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Background
Introduction

This document explores ways in which a science of global systems can be used to
inform and shape better policy making, and thus help to solve many of the complex
and interrelated issues facing society and the world today. A series of workshops is
outlined, in which the body of knowledge created by the scientific research community
is concisely collated to create an informative, learning environment that will prove
invaluable for decision makers in government or business or their advisors.

A Science of Global Systems

Challenges such as climate change, financial crises, or containment of pandemics
all suffer from the intrinsic difficulty that they generate strong inter-dependencies
between different social, technological, and environmental systems. When trying to
deal with them, different groups tend to address individual systems, rather than multiple
interrelated systems, and thereby they typically fail to achieve systemic change. The
vision of a science of global systems is that scientific knowledge could act as a catalyst
to stimulate creative policy responses to such global challenges, and indeed changes
in society in general (see the links in the Resources section). A global systems science
(GSS) emphasises a ‘systems’ approach to develop scientific evidence in support of
system-wide policy options across different domains. It builds on results from advances
in complex systems, networks science, ‘Big Data’, high performance computing and the
new opportunities that information and communication technology offers. GSS also
recognises the immense potential for the engagement of civic society throughout the
process of decision making by gathering and analysing evidence. A better understanding
of this science of global systems will lead to better evidence-based policy decision
making.
‘’The key lesson I would draw from our experience is the danger of relying
on a single methodology or paradigm. Policy-makers need to have input
from various theoretical perspectives and from a range of empirical
approaches. Open debate and a diversity of views must be cultivated.’’
Jean-Claude Trichet, former President European Central Bank
To fully articulate this new approach, a growing community of researchers, practitioners
and policy makers have recently been formulating ideas, concepts and methodology
GSS Best Practice Guidelines
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through two European Commission funded projects (under the guidance of Ralph Dum
acting as Scientific Officer – see the Resources section). To provide additional input,
this document also summarises interviews with a cross section of knowledgeable
individuals, in order to help readers formulate their own ideas. Furthermore, selected
narratives of GSS in action are presented, highlighting good practice across a range of
issues. The challenge is to see how these case studies can be expanded to full global
scale across several policy domains, and examine how we can transfer this knowledge
to those in a decision making position. To promulgate this information, a proposed
curriculum has been developed and is presented here; this may be used as the basis for
future workshops initially targeted at advisors to governments.

Interviews

A series of interviews has been conducted with selected experts including researchers,
scientists and professionals to explore the role of GSS in addressing many issues that
society is facing today and is likely to face in the future.
These interviews are particularly focused on ways in which GSS can help shape better
policy making and ways to communicate change in/to policy making. Quotes from
these interviews are highlighted throughout this document and inform much of its
content. These interviews have been made publicly available as podcasts and can be
found online here:
http://bit.ly/GSDPinterviews
Many common themes that came out of these interviews, including the importance of
open transparent models, strong universal validation criteria and peer review, are of
2
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key significance in further developing the science and establishing a solid reputation. To
make GSS into a fully mature policy tool, there are many steps that were recommended,
including improved communication and developing a community
within the policy making world. Developing practical tools that
can be put into use by the policy making community is also
required. To do this, there is a need to provide funding and
incentives focused specifically on the tools rather than the
typical model of solely pushing cutting edge science and
publishing academic papers – although both areas are
important.
The following interview participants generously
brought a wide range of expertise and various perspectives
to the conversation, and made this document possible through
their invaluable contributions. Their input and participation is
gratefully acknowledged.
Interviews conducted between July and August 2013:
• Chris Rapley (Professor in UCL, former director London Science
Museum)
• Joan David Tàbara (Global Climate Forum, Universitat Autònoma de
Barcelona – UAB)
• Antoine Mandel (Université Paris, Panthéon-Sorbonne)
• Colin Harrison (IBM, Distinguished Engineer Emeritus)
• Steven Bishop (Professor of Nonlinear Dynamics in UCL)
• Paul Ormerod (Volterra Partners)
• Brian Collins (Professor of Engineering in UCL, Head of Department
of Science, Technology, Engineering and Public Policy, Chief Scientific
Advisor to UK Government Departments of Business, Innovation
and Skills (BIS) and formerly an advisor to the UK Home Office and
Department of Transport )
• Maria Angulo (UK Dept for Environment Food & Rural Affairs – DEFRA)
• Eliot Rich (Univeristy of Albany, SUNY, USA)
• Patrik Jansson (Chalmers University of Technology, Sweden)
Interviews conducted during the GSDP meeting held at UCL in November 2012:
• Jamie MacIntosh (Institute for Security and Resilience Studies)
• Lord Julian Hunt (Member UK House of Lords, Emeritus Professor of
Climate Modelling in UCL)
• Greg Fisher (Synthesis Think Tank)
• Bernard Silverman (UK Home Office Chief Scientific Advisor)
GSS Best Practice Guidelines
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“There are extremely pressing political
issues for which current knowledge does
not provide effective answers. After the
financial crisis people are now looking for
alternative economic policies.”
Antoine Mandel,
Université Paris,
Panthéon-Sorbonne

“We need international co-ordination and
co-operation to deal with the larger global
problems, but there’s a tension with power
orientated around national governments.
Complexity science and GSS can help
to develop a better approach to global
governance and collective action. What
we need is the infrastructure to help us coordinate at the global level.”

