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…and exploitation of natural resources
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Figure 4.4

Was it
progress?

How measured
and for whom?





In this lecture I will present some projects on (global and regional) 
future developments:

•The World3 model (Meadows et al. 1971) presented to the Club 
of Rome in the report Limits to Growth

•The TARGETS model (Rotmans and De Vries 1997) using 
cultural perespectives

•The IMAGE modelling framework (RIVM-MNP-PBL) used for 
IPCC, UNEP(GEO), OECD, MEA…) 

• Recent analyses of world scenarios (Earth4All) and of agency in 
relation to land use (SRC) 

The simulation models used in these projects are called Integrated
(Environmental) Assessment Models (IAMs)

Prediction is difficult,
especially of the future…
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Industrialization:
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Key question in the World3-model: how evolve the growth 

from positive feedback loops – and how to intervene 

towards sustainability?
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This is World3-03.
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The World3-model 
First version in 1971 in Dynamo, present version in STELLA
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SCENARIO NUMBER

This is World3-03.

Obtained from World3-91 by following the 

description in the memo entitled WORLD3 - 

The World3-model: population subsystem 
First version in 1971 in Dynamo, present version in STELLA

Stock units: number of people
in different age classes



The World3-model: industrial production  subsystem 
First version in 1971 in Dynamo, present version in STELLA

Stock units: capital stock 
in financial units



Stock units: capital stock 
in financial units

The World3-model: service production  subsystem 
First version in 1971 in Dynamo, present version in STELLA



Population

Industrial 
production

Service sector
production

Natural resources:
depletion

Environment:
degradation

Agriculture 
food production

Influence diagram World3: causally linked  subsystems

The World3-model: linked subsystems 
with limiting resource systems 

First version in 1971 in Dynamo, present version in STELLA De Vries 2022



World3 Trends until 2020
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World3 Standard model run (BAU)
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Scenario #1 Business-as-Usual (BAU) – A Reference point

Resource 
depletion

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



World3: a series of 10 scenarios

Capital

Output

Investment

Population Births

Productivity Fertility

+

++

+ +

+

+

Published with the book Limits to Growth – the 30-year Update, by Meadows et al. 

(2005). Courtesy: D. Meadows.

Technology
+

Resources
±#1 A Reference Point: Business-As-Usual

#2 More Abundant Non-Renewable Resources
#3 More Accessible non-Renewable Resources and Pollution Control 
Technology
#4 As #3, with Land Yield Enhancement
#5 As #4, with Land Erosion Policies
#6 As #5, with Resource Efficiency Technology
#7 World Seeks Stable Population from 2002
#8 As #7, and Stable Industrial Output per Person from 2002
#9 As #8, with Agricultural, Resource and Pollution Technologies as of 
2002
#10 As #9, but introduced in 1982 instead of in 2002



Scenario #4 More Accessible non-Renewable Resources, Pollution 
Control Technology and Land Yield Enhancement

Food crisis



Scenario #9 World Seeks Stable Population and Stable Industrial Output from 2002 on, 
in combination with the use of Agricultural, Resource and Pollution Technologies 

Overshoot  
in Footprint 
prevented

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



http://sustainable.unimelb.edu.au/sites/default/files/docs/MSSI-ResearchPaper-4_Turner_2014.pdf

Model calibration-validation in 2012…
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Four scenarios with the World3 model (Meadows et al. 2004)
BAU Business as Usual BAU2 as BAU with twice as many resources

CT Comprehensive Technologies SW Sustainable World

Model calibration-validation in 2022…
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A recent comparison (Herrington 2021) indicates:
• the business-as-usual (BAU) scenario and the sustainable world 

scenario (SW – planned stabilization of population and economy) 
correlate the least with historical proxies; 

• historical data correlate rather well with the two optimistic scenarios 
with assumptions of twice as many resources (BAU2) or comprehensive 
technological progress (CT). 

• also in these two scenarios, growth of population and economy come to 
a standstill  by the middle of the 21st century, in BAU2 with a greater 
overshoot-and-collapse than in CT. 

These findings echo the two most pressing questions: 
1) are there abundant energy and other resources but is the constraint on 

the sink side (climate change, pollution), and 
2) can the net increase in technological efficiency keep pace with the 

impacts from continuing growth in population and economic activity? 

Model calibration-validation…
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A recent comparison (Herrington 2021) indicates:
• the business-as-usual (BAU) scenario and the sustainable world 

scenario (SW – planned stabilization of population and economy) 
correlated the least with historical proxies; 

• historical data correlated rather well with the two optimistic scenarios 
with assumptions of twice as many resources (BAU2) or comprehensive 
technological progress (CT). 

• also in these two scenarios, growth of population and economy come to 
a standstill  by the middle of the 21st century, in BAU2 with a greater 
overshoot-and-collapse than in CT. 

