 

Global Change Modelling: 

an increasing need to deal with complexity and uncertainty  

bridging the natural 

and social sciences 



Potential land cover map (Ramankutty and Foley 1999) 



Actual land cover map (Ellis, Klein Goldewijk et al. 2008) 



TARGETS1.0 model: 
•use of ‘stylized facts’  
•explicit use of value  
orientations  

people 

 

goods&services 

[money] 

 

food 

 

energy 

 

water 

 

element stocks 

&flows 

(Rotmans and De Vries 1997) 

Uncertainty and worldviews… 



Worldview: how does the world ‘work’? 
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Egalitarian 

nightmare 

World of 

‘missed 

opportunities’ 

Hierarchist 

crisis 

Too much 

bureaucracy 

Too little, 

too late 

bureaucracy 

World of 

‘anarchist 

threat’ 

Individualist  

utopia 

Hierarchist  

utopia 

Egalitarian  

utopia 



Fig. 18.2a Rotmans and De Vries 1997 

Individualist Hierarchist Egalitarian 

A dystopian future - the egalitarian nightmare: 
 

population decline due to the integrated feedback from greenhousegas 
emissions->climate change->declining food availability 

(Delayed) Club of Rome 

Business-as-Usual 

‘doomsday scenario’ 
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low    agreement  high 

unstructured  

problem: science as  

problem recognizer 

structured  

problem: science as  

problem solver 

moderately 

structured problem: 

science as  advocate 

badly 

structured problem: 

science as  mediator 

Chaos zone 

Teams and projects  

break up in disarray 

Vision zone 

Missions, values,  

shared vision, shared 

culture 

Rational zone 

Planning, budgets,  

defined outcomes,  

goal seeking control 

Politics zone 

Competition in a 

zero - sum game 
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low consensus on values  high 

- 

badly structured problem: 

science as mediator 

structured problem: 

science as problem solver 

moderately structured 

problem: 

science as advocate 

unstructured problem: 

science as  

problem recognizer 

CHAOS zone 

teams and projects 

break up in disarray 

POLITICS zone 

competition in a zero-

sum game 

RATIONAL zone 

Planning, budgets, 

defined outcomes, 

goal seeking control 

VISION zone 

missions, values, 

shared vision, 

shared culture 

bridging science 

and policy 



IFs model to simulate 
local/global development 

(www.ifs.du.edu) 

(cf. GISMO, Hilderink, 
Lucas et al. 2009, 

www.pbl.nl) 

IFs submodel 
set-up: 

• transparant 
• interactive 

• generic 



Stratagem: World3 made into country model as part 

of simulation game 

Goods and 

services 

Energy 

Trade and 

Finance 

Food and 

environment 

Population 

Game board: Five roles 

Games 
Metamodels 
Toy models 
… 



http://www.climateinteractive.org/simulations/world-climate/overview 



From inner to outer, from individual to collective 

(Dessalles et al. 2007, Wilber 2000) 

bridging micro 

and macro 



Application of the Geonamica software to explore sustainable development in 

western Sulawesi (Indonesia). The right side shows the high-level dynamic 

simulation model; the left side shows the underlying base maps. The CA-

mechanisms relate both. (Courtesy: Guy Engelen). 

Geography leading in discrete spatial modelling 
e.g. Geonamica (Engelen et al.), Cormas-CompanionModelling… 



(Jager et al. 2000) 

Homo economicus 
Homo psychologicus 

Agents in Lakeland: the consumat multi-agent simulation approach 

COMSUMAT MODEL (Jager et al. 2000) 

•rational deliberation only one of possible behaviours 

•also: imitation, repetition en social comparison 

•dynamics depend on degree of satisfaction and of (un)certainty  

•ambiguous role of technology: more productive → faster overexploitation 



Fishing strategies: An ABM 

Dependence on the exploitation ratio 

over-exploited under-exploited 

(Brede and De Vries 2011) 

Systems dynamics model 
Rooted in natural and social science principles, data-poor 