Greg Fisher,
Synthesis Think Tank
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“A key issue is to involve policy makers in
developing the models. It’s important to
have a model that can be expressed in a
visual way that non-analysts can quickly
and easily understand.”

GSS Best Practice Guidelines
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“GSS uses a much more realistic set of
assumptions than has hitherto been
workable. Using these makes what’s
enriching and endangering about
potential futures clearer. The science
supports decision-takers with a more
realistic appreciation of their options
in meeting a great range of risks and
uncertainties, and it’s not all doom
and gloom. That’s what’s vital.”
Jamie MacIntosh,
Institute for Security
and Resilience Studies

“The dominant, standard approach to
policy analysis, and that of economics, has
an advantage in that it purports to give
the answer . . . economists are formidable
opponents but in applying models to
policy-oriented questions a small amount
complexity can go a long way. It can give you
a different perspective.”

Paul Ormerod,
Volterra Partners
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“What policy makers want is answers to
questions. We need practical tools to give
recommendations. There is still work to
do. The European Commission funding in
Horizon 2020 must focus on translating the
science of GSS into policy.”
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“The rules of the game are changing. We
are moving from a supply-driven knowledge
society, where researchers solve problems
for policy makers, to a more demand/need
driven open knowledge society but we must
to harmonise both approaches. That is, we
need to meet the demands of end policy
makers and communities.”
“The challenge of GSS is not only to
unveil interconnections between
problems, but also to highlight
various possible interconnections
between a range of possible
solutions at global systems level.”

GSS Best Practice Guidelines

“The problems that we are facing are also
so urgent and complex that we need a
new approach. Good communication and
outreach is the key to show the relevance
and importance of GSS.”

Joan David Tàbara,
Global Climate Forum,
UAB
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“No one would think of building an airplane today without making a
complete simulation of it and then flying that simulation through all the
various situations that the aircraft is likely to encounter, before they build
it. So why aren’t we doing similar simulations for large scale infrastructure
development in cities or in countries, to show what the likely outcomes will
be when investing in new roads, railways systems, energy systems, climate
change mitigation and so on? We have enough data, we have enough
understanding of the systems and the complexity, so we know what is
predictable and what isn’t predictable. We ought to be able to do this. We
could run it as a simulation, almost as a game, for politicians, and let them
ask those ‘what if’ questions.”

Brian Collins,
UCL, Former Scientific
Advisor to UK Government
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“There aren’t many models of how various
political systems work. I think putting the
political system into the model could offer up
a much better understanding of the nature of
the ‘must haves’ and ‘don’t haves’ in various
political systems depending on the culture
from which they are drawn, the current
situation, and various interactions. Unless
we get the political governance system, both
of cities and of nation states, into the model,
policy makers will continually be externalised
and we’ll continually have conflict and a
perception that ‘they’ don’t understand
what’s going on’.”
Global Systems Dynamics and Policy

“This kind of systems thinking in a finite
world is something that needs taking up at
all levels in our education system. One of
the things that drives the need for a systems
perspective is that the world is not infinite
in its resources; taking something from
here leads to a deficit over there. And the
connection between those two points may
not be obvious anymore.”

“One of the starting points of an urban
science would be to begin developing a
formal way to describe a city, a formal
taxonomy. This would enable us to have
a consistent model: this is something
that has brought a lot of benefits to the
science of medicine in recent years.”

GSS Best Practice Guidelines
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Lord (Julian) Hunt of
Chesterton, Emeritus
Professor of Climate
Modelling, UCL

“Politicians understand that any policy needs to
evolve, as the facts and situation changes. But at
the moment, they are not receiving a clear picture
from scientists as to how to use systems science to
help them with ambiguities and uncertainties. It
may be that they are making things more difficult
for themselves by wanting to have only one
particular route. If we recognise this uncertainty,
then we may develop two or more different options
and, as certain factors change, then we may switch
from one to another one. This makes it difficult for
investors but it’s more realistic.”

“The whole way that science is run, is in itself a system. And I think it would be
a very interesting exercise to see more explicitly how that system works. Does
the way we employ scientists, the tenure system, grants, the post doc system,
help facilitate better science? Or does it inhibit creativity and originality? It
is not the case that science is disconnected from other parts of life. Nor is it
the case that when we work as scientists that we’re disconnected from the
way our universities and research institutions operate. One way we can help
to develop this is to have people like myself and Julian Hunt who cross back
and forth over the boundary between science and politics. Because this way
we can instinctively build the relationships and
develop the knowledge to help each other to the
best possible extent. And a very interesting thing
to do would be to turn that instinctive thinking into
explicit systems thinking. Because then it becomes
something that not just Julian or I have learned, it
becomes a model that other people can take away
and put into operation more broadly.