These findings echo the two most pressing questions: 
1) are there abundant energy and other resources but is the constraint on 

the sink side (climate change, pollution), and 
2) can the net increase in technological efficiency keep pace with the 

impacts from continuing growth in population and economic activity? 

Model calibration-validation 2022…





TARGETS1.0 : Integrated Modelling and Assessment approach

Population 

& Health

Economic 

Activity

Land & Food Water Energy

Biogeochemical 

Cycles

Present, past and future of global change: TARGETS1.0

(Rotmans and De Vries 1997)



Group=degree to which an individual feels [s]he belongs to a group
Grid=degree to which relationships between individuals are formally structured

weak grid

strong groupweak group

strong grid hierarchist

Dictatorship? State

consolidation

control

egalitarian

Fanaticism? group

external threat

cooperation

fatalist 

Anarchy Mafia regime?

ineffective

ad-hoc

individualist 

Pioneer Anarchy?

opportunity

competition

(de Vries 2023)

Approach: [Eco]Cultural Theory
merging anthropology and ecology (Douglas, Thompson, Holling)

hermit



Worldview: how does the world ‘work’?

Individualist Hierarchist Egalitarian
M

an
ag

em
en

t 
st

y
le

: 
ac

co
rd

in
g

 t
o
 w

h
o
se

 

in
te

rp
re

ta
ti

o
n
 t

h
e 

w
o
rl

d
 i

s 
‘m

an
ag

ed
’?

E
g
al

it
ar

ia
n

H
ie

ra
rc

h
is

t
In

d
iv

id
u
al

is
t 

Individualist 

utopia



An individualist view

Government "help" to business is just as disastrous as 
government persecution... the only way a government can be 
of service to national prosperity is by keeping its hands off. 
(Ayn Rand)

"We help companies to grow by helping them to 
raise capital. Companies that grow create wealth. 
This, in turn, allows people to have jobs that 
create more growth and more wealth. We have a 
social purpose…“We do God’s work”.  (Lloyd 
Feinstein, CEO Goldman Sachs)

I’m glad when I enter a 
restaurant and I am 
applauded because everyone 
feels we saved the world 
(Bourla, CEO of Pfizer)
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UNEP. The Poverty-Environment Initiative (PEI) of the United 
Nations Development Programme (UNDP) and the United Nations 
Environment Programme (UNEP) is a global UN-led programme
that supports country-led efforts to mainstream poverty-environment 
linkages into national development planning. 
(http://www.unpei.org/) 

A hierarchist view

The one thing every man fears is 
the unknown. When presented 
with [U.N. troops restoring 
order], individual rights will be 
willingly relinquished for the 
guarantee of their well  being 
granted to them by their world 
government. (Henry Kissinger)

http://www.maweb.org/en/partners.aspx
http://www.maweb.org/en/partners.aspx
http://www.unpei.org/
http://www.maweb.org/en/partners.aspx
http://www.maweb.org/en/partners.aspx
http://www.maweb.org/en/partners.aspx
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GREENPEACE STATEMENT – Nestlé, maker of Kit Kat, uses palm 
oil from companies that are trashing Indonesian rainforests, 
threatening the livelihoods of local people and pushing orang-utans
towards extinction… We’re asking Nestlé to give rainforests and 
orang-utans a break and stop buying palm oil from destroyed forests. 
(http://greenhouseneutralfoundation.org/) 

An egalitarian view

"As we see the day approaching 
there's going to be a 
cleansing...there's going to be a 
purging coming forth...and 
everyone that's living under the 
immorality cover...will be 
brought down, and God's new 
breed will come forth.“ (Catholic 
evangelical Bob Jones)

http://greenhouseneutralfoundation.org/
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Fig. 17.7 Rotmans and De Vries 1997

The food transition in three utopian futures

Individualist Hierarchist Egalitarian



Fig. 17.9 Rotmans and De Vries 1997

Individualist Hierarchist Egalitarian

The energy transition in three utopian futures



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’



Fig. 18.2b 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’





(www.pbl.nl)

IMAGE modelling platform: linked models



1994

2000

1997
Safe Landing Approach

(Berlin Mandate, EU CC)

The Delft Dialogue Process

Alcamo (Ed.) (1994)
Integrated Modeling of Global Climate Change

Alcamo, Kreileman, Leemans (Eds.) (1998) 
Global Change Scenarios of the 21st Century

Rotmans, De Vries (Eds.) (1997) Perspectives on 
Global Change - the TARGETS approach

Contributions to:
•COPs of IPCC
•GHG Emissions Control Strategies
(EU, with IEPE a.o.)
•GHG Policy Options for China
(China Council)
•IMAGE-team: cd-rom IMAGE2.2
implementation SRES scenarios
•AirClim-project on co-benefits