COIN  COllecitive INtelligence 

MG     Minority Game 

TG      Team Game 

RAND Random 

• Far above tipping point: uncoordinated and community-based strategies 

• Around tipping point: cycles short- and long term planning 

• Below tipping point: “Communism” of team games 





1.Introduction: entering a period of tensions 
2.Three gaps to be bridged  
3.Some research projects and directions 

a) Use and availability of (ground)water 
b) Competition vs. cooperation in climate policy 
c) The financial system 

a) Use and availability of (ground)water 
 as part of joint effort in IAM-GC between PBL and UU 

b) Competition vs. cooperation in climate policy 
 paper by Brede & De Vries: a social dilemma with a 
 focus  on coupling energy –transition & climate 
 change 
c) The financial system 

 analysis of role of financial system in realizing climate 
 change policy targets (within Sustainable Finance Lab)  



Sub-grid variability 

(USGS) 

Wada, Van Beek and Bierkens, AGU Fall Meeting 2011  

PCR-GLOBWB and related models: 
• Simulation of hydrological cycle (vegetation-climate) 
• Assessment of (ground)water availability (depletion) 
• Simulation of N- and P-stock and flows (eutrophication) 



Processes modelled: 
• vegetation and evaporation 
• vertical flow 
• surface water routing 
• floodplain inundation 
 
 
 
Output fields PCR-GLOBWB 
 

• Soil moisture (two reservoirs) 
• Active groundwater storage 
• Surface water storage (including lakes, reservoirs, floodplains) 
• snow cover 
• Interception storage 
• Runoff (melt water, surface, interflow, groundwater)  
• Discharge (daily, monthly, average) 
• River stages 
• Levels of lakes and reservoirs 
• Groundwater recharge 
• Evaporation (soil, canopy, open water), transpiration, reference potential 



24 

Globe N[15,225] + A[420] km3 Globe 734 km3 

Groundwater abstraction – Groundwater recharge 

All in million m3/year 2000 

India                 71 km3 

Pakistan            37 km3 

USA                  32 km3 

Iran                   27 km3 

China                22 km3 

Saudi Arabia     15 km3 

Mexico              11 km3 

Globe       256 km3 

Water scarcity 



Soil: denitrification and 
leaching (1-fden) 

Shallow groundwater 

Delay and denitrification 
 

Surface N 
balance surplus 

Cd,out 

Deep groundwater 

 

delay and 
denitrification 

Cs,in 

Cs,out 

Cd,in 

1-fden 

0.5 by 0.5 degree River basin 

1 km 

Catchment 

1 km 

Scale 

Van Drecht et al. GBC (2003), 
Bouwman et al. GBC (2005) 

Compartment modelling N&P 
Rooted in natural science principles, initially data-poor 

Nitrogen and 
phosphorous 



Total net flows of N (left) and P (right) in 2000 and 
for two scenarios in 2050 (Bouwman et al. 2009) 



Biogeochemical stocks-flows (C, N, P, H2O…) 

Ecosystems dynamics (biodiversity; ecosystem services) 

Resource use and demand  

 

 

Resource exploitation and supply 

Food/feed 

Water 

Wood 

Minerals 

Fuels/energy 

[private]  

capital stocks 

dynamics 

[public]  

capital stocks 

dynamics 

Operational 

inputs 

Consumer goods and services 

Population dynamics 

(De Vries 2011) 



Integration: the role of scale and method 

Phenomenological level: 

(meso-)observations 

Macro: large system scale 

Micro: [subsystem] 

element level 

[Simulation] differential-integral equations 

Molecular interactions (chemistry) 

Particle/wave descriptions (physics)  

[Simulation] differential-integral equations 

Ecosystems: Species interactions 

[Simulation] differential-integral equations 

Countries: game theory 

Economic systems: Labour, Capital… 

Cellular Automata (CA): [spatial] discrete rule-based interactions 

Agent-Based Simulation (ABS): [spatial] discrete rule-based interactions 



(Brede and De Vries 2012) 

(i)agents optimize a regional utility function Ui = 
U(Ci, Pi), where the index i specifies the 
consumption and population in region 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 

Real world? 