Bernard Silverman,
Home Office
Chief Scientific Advisor
10
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The way to communicate complex scientific
ideas to non-experts is to work with those
parts of society – the dramatist, the
playwrights, the writers, the artists – who
have a recognised role in society provoking
new ideas, changing people’s attitudes and
getting people to think outside the box. The
role of the scientist is very straightforward:
to ensure that the material that’s presented
is rigorous, robust, defensible and true.
Chris Rapley,
Professor, UCL, former director
London Science Museum

“For policy makers, it is best first to build a relationship with them as
person, sit down with them face-to-face, share a meal with them. You
need first to develop a rapport, and build trust on an interpersonal
level. Only after that should you engage in a discussion of complex
and potentially controversial science (for example climate change).
However, you need to consider the psychological models of human
nature. If they are not already sympathetic to your ideas, then it’s
nearly always counterproductive to proceed without preparing the
relationship and by hammering home the evidence. Politicians tend
to work on opinions and intuition – it’s human nature.”

GSS Best Practice Guidelines
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“I am trying to develop models that incorporate different
policy domains, to support decision making and to add
legitimacy to actions that are taken – sometimes referred
to as evidence-based policy. As an applied mathematician,
I am fully aware of the challenge we face if we are to
create models that span spatial and temporal scales in
matters of social and scientific importance. Ideally, we
would create detailed mathematical models that can help
us to forecast the impact of individual policy actions – not
only in a single domain but across sectors, enabling us to
prevent unintended consequences elsewhere. For this, we
need a systems approach.”

“Social engagement is also an important issue for me. I am impressed with various
citizen science projects which not only use extensive social networks to collect data
but also engage citizens in the wider modelling process, including assessment of the
outcomes of models. I would like to explore how we can involve people much more
in the process of decision making, by allowing them to see the global consequences
of their local actions through viewing models that we have created.”

“With another hat on, I have a personal
interest in investigating creative ways to
see how science can be transmitted to other
people, meaning policy makers and the
general public. I have a drive to understand
how we can use visual and spoken narrative
to arrive at solutions to problems. This would
enable scientists to really get their work over
in a much more understandable way.”
Steven Bishop,
Professor of Nonlinear
Dynamics in UCL
12
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Models
Models in GSS are used as a map of the world, or a specific piece of it, and can be used
to address complex problems faced by society and policy makers. More conventional
methods, economics for example, also use models but these models tend to be more
specifically focussed on one specific area and exclude much relevant information. This
can lead to unintended consequences, and when a policy relies on such a model it may
actually end up causing more harm then good. GSS seeks to avoid this by using models
that are more comprehensive and look at more external factors that may influence a
system. Essentially, this means that GSS is using a larger map that not only looks at the
path ahead, but also which paths are dead ends or might get you lost.
Models are needed for different entities (such as the number of people in a population
who take up a particular action), and also at different scales (individuals, households,
firms and nations). Mathematically, we can separate models which capture aggregate
behaviour by:
• system dynamics
• causal loop diagrams
• difference equations
• differential equations
There are also disaggregated and decentralised
models in which an individual agent in the model –
whether a person, an organisation, a vehicle, or an
organism – is viewed as a single entity within the
system:
• agent-based simulations
• complex networks
It is important to distinguish between ‘continuous’ models (which vary smoothly over
some independent variable such as time or space) and ‘discrete’ models (in which time
or space may be partitioned into unit chunks).
Each modelling perspective has advantages and disadvantages that can make one model
better than another when addressing a particular problem. Each model needs to be
designed to ensure the results are meaningful. Especially within a policy perspective,
the model must be simple enough for non-academics to understand and to provide
recommendations that can be put into action.
GSS Best Practice Guidelines
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“In this field, good practice means making, at least, some
version of the model available. That openness is very
important to validating a model. Models that are hidden
are less accessible to scrutiny – so in systems dynamics
we use white box (open) models whenever possible. Other
people can provide feedback and in turn, strengthen the
validation process.”

“In the public sector, there are many
stakeholders who have positions that
are in conflict and that interact in
unanticipated ways. In the policy arena
this results in many pressures and
ambiguities of action. “

Eliot Rich,
U. Albany, SUNY,
USA
14
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Software
Software will continue to play a crucial role in GSS, as well as in systems dynamics and
complexity science in general. Programmes are used to process the huge amounts of
data we now have access to in our increasing online and interconnected world. Software
provides user interfaces with this data and is also employed to create the models
themselves. With an appropriate model, and user friendly software, the system responses
can be simulated for various configurations, allowing us to explore interventions as well
as knock on effects. Smart visualisation allows us to view these responses and options
before we make physical changes to our infrastructures.
Various types of software are used by the modellers that were interviewed here. One
such package – Vensim – is used by scientists to create visual representations of their
models that can be shared; it also runs simulations based on the data given, which then
provides results that can be validated against real-world observations and other known
datasets. This type of software is propriety, but is available freely for educational use.
There are many other types of both commercial and open source software packages
available; a more complete list can be found here:
http://bit.ly/GSDPsoftware
Researchers often opt to create their own bespoke models using scripting languages
and packages that they write themselves, or by adapting existing open source packages
that are freely available and shared by the authors on the internet. Using this more
customised approach gives researchers greater control of their model’s behaviour and
the ways in which it is able to access and process data. It may or may not be better than
a more ‘off the shelf’ software package; this depends on the application and what the
needs of the projects are. However, the advantage of using a standard software package
is that it makes it much easier for researchers and analysts to share data and models and
easily understand models that were created by other people.
Many of the scientists that were interviewed stressed the importance of keeping models,
software and data open and easily accessible. This allows other researchers to quickly
understand a model, analyse it and then provide critical feedback. Critical assessment
and feedback will lead to the development of more robust models that can be relied
upon and trusted by the scientific community, as well as the policy making community
and the public.

