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SYSTEMS...

totality of interconnected elements

the ability to see the world as a complex
interconnected system

Using numerical analogues — a set of equations that
describes the relationships between the elements of a
system, to understand the systems and support
decision-making in them



SYSTEMS
MODELLING

Systems modelling methodologies

Static Dynamic

* Discrete event
simulation

*Spreadsheets

Linear programming
for optimal allocation

» Agent-based

modellin
*Network models g
. i * Dynamic
orecasting optimization

*Decision trees - System dynamics



SYSTEM
DYNAMICS

Jay W. Forrester
1918 - 2016

Jay W. Forrester

Urban

ynamics

Foreword by John F. Col
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DYNAMICS
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* Based on the core concepts of systems thinking

 stocks, flows, delays and feedback loops
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* Dynamic, time-continuous

* endogenous dynamic behaviour created by feedbacks

Exponential Growth Goal Seeking | S-shaped Growth

Time — Time — Time —

Oscillation Growth with Overshoot Overshoot and Collapse
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Time — Time — Time —
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* Ordinary differential equations, integration

e computationally efficient

o X B Stock X a0
Inflow Outflow
dStock

= Inflow — Outflow

dt

t
Stock(t) = f (Inflow — Outflow) = dt
0



SYSTEM DYNAMICS MODELLING CYCLE

1. Problem Articulation

/ (Boundary Selection)

5. Policy

Formulation 2I-I DV'::m{c
& Evaluation ypotnhesis

\ J

4. Testing 3. Formulation

\

From Sterman, J (2000) Business Dynamics
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How do Integrated Assessment Models work?

— Economic

F Econom
GDP s B ‘ Outcomes
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Climate ‘ Land use

CarbonBrief

MATE

“Integrated assessment models (IAMs) are complex models of the energy-
land-economy-climate system that use socioeconomic assumptions to produce
energy, land use and emissions scenarios.” (SENSES project)



Role of IAMs in the climate science-policy interface
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FELIX MODEL
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FELIX MODEL

o To explore SDG interactions and tradeoffs, including a focus on poverty

o« Toimprove the representation of social systems in integrated assessment modelling
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Forest Land

6B
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Land Use Change
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Food Supply and Demand
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Dietary shifts
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Dietary shifts 2050
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EU projects with FeliX and SD

CHOICE




René Magritte (1929)
The Treachery of Images (This is Not a Pipe)

Cect nest nas une fufe.



1. The most important criterion for a model’s validity is
how well it represents reality.

Model 2. The most important criterion for a model’s validity is

. ue how useful it is for a given purpose.
validity an o

3. A match between the model output and historical data is a

use strong indicator that the model can provide accurate

projections of the future.

4. Multiple models can create the same output that matches
with the historical data. Therefore, a model’s validity
cannot be linked to its replication of the past.

5. Models cannot provide accurate porjections; therfore, we
cannot use them for prediction purposes.

67%

69%

6. A model user, for instance a decision maker, finds a
model credible if it can replicate the historical data.

7. A decision maker finds a model credible if it is
comprehensive and detailed.

8. A decision maker finds a model credible if the
uncertainties and critical assumptions
are communicated well.

65%

Source: Eker et al. (2018) Nature Communications
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