Simulated world in IAMs for climate 

policy  
What matters is coordination, 
Not optimizing and efficiency… 





(Brede and De Vries 2012) 

Most models: global optizer. Only few models explore 
regional optimization e.g. WITCH-FEEM 











(Brede and De Vries 2012) 



Objective 3: staying below 2oC 

(Brede and De Vries 2012) 



Production 

Raw materials

Transport

Services

Capital goods

Consumption goods

Energy-intense goods

Agriculture

(CES)

Materials

Renewables

Biofuels

Electricity

Gas

Oil

Coal

(CES)

Energy

(CES)

Intermediates

Fixed factor

Capital

High-skilled labour

Low-skilled labour

(CD)

Value-added

(CES)

Output

(nesting) 

No finance submodel… 



Nonequilibrium 
In real/world economic systems are many causes of disequiibria and 
associated fluctuations, mostly from delays in and anticipation of 
information, perceptions and actions 
• Labour marker rigidities create oscillations (Philips curve) 
• Investors make decisions on the basis of trend forecasting 
• Consumers determine spending on basis of income expectations 
• Technological innovations 
• …. 

Money creation 
The financial system plays an important role, according to recent views 
(Post/Keynesian school): 
• Private banks create money, when they give loans to investers, 

consumers and governments 
• The constraints on loans is set by a minimum amount of reserves (i.e. 

cash and accounts). This can be expressed with the leverage ratio, 
defined as the ratio of assets and own capital (equity, net worth) 

• The profit incentive induces private banks to give out as many loans as 
possible (within the official rules and inasfar as on the balance sheet) 

…new economics…  



Balance sheet of a (hypothetical) commercial bank: 
LEFT: assets = that which the bank owns → LOANS 
RIGHT: liabilities = that which the bank owes to third parties → CLAIMS 

(Van Dixhoorn 2012) 





What is the relevance in climate-society (or climate-economics) models? 

Economic growth 
prospect 

Employment 
prospect 

Income 
expectation 

Consumers 
incentive to take 

loan 

Government 
incentive to take 

loan 

Debt-to-GDP 
ratio 

[Probability 
of] default  

Tax revenue 
expectation 

+ 

+ + 

+ 

+ 

+ 
+ 

+ + 

Bank 
profits 

Risk 
proneness 

+ 

Long-term investments 
for energy transition 

(Perceived) impacts 
from climate change 

- 

- 



Built-in disequilibria: planned actions as the driver of more (less) loans in 
times of high (low) expectations 

(Keen 2012; Van Dixhoorn 2012) 
AD Aggregate Demand AS Aggregate Supply D Debt 

“aggregate demand equals income plus the change in debt, 
and aggregate supply equals output plus new purchases of 
financial assets” (Keen, 2012b)  



In this way, the (unregulated) financial system can intensify already 
existing fluctuations 



Do I believe GCM is useful, and if so, why? 

There are serious obstacles to advance Integrated 

Assessment Modelling (IAM) of Global Change (GC) at UU: 

• Modest interest and commitment from disciplinary 

scientists, for various reasons (publication score/status, 

own disciplinary background/concepts /methods and 

specialist network…) 

• Scientific enterprise tends to become inherently 

fragmented and application oriented → no time/money for 

more fundamental (holistic) system approaches 

• ‘Great stories’ have become discredited → ‘models of 

everything’ are impossible and dictatorial 

• ‘Earth system’ is too complex → (meta)models à la 

World3 are bound to fail 



Do I believe GCM is useful, and if so, why? 

Yet, I believe we have to continue and advance IAM-GC, 

because: 

• The world is inherently complex with nested dynamics 

across scales and domains,  that demands integrated 

simulation models to understand uncertainties, non-

linearities and associated risks, and side-effects of (more) 

interventions 

• Every local [model-based] investigation into more 

sustainable pathways is bound to happen in two-way 

interaction with the rest of the world system 

• A (meta)model à la World3 can serve as framework for 

research agenda and cooperation among researchers 

 



Do I believe GCM is useful, and if so, why? 

Yet, I believe we have to continue and advance IAM-GC, 

because: 

• Science should find ways to connect to the ‘world 

problématique’ (Sustainable Development, Millennium 

Development Goals, Biodiversity Convention…) – for this, 

we need small-scale local and large-scale global models  

• The science-policy interface must be strengthened: 

prevailing attitudes and behaviour, media influences and 

policy interventions can and will happen on the basis of 

manipulation and vested interests unless science 

contributes to (better) understanding as part of a new 

‘great story’  
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