GSS Best Practice Guidelines
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“It’s very important to encourage scientists,
engineers and policy makers to work with open
standards, open software and open models.
It’s also a question of trust and verifiability:
there are people out there who are sufficiently
qualified to check and look at different kinds of
models and data. This kind of citizen science
can be valuable in improving models both by
enhancing the quality and by building trust.”

Patrik Jansson,
Chalmers University of
Technology, Sweden

“One way that’s very effective in getting information across, at least to the younger
generation, is using interactive simulations and computer games. If you make it
sufficiently fun to play, people will learn without even knowing that they are learning.”

16
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A Curriculum for Global System Science to support Policy Makers
Global Systems Science

We live in a connected world. For example, it is not sufficient to consider a model for our
transport systems separated from discussions on energy, climate change, and financial
investments. Decision makers face extraordinary challenges in making choices that
influence complex systems, without fully understanding how a system may respond or
react.
An appreciation of the sheer complexity of these systems can lead to better critical
appraisal of existing models used in policy development. Furthermore, through being
introduced to specific and practical examples of GSS under the backdrop of long-term
strategic objectives, policy makers will be better equipped to develop good policies. This
is particularly important as the nature of the systems change, especially when people
are involved in the change process through two-way web 2.0, or citizen science projects.
The new GSS approach is ideal for global challenges, taking into account connections
across national borders and across policy sectors. GSS considers links between people
and their various interactions with technical, environmental and other ambient systems.
It may be that each type of connectedness plays a strong and differentiated role in
the actual dynamics of individual elements (Bishop et al., 2012). GSS uses a systems
approach coupled with a knowledge of mathematical ‘complex systems’ to understand
systemic risk and to support decision making (Jaeger et al., 2013).
GSS is most useful when:
• working across boundaries (internal or
external)
• the nature of the problem is uncertain and it is
unclear what a solution would look like
• there is a need to engage others in the
problem – on local, national or international
levels
• managing change
• implementing or developing new policies
which affect a wide range of people

GSS Best Practice Guidelines
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Aim, Objectives and Outcomes

In the exchanges with policy makers and their advisors, a clear need has been
established for a training course to introduce GSS concepts to senior policy makers in
Europe as well as a broad group of people
involved in policy making at various levels.
The aim of such a course is to develop an
appreciation of an integrated, i.e. systems
of systems, approach to conceptualising
and modelling the globally, interconnected
components that need to be considered
if we are to tackle some of today’s grand
challenges. The curriculum will inform
participants of recent advances in science
and social science as they apply to the
dynamics of global systems, and how this
new knowledge can be used in a policy
context. The specific objectives are:
1. To present the main, and new implications of ‘Big Data’, ‘Global Systems Dynamics’,
‘Complex Systems’ and new methods of ‘citizen science’ to an audience that
includes policy makers, politicians, advisors and others who will find these ideas
useful in their work. The overall goal is helping policy makers to solve real everyday
problems in the context of long-term strategic policy in a better way. The focus is
on the science of global systems.
2. Explore how these concepts and methods can be applied through a range of
carefully chosen case studies which demonstrate specific elements. The idea here
is not to push for any particular policies, but specific examples will be used in
order to illustrate practical applications.
3. Discuss how the models, and the various outcomes produced by them, form
narratives and investigate how to create new narratives to tell a story about the
models, solutions, uncertainties and policy options.
In terms of learning outcomes, participants will be able to demonstrate that they have
understood a set of key concepts and are able to apply them to real policy issues in
their own area of responsibility. It is intended that the participants will make a longterm commitment to developing what they have learned and feeding their experiences
back into subsequent courses in the training of others. This will ensure a cascade of
ideas from this new science to an increasingly motivated audience of civil servants at
all levels.

18
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Workshop sessions

The workshop will be split into three parts
Part One: Eye Opener!
The opening session will be structured as an
inspirational, non-technical briefing using natural
language that everyone can understand. This
will include short talks from a small number of
speakers, giving narrative accounts of specific
and relevant example problems brought about
by complexity, and the use of GSS in solving those
problems. The goal of this session will be to provide
an introduction and contextual framework. This
will aid policy makers and advisors to understand
the more technical information to be presented
later in the workshop.

Part Two: Systems overview
This session will introduce core concepts without too
much detail but giving a flavour of technical aspects
(which could be expanded if required)
Big Data and models
Mental maps and systems thinking
Systems dynamics and feedback loops
Outcomes: dynamics, chaos and
complexity, emergent and self-organised
behaviour, tipping points
• Modelling social systems
•
•
•
•