Climate OptiOns for the 
Long term (COOL)

IMAGE modelling platform: [policy] applications

Special Report on Emissions Scenarios

(SRES-IPCC)

2003
UNEP Global Environmental 

Outlook (GEO-1/2/3)

Millennium Ecosystem Assessment
>2014 IMAGE 3.0 and many others

van Vuuren, D. P. et al. (2011). A 
Special issue on the RCPs. Climatic 
Change, 109(1-2), 1-4
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stories

models

scenarios

(IPCC 2000)

Scenarios: narratives as complements to models
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Areas suitable (i.e. generation cost < 
0,1 $/kWh electricity) for Wind Solar-
PV Biomass options

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

(De Vries et al. 2007) Role of renewable energy
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Areas suitable (i.e. generation cost < 
0,1 $/kWh electricity) for Wind Solar-
PV Biomass options

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

(De Vries et al. 2007) Role of renewable energy



Challenge to adaptation
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SSP1:Sustainability
•Global cooperation
•Rapid technology dev.
•Strong env. policy
•Low population growth
•Low inequity
•Focus on renewables and 
•efficiency
•Dietary shifts
•Forest protection

SSP3: Regional rivalry
•Competition among regions
•Low technology development
•Environment and social goals 
•not a priority
•Focus on domestic resources
•High population growth
•Slow economic growth dev. 
countries

SSP4: Inequality
•Inequality across and within 
regions
•Low technology development
•Environment priority for those 
that can afford
•Limited trade

SSP5: Fossil fuelled
development
•Rapid growth, free trade
•High technology development, 
•Environment and social goals not
a priority: adaptive, technology-fix
•Focus on economic growth

The Shared Socioeconomic Pathways (SSP) Scenario Architecture

SSP2:
Middle of the Road

UN world

Clash of 
civilisations

Markets
first

Have’s and
have not’s

(Van Vuuren 2016 pers. comm.)



KC and Lutz Dellink et al

De Vries 2023;  Van Vuuren; Riahi et al. (2016)
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…and what does this mean for welfare (€/cap), its distribution, 
well-being? Limits to [economic] growth?





Galaz, V/, and D. Collste (eds.)(2022). Economy and Finance for a Just Futre on a Thriving Planet. Report for Stockholm+50 
https://www.globalresiliencepartnership.org/wp-content/uploads/2022/06/sthlm50reportfinal-1.pdf

P[lanetary] 
B[oundaries] + 
S[ustainable] 
D[evelopment] 
G[oals] = 
doughnut

Club of Rome question remains: 
prosperity within limits

https://www.globalresiliencepartnership.org/wp-content/uploads/2022/06/sthlm50reportfinal-1.pdf


• expanded, regionalized Limits to Growth system dynamics model used to 
construct two scenarios: Too little Too Late and Giant Leap

• includes economic and finance mechanisms, (in)equ(al)ity, social tensions 
and environmental stresses

• outcomes are presented in two aggregate indicators: an Inequality Index
and a Social Tension Index. The latter is derived from the change in the 
Average Well-being Index

Latest Report to the Club of Rome (Dixson-Declève et al. 2022)
Eart4All

• deep transformative policies with respect to poverty, 
education, food, energy, trade and financing can make a 
significant difference in the quality of life of billions of 
people in the second half of the 21st century. 

• unlike previous reports to the Club of Rome, the report 
is explicit in its political-economic analysis: the title of 
the last chapter is ‘From ‘Winner Take All’ Capitalism to 
Eart4All Economies’.  



https://earth4all.life/publications/
Latest Report to the Club of Rome (Dixson-Declève et al. 2022)

Eart4All

https://earth4all.life/publications/
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Eart4All

https://earth4all.life/publications/
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• outcomes are presented in two aggregate indicators: an Inequality Index
and a Social Tension Index. The latter is derived from the change in the 
Average Well-being Index
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Eart4All

• deep transformative policies with respect to poverty, 
education, food, energy, trade and financing can make a 
significant difference in the quality of life of billions of 
people in the second half of the 21st century. 

• unlike previous reports to the Club of Rome, the report 
is explicit in its political-economic analysis: the title of 
the last chapter is ‘From ‘Winner Take All’ Capitalism to 
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Galaz, V., and D. Collste (eds.)(2022). Economy and Finance for a Just Futre on a Thriving Planet. Report for Stockholm+50 
https://www.globalresiliencepartnership.org/wp-content/uploads/2022/06/sthlm50reportfinal-1.pdf

Report Stockholm+50

The importance of land use and cover change (LUCC) –
and who are deciding



Galaz et al. (eds.)(2022)

Equity and foreign credit to deforestation-risk industries
in the Brazilian Amazon



The biosphere in the hands of a few: levels of concentration
for industries with a large impact on land- and seascapes

Galaz et al. (eds.)(2022)
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