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Limits to growth in modelling – implications, impacts and 
challenges

Günter Haag
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One fundamental stimulus of human research
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Real world

“Was die Welt im Innersten zusammenhält” (Goethe, Faust I)
“What holds the world together at its core”

Douglas Adams (1979) formulated in his famous book “The Ultimate 
Hitchhiker´s Guide to the Galaxy” in a simple but realistic way,  

…where do we come from, where do we go and where do we get the

best Wiener Schnitzel?

natural system
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What is a model?
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Real world

natural systemModels are based on rules

Rules are based on experience

John L. Casti

country sayings and weather proverbs
in a field report

Models can be formulated and built in different languages.

models e.g. for weather forecasting in the 
language of physics and mathematics

The model should be kept as simple as possible but not 
too simple.                                                Albert Einstein
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Picturing the world in mathematics
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Physical Models

Neural Networks (AI)

data driven modelling

x

g
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y

Real world

Stokes´ law

System Theory

(Jay Forrester)

black box

mass data required

nonlinearities via transfer

function

difficult to analyse

viscosity

radius

velosity

force

Initial conditions

nonlinearities essential

Phase transitions

cycles, chaotic trajectories

uncertainties of data

scenario technique

simulation of uncertainties

distribution instead of a single value

rvF 6
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A challenge in the 70th

„Club of Rome (1972)“

MIT System Dynamics                    Dynamics of Growth in a Finite World (Meadows et. al)

(Jay Forrester) 

2022

MIT Boston  (1990)

World model (about 160.000 equations, 

95% of the world economy)

IAB-Inforge (2000) (Meyer, Osnabrück)

Modul of the German economy (MITI (Japan)),

about 30.000 equations. Development of the German 

economy (NUTS 1, NUTS2)

IAB-STASA (2002) (Stuttgart, Nürnberg) 

Evolutionary model of German economy (NUTS 3), 

districts (about 1.600 equations) 

rawraw materials

food per

capita
population

Industrial production

per capita

environmental

polution
We need a spatially disaggregated

model (Koller, IAB)
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A few limitations
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Uncertainties

uncertainties and outliners in the data

uncertainties in the initial conditions

uncertainties in the parameter estimation

Complexity

non linearities in the system may create phase transitions

new up to now unknown variables may appear (P. Allen)

social systems are capable of learning

unexpected events (Ukraine war)

What can we do?

scenarios technology - simulation of different possible events

(best, expected, worst)

simulation of uncertenties (Monte Carlo procedure)

Conclusion

not only one trajectory but a bundle of trajectories

length of forecasting periode is limited

X(t)

Var. (t)

time t

Phase

transition

Uncer-

tainty

forecasting

interval

time t

butterfly

effect
bifurcation
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Towards Interdisciplinarity 50‘s onwards
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independent development of different disciplines

physics economy sociologyurban development

ti
m

e

1950

2022

Integration of disciplines, transfer of methods, ideas by pioneers like H.v.Foerster
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Appropriate Modelling: Looking for Structural Similarities

Untertitel

generalized description of  interacting multi-component systems

Synergectics/Socio-dynamics

H. Haken, W. Weidlich, G. Haag

physics economy sociology

structural similarities

urban development

• universality (mathematics of stochastic processes)

• many subsystems

• interactions different on the micro-level beside structural similarities 

• non-linearity (self-organisation)

• fluctuations

• space-time features

• open or closed systems

brand / label

How to be seen in the 

overcrowded scientific system?
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Example: Interregional Migration in Germany
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How to model social systems
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decision process

multi-component system 

with nonlinear interactions

micro-level

decisions of individual agents

(household, entrepreneur...) 

macro-level

behaviour of macro-variables:

housing stock, traffic flows,...