Part Three: Case Studies
The focus is on using case studies that address
actual issues that the audience can relate to. Two
or more case studies from the introductory session
will be dissected to illustrate universal concepts
that can easily be applied elsewhere. The case study
could be used throughout the entire workshop at
each stage to tie together theory and application in
a way that is easily accessible and practical.
GSS Best Practice Guidelines
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Detailed Topics
Data science – making the most of Big Data
The idea is to inform the participants as to what is currently possible in the data science
arena. A brief overview of the ‘3v elements’ that make up Big Data will be given:
volume, variety and velocity. The subsequent detail will depend on the timescale and
the background of the specific participants but will cover:
• Foundations of Big Data management and analysis; state of the art
• Information management; databases
• Introduction to statistical analysis: correlation, regression and time
series analysis
• Clustering and other spatial/temporal aspects
• Use of programming languages: R, SQL, Hadoop
• Text and other data analytics; natural language processing
• Information retrieval: data mining, web mining, text mining
• Data collection via citizen science and Internet of things
• Data visualisation
• Data provenance, privacy, security and governance
Models
The course will give an overview of how models are used to address real-world problems.
It will introduce the concept of modelling as a tool to gain insights into how a real world
systems operate. Some example models from different modelling perspectives will be
presented.
System dynamics, causal loop diagrams and difference equations will be used as
examples of models for aggregate variables such as flows of stocks. Agent-based
simulations and complex networks will be used as examples of disaggregated and
decentralised models, starting from the Schelling model used for racial segregation to
structures with more complex agents.
The differences between ‘continuous’ models (which vary smoothly over some
independent variable such as time or space), and ‘discrete’ models will also be
addressed. The importance of this distinction will be demonstrated by considering the
estimation of a continuous model using a computer simulation varying the levels of
discretisation.
The advantages and disadvantages of different modelling perspectives will be discussed,
with participants asked to consider the level of aggregation in the models that they use
on a daily basis. This will stimulate critical discussion of the different models presented:
what makes one model better than another when addressing a particular problem?
What are the limitations of each model, and what are the limitations of modelling in
general? How can we design a model to ensure the results are meaningful?
20
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The goal is for participants to understand better how models are used in problem
solving, as well as to improve their knowledge of different concepts such as variables,
assumptions, parameters, model states, simulations and prediction. Participants will
gain an understanding of the different issues associated with the critical appraisal, of
models and will be able to transfer these concepts when working with, or designing
their own models.

Systems
With the variables established, the flows (and rates of flow) between entities will be
visualised, envisaging feedback loops and other aspects of nonlinearity. This ‘artistic’
flow chart will establish interrelationships and interdependencies initially via a Soft
Systems Methodology. Other aspects will also be discussed, such as Strategic Options
Development and Analysis with Cognitive Mapping (primarily dealing with multiple
perspectives) and Critical Systems Heuristics (primarily dealing with ethics and politics).
Modelling Solutions
Fundamental aspects of the simulation of continuous and discrete systems will be
demonstrated. Steady state outcomes, such as equilibrium, periodicity and chaos will
also be illustrated, followed by questions of stability, which will include identifying the
rates of dissipation or divergence. Particular attention will be given to concepts that
have arisen in complexity science, such as emergence, synchronisation and system
changes (‘tipping points’ and other dynamical bifurcations).
A particular point of discussion will be the uncertainty involved with outcomes, and
how to make decisions where there are conflicting options (Foden, 2013).

GSS Best Practice Guidelines
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Narratives
In this section, a number of case studies are explored. They were suggested by our
interview subjects and focus on projects in which, in most cases, interviewees were
directly involved. To create a narrative or story, a brief overview of each application of
GSS is provided here; however there is significantly more documentation and analysis
available in the literature (see references).
Each story will explore a specific project which uses GSS in various ways. These projects
concern a wide range of topics and current global issues that politicians, decision
makers and scientists are working on in various different ways. In some scenarios, such
as the biofuels narrative, we see how – in the absence of a complete GSS-type model
– a well-intentioned policy decision can lead to unintended consequences. In the
Crossrail example, a GSS perspective led to a new economic assessment and ultimately
to the funding of a major new transportation infrastructure project. With biofuels, the
negative unintended consequences of a policy decision are examined.
The focus of these narratives is to explore some of the
ways GSS can help to influence more effective policy
making. Actions will then meet the required goals
and avoid unintended consequences by using more
effective modelling tools and techniques.

GSS Best Practice Guidelines
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Narrative 1: Ozone Layer
Country/Region: 		
International
Key Policy Issue: 		
Obtaining Global Agreements
Goals: 			
Reducing CFCs in the Atmosphere
Status: 			Success

Story

Ozone is a colourless gas that forms a layer 30km above the earth’s surface, protecting
the earth from getting too hot by absorbing harmful UV rays from the sun. During the late
1970s and early 1980s scientists became worried that a hole was appearing in this layer
above the Antarctic. They became convinced that this was not a natural effect but one
caused by the release of other gases into the atmosphere. Chlorofluorocarbons (CFCs)
had been widely used for about 50 years in aerosols, refrigerators and other cooling
units as well as in the manufacture of industrial packaging. However, scientists were able
to show that these CFCs were broken down in the lower atmosphere allowing halogens
to rise up to the troposphere where they catalytically react with and destroy ozone.
Loss of ozone would result in increased occurrence of skin cancers in humans, changes
in plankton levels in oceans and other climate changes due to raised temperatures, all
of which would be seen within decades rather than over longer periods.

GSS Approach

Probably 90% of the CFCs in our atmosphere originate from industrialised countries but
it is a global problem. The biggest changes in ozone level were seen over the Antarctic
but levels vary around the globe. This was a clear case where scientists came together to
deliver a story that was backed up with evidence and pictures. Using complex models of
chemical changes and transport, with a global perspective, which were then validated
against observational data, scientists were able to demonstrate that depletion of the
ozone was an anthropogenic consequence.

Policy Perspective

CFC production for aerosols in the US ceased in 1978 but despite the scientific clamour
to ban CFCs the European Community was slow to react. Policy makers unilaterally
agreed upon the Montreal Protocol on substances that deplete the ozone layer which
was signed in 1987 but came into force in 1989. It became the treaty most ratified
by the United Nations when 197 countries agreed to reduce the consumption and
reduction of CFCs. CFCs have now largely been replaced by HFCs – hydrofluorocarbons
which do not damage the ozone (although they also contain a greenhouse gas so there
is still work to do).
Source: adapted from http://ozone.unep.org
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Narrative 2:
Managing the Spread of Disease
Country/Region: 		
Key Policy Issue: 		
Goals: 			
Status: 			

Worldwide
Health
Predict spread of and prevent pandemics
Ongoing, case study completed in 2009

Story

As the worldwide population becomes more mobile, the risk that infectious diseases may
reach global proportions is constantly increasing. Modelling of epidemics has brought
some of the greatest insights and advances in GSS. ICT tools such as GLEAM allow public
health authorities to explore system dynamics models of a spreading epidemic at the
global scale, and then to develop policies based on these model outcomes.
Hosted by the College of Computer and Information Sciences and Department of Health
Sciences at Northeastern University, Boston, and the Complex Networks & Systems Group
at ISI Foundation, Turin, GLEAM is a global epidemic and mobility tool which combines
real-world data on populations and human mobility with elaborate models of disease
transmission to deliver analytic and forecasting power.
Luckily, GLEAM was in place when the H1N1 ‘flu’ pandemic struck in April 2009. Modellers
at GLEAM in Italy and the US immediately began profiling the H1N1 infection dynamics
and transmissibility, using the early data on the spread of H1N1 as it came in.
“During the spring of 2009,” said principal investigators Alessandro Vespignani and Vittoria
Colizza, “we continuously calibrated our H1N1 models based on actual disease monitoring
data. By using statistical techniques, GLEAM was able to produce forecasts of the activity
peak of the fall/winter wave of the H1N1 pandemic in the Northern Hemisphere along
with other quantities of interest.”
By July that year, their H1N1 calibrated model predicted that the disease activity would
peak in the northern hemisphere during the autumn of 2009, in contrast to most other
years in which seasonal influenza activity peaks in January or February.
“This early timing of the peak was significant: it coincided with the start of planned largescale vaccination campaigns, which would become largely ineffective at the population
level for mitigation purposes..”

GSS approach

Here we see a large-scale model using real-time data to deal with a world crisis. The close
match between simulated data and actual data (collected later) demonstrates the success
of such systems. There are many similar examples in other domains.

Policy perspective

Definitive wisdom can emerge from models i.e. “vaccination campaigns should take place
well before the activity peak”. Models can be used to predict network trajectories, and
decision makers should consult model makers during this kind of crisis.
Source: adapted from http://www.gleamviz.org/
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Narrative 3: Crossrail
Country/Region: 		
Key Policy Issue: 		
Duration: 		
Goals: 			
Status: 			

London, UK
Transportation and financial development
8+ Years
New underground railway line, job creation
Ongoing

Story

Crossrail is a large railway construction project underway mainly in central London. Its aim
is to provide a high-frequency passenger service, which is scheduled to open in 2018. The
Crossrail project initially relied upon standard economic models which looked primarily at
the duration of time saved for each journey. This model simply did not justify the massive
expense of the project and it was vetoed by the UK Treasury. Bridget Rosewell led a team
from consultants Volterra Partners, which applied system dynamics to the model, by
looking at the problem from a new perspective. In this scenario, they looked at entirely
new journeys, not just time saved on existing routes.
They also looked at the larger economic benefits in terms of economic development and
job growth in the city of London and the UK. Using these new models showed an increase
in “GDP benefits from £19.8bn in the February 2005 valuation to £66.7bn in the high
scenario. As a minimum it suggests that there is a very large upside; in our view it shows
that the earlier valuation is not a central case but a very conservative valuation.”

GSS Approach

The revolutionary holistic approach along the lines of GSS showed the true economic
value of the project and it was allowed to move forward and is now being built. This
systems modelling technique emphasises uncertainty of outcome and looks at a broad
range of options in a more transparent way.

Policy Perspective

A systems modelling approach brought a new perspective that clearly showed that a project
was justified by taking the wider economic benefits into account. The new assessment
implied that the UK has likely been under-investing in new urban rail infrastructure to
the detriment of the economy. In this case, the uncertainty of not acting risks further
economic damage, while proceeding with the project is expected to create new jobs and
stimulate new economic growth in greater London for many years to come. GSS widens
the scope of the possible for the policy maker.
Sources: www.crossrail.co.uk; www.volterra.co.uk/publications;
Bhasin and Buchanan (2007)

28

Global Systems Dynamics and Policy

“Models that look at benefit and the time saved based
on all the trips people previously were not enough to
justify Crossrail. So we essentially took a very simple
step of putting this into dynamic context which says:
this alters the trips which could be made, this potentially
alters the economies in the areas to which this railway
is connected. It’s very simple insight from a complex
systems approach, it just involved some dynamic
feedback. On one level it’s very simple, yes, but on
another level it is a completely different way of looking
at it. Further empirical work around this was used to
justify the project to the UK finance ministry.”