Master equation

probability to find a certain

decision pattern

.................1 2 3 L

choice process

population numbers

n1 (t) n2 (t) n3 (t) nL (t)

Fij (t) 

agents

decision flows

Synergetics/Sociodynamics – The framework
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The Weidlich-Haag Migration model

���(�, �) = ��
��(�, �⃗) = ���� exp( ��(�, �⃗) − ��(�, �⃗)) ≥ 0

“individuel”

transition rate

from i to j

difference in spatial 

attractiveness or utilities

Transition rate: groups of agents

change of residence

per time unit i to j

population

living in region i

effect of „distance“

(symmetric matrix)

iu juiu ju
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employment
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services

accessibility
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Regional attractiveness and spatial preferences

regional

preference
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agglomeration

effect
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Empirical flows versus model flows (total population)

R2 = 0,98 β = 0,132; γ = 0,0163; R2 = 0,600

Munich → Greater Munich

Greater Munich → Munich

Hamburg → Pinneberg

Cologne → Rhein-Erft-district

Hamburg → Stormarn

Munich → Greater Munich

Greater Munich → Munich

deterence function
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Spatial preferences (total population): districts (401)

Cottbus

Stuttgart

Heilbronn

mobility index

Heilbronn

Frankfurt

Cologne

Hamburg

Berlin

Dresden

Bremen

families

trainee,

students

retired persons
young

employees

middle age

people

older

professionals

attractiveness

for young people

below average
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Preferences: districts (402) and communes (11.418)
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N

100 km

 - 

Präferenzindex auf Kreisebene (gemittelt 2010-2012), Schätzung E erstellt am 21.11.2014

Städte über 100.000  Einwohner

Kreisgrenze

Bundeslandsgrenze

Staatsgrenze

Bevölkerung insgesamt

 - 

 - 

 - 
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N

100 km

erstellt am 21.11.2014
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Staatsgrenze
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 - 

 - 

 - 

 - 

>  0,0  ≤  90,0
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>  94,0  ≤  98,0

>  98,0  ≤  102,0

 - 

 ≤ 

 ≤ 

> 

>  102,0  ≤  106,0

>  106,0  -  110,0

 110,0  - 140,0

Präferenzindex auf Gemeindeebene (gemittelt 2010-2012), Schätzung M

Bevölkerung insgesamt

feste Verflechtungen, freie kreisfreie Städte
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Strength of spatial interaction: Cities of Heilbronn (left) and Stuttgart (right) with other districts
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Heilbronn

Frankfurt

Hamburg

Berlin

Göttingen

Berlin

Hamburg

Frankfurt

Cologne

Bremen

Cologne

Bremen

Stuttgart
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Theories and tools: Phases of development
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Towards Nested Theories
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Phase I
static concepts

equilibrium

linear theories

investigation of 

independent 

phenomena

Phase II
dynamic concepts

non-equilibrium

non-linear theories

interactions within 

selected processes

fractals, chaos

Phase III
complex modelling

different modelling 

concepts integrated

complex spatial modelling

nested systems

GIS-modelling

Bca-algorithm

until 1970 1970 - 1990

General Systems Theory

(Forrester,  Meadows, Zahn)

Synergetics (Haken)

(H-v.Foerster,...)

1980 – 2000

Nonlinear Systems

Sociodynamics

(Weidlich, Haag,

Nijkamp, Pumain, Pyka)

Phase IV
micro-simulations

fuzzy systems,

network theory,

adaptive systems

SOC

1990 - 2010

Network Science

(Barabasi, Reggiani, Nijkamp)

Adaptive Systems

(J. Holland,…)

micro-simulations

(R. White,…)

The ideas of H. v. Foerster, H. Haken, W. Weidlich and other pioneers survive and will foster new developments

in the scientific society

The theories and tools currently available make research more effective and support interdisciplinary research

Phase V
Neural networks

Machine learning,

AI artificial intelligence,

Modelling of data networks

Industrial internet of things

Digitalization

Digital twins

2000- 2020 

Tensor Flow

Data cooperatives

(Lasi, Slama,…)
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Thank You for your attention
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