Paul Ormerod
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Narrative 4: Electricity
Country/Region: 		
Key Policy Issue: 		
Goals: 			
Status: 			

Olympic Peninsular, WA, USA
Energy
More efficient use of energy
Initial trial completed

Story

In the Olympic Peninsula, an isolated area of the northwestern United States, there is just
a single power line. This can lead to brownouts, more so if planned developments take
place. Policy makers and scientists wanted to see if there were ways of getting households
to use electricity more efficiently, in a trial of smart meter technology.
112 homes were equipped with digital thermostats, and computer controllers were
attached to water heaters and clothes dryers. These controls were connected to the
Internet. Householders found themselves effectively day trading between comfort and
cost, with their own inputs and other factors dynamically connected.
“I was astounded at times at the response we got from customers,” Robert Pratt, the
program director for the demonstration project told the New York Times. “It shows that if
you give people simple tools and an incentive, they will do this. Each household doesn’t
have to do a lot, but if something like this can be scaled up, the savings . . . will be huge,
and consumers and the environment will benefit.”
The consumer settings were very simple: a few knobs and dials. But behind them was
a sophisticated live marketplace, whose software and analytics were designed by Colin
Harrison (see interviews, above) and others at IBM. Every five minutes, the households
and local utilities were buying and selling electricity, with prices constantly fluctuating by
tiny amounts as supply and demand on the grid changed.
The result of the experiment was that the continuously dynamic pricing model turned out
to be most effective in moderating the peaks of demand – shifting energy use into less
costly off-peak times and reducing the “peakiness” by 50%. The new system is now being
expanded for tests in larger markets.
“It was cool, I will miss it,” said one of the householders, after the trial smart meter was
removed from his home.

GSS Approach

Here dynamical systems modelling is linked to technology used by the public, with each
individual’s real-time data contributing to control of collective operations.

Policy Perspective

Collaboration with scientists works: these results are already helping to inform and
shape better energy use policy, as part of a low-risk small-to-large scaling process. Public
acceptability of the programme is enhanced by individual empowerment.
Source: adapted from interview with Colin Harrison and New York Times article
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Narrative 5: Biofuels
Country/Region: 		
Key Policy Issues:
Goals: 			
Status: 			

European Union/Worldwide
Energy, climate change, food use
Develop cleaner burning fuel
Ongoing

Story

Five years ago, member states of the EU agreed to targets requiring each country to derive
10 per cent of transport fuel from renewables by 2020. The policy, which speeded the
adoption of biofuels, was part of a broader campaign by the EC to contest global warming.
It seemed like good policy, undertaken with the best of intentions. But it soon became
clear that the EU was simply not able to produce all the needed biofuel feedstocks, and
would have to outsource production to the global South. This made the policy highly
contentious. Among other things, it has (rightly or wrongly) been blamed for surging
world food prices and an increase in deforestation. The term ILUC, or indirect land use
change, was applied to describe the unintended consequence of releasing more carbon
due to land-use changes in response to the increased biofuel demand.
The Directorate General for Trade of the European Commission tasked a number of bodies
to study the problem, among them a team from the International Food Policy Institute
(IFPRI). They extensively adapted MIRAGE, a multisector, multiregion Computable General
Equilibrium Model, used mainly for trade policy analysis by the United Nations, World
Trade Organisation and the EC itself, as well as by academics worldwide, to examine the
biofuels question from a wide number of perspectives.

GSS Approach

Economic data for the model came from the GTAP 7 database, which describes the
world economy in 2004; this was extended to separately identify ethanol, biodiesel, five
additional feedstock crops sectors, four vegetable oils sectors, fertilizers, and the transport
fuel sectors. The modellers ran a range of simulations to test the effect of EU biofuels
policies according to a number of scenarios. There are important uncertainties with
respect to a number of behavioral parameters in the model, but the main conclusions of
the study remain robust. The key factors here are adaptability of models and data, but also
full cognisance of unknown factors and relationships.

Policy Perspective
The main lesson learned was that ILUC does indeed have an important effect on the
environmental sustainability of biofuels. However, under current EU mandated targets,
this does not threaten the environmental viability of biofuels. If the underlying assumptions
change, however, there is a real risk that ILUC could undermine the environmental viability
of biofuels. Non-linear effects, in terms of biofuels volumes and behavioural parameters,
pose a risk. It’s important for decision makers to grasp the real-world flux which GSS
models try to capture.
Source: Al-Riffai, Dimaranan and Laborde (IFPRI, 2010)
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Narrative 6: Antibiotics
Country/Region: 		
Key Policy Issue: 		
Goals: 			
Status: 			

Texas, USA (Worldwide)
Health
Reduce antibiotic resistance
Ongoing

Story

In the spring of 1998, the Texas Department of Health assembled a group of experts to
begin thinking systemically about the problem of antibiotic resistance and possible policy
options. The meeting produced a causal loop diagram reflecting a diversity of perspectives,
a version of which is presented opposite. This diagram identifies the basic dilemma
associated with antibiotics, that is, the fact that they can reduce illness for individuals in
the short term, but if over-used may become ineffective – regionally, nationally, or even
worldwide – as a result of bacterial resistance. Extensive and often inappropriate use
of antibiotics encourages the proliferation of resistant mutant strains of bacteria while
suppressing the susceptible strains. However, it is not clear to what extent antibiotic use
must be reduced to avoid or reverse an epidemic of antibiotic resistance, and how early
the interventions must be made to be effective.
To investigate these questions, Jack Homer (a leading US-based commercial expert in
systems dynamics) and others developed a small system dynamics model that portrays
changes over a period of years to three subsets of a bacterial population – antibioticsusceptible, intermediately resistant, and highly resistant. The details and continuing
refinement of this model are based on a case study of Streptococcus pneumoniae, a
leading cause of illness and death worldwide.

GSS Approach

Rigorous, evidence-based models can be customized to be of maximal usefulness for
clients. In the case of Homer Consulting, “an initial model is developed in the first weeks
of a project, setting the stage for information gathering and model refinement that
usually requires some months. Step by step, a model emerges that is both flexible
and realistic in its portrayal of potential futures and that can be used reliably by an
organization looking to chart a new course.”

Policy Perspective

Says Horner: “Aside from continued model development, we must also think about
how best to facilitate the use of model-based findings by the policy makers with
whom our team continues to work. A systematic approach to such facilitation involves
returning to the larger policy context of the problem and thinking further about
the resources and actions available to policy makers, as well as the perceptions,
incentives, and likely responses of the different stakeholders affected.”
Source: www.homerconsulting.com and Homer et al (2000)
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Conclusions
A detailed science of global systems would provide a more holistic perspective of
the world, allowing us to tackle some of the grand challenges that we face today. A
comprehensive, global systems methodology offers a number of advantages over
conventional techniques, producing results that will be comprehensible to all.
GSS models incorporate more data to validate large-scale models from a systems
perspective, enabling simulations to be run for various likely scenarios. The main goal
is to be able to forecast likely outcomes to guide new policy changes but, importantly,
a GSS perspective will enable the identification of serendipitous events that otherwise
might become unintended consequences.
There have been success stories which introduced scientific, evidence based decisions
in policy making; notably to combat acid rain, and the outbreaks of foot and mouth
disease and AIDS. Despite these advantages, there is still work to do to convince the
policy-making community to embrace GSS. This short document shows the way to
increase this take-up. But there is a need to provide further solid, practical, evidence
that GSS offers superior science, with more effective, practical predictions over other
conventional modelling techniques.
This strong evidence then needs to convincingly communicated to the policy-making
community as well as to the general public. It is not enough just to publish papers
in scientific journals and push cutting-edge science; a cohort of researchers needs
to be developed who can also transfer their knowledge to the various stakeholder
communities in a way that each can easily understand the outcomes and implications
of intended actions. Artists and designers can help with this, and it would be beneficial
to continue to explore ways in which complex scientific ideas can more effectively
transmitted through popular media, visual arts, video games, and so on, but the key is
engage artists in the research process itself rather that just being used portray existing
scientific results. In this way, the communication framework is there from the start,
which itself fits with the GSS ethos.
Political advisors, and advisors to decision makers generally require practical tools that
they can use. These tools should be based on solid science and developed by engineers
so they are simple to use and easy to understand. As Paul Omerod said in his interview,
“a little complexity goes a long way”. In this respect open source software and models
are important; the models need to be easily understood and open to scrutiny and critical
public analysis, in order to develop trust and evidence of their effectiveness.
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What is needed is a new community to help both sides come together and better
understand each other. Science can help in solving complex global problems, and
researchers need to advocate the use of more effective techniques that GSS offers, but
they must also understand the needs and pressures placed upon the policy makers if
this next generation of scientific tools is to be actually used. Equally if they wish their
work to have meaningful impact, scientists would do well to understand the policy
dimension and, by extension, the whole social sphere in which policies are applied.
To conclude:
• Mathematical models can now be created, at different spatial
and temporal scales, which better capture interactions of people,
technologies and the environment in the systems that govern our daily
lives.
• These models can be used to guide long term policy decisions offering
alternative perspectives to traditional viewpoints. A key aspect being the
visualisation of local action and global influence.
• A community is needed to act as facilitators between researchers
and policy advisors, translating results and explaining needs to create
narratives that both groups understand.
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Resources
Global System Dynamics and Policy (GSDP) project website
www.gsdp.eu
Global Systems Science Blog
http://blog.global-systems-science.eu
Global Systems Dynamics (GSD) project website
www.globalsystemdynamics.eu
Prof. Steven Bishop’s webpage
www.ucl.ac.uk/maths/steven-bishop
Futurium, online platform to facilitate a broad reflection on future European policies
http://ec.europa.eu/digital-agenda/futurium/
Risk Assessment and Horizon Scanning (RAHS), Singapore
http://app.rahs.gov.sg/public/www/home.aspx
Global Legislators Organisation (GLOBE International)
http://www.globeinternational.org
Narrative: Ozone Layer
http://ozone.unep.org
Narrative: Managing the Spread of Disease (GLEAM)
www.gleamviz.org
Narrative: Crossrail
www.crossrail.co.uk
www.volterra.co.uk/publications
Narrative: Electricity
NY Times article: http://bit.ly/gsdpibm
Narrative: Antibiotics
www.homerconsulting.com
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