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Executive summary:

Global Systems Science develops k#mw about global systems. Exampieslude theinternet and

the worldwide system of ties.. Global systems combine algorithmic machines with concepts taken

from game theory and a sensitivity to narratives. Global Systems Science aims at developing systems,
theories, languages and tools for computaded policy making. Natural targets imdé problems

GAOGK LROGSYGALrt 3t20Ff AYLXAOFGA2ya NBEFGAYy3a (2
design open processes for data collection, dialogue and civic engagement so as to assist complex
policymaking and to provide greater accoundd. In this way Global Systems Science will contribute

to enhanced social reflectivity and improved anticipatory capabilities. It will achieve this by
supporting design and effective implementation of integrated systemic tools and measures able to
represent reality better while coping with accelerated global changeDf 26t Q Ay GKA &
YdzOK Y2NB (KIy 2dz&aid Wg2NIROGARSQI +a A0 NBTFSNE
perspective which explicitly aims to address the complex natuckcordination of interconnected,
multi-scalar, multidomain, multi2 6 2SO0 A &S Ay idSNI Ol A 25)6bal SgstemsWa & & |
Science research should be opeoundary; its goals cannot be fully anticipated at the present. Being

at the moment a mosthgoalsearchingendeavour rather than a goal performing one, the Global
Systems Science approach requires a community which, while visionary, also shows a great capacity
for flexibility, openness and independence.



1 Global Challenges, Global Webs, and IC T

1.1 Introduction

¥he ATM changed banking practice but did not change how people saw themselves as human
beings. The computer is said to be radical because, through its instant worldwide cocatnums, it

is changing us from locally aware beings tdoglty aware being@This remark by Peter Dennirgg

lead aiil K2 NJ 2 F (G KS & SO6rpating as la Diaciplidschfituned theWeason why the
evolution of computing has reached a point where it calls for and enables a science of global systems.

While most things in life can be captured by a crisp definition anfy @S NE LINBP A& A2y | f
orWK S I R k@i Brévisional definition of global systems science (GSS) may be useful here:

Global Systems Science develops khow about global sstems like the internet, the
worldwide system of cities and many more by combining algorithmic machines with concepts
from game theory and aensitivity to narratives.

Clearly, some comments are in order. Why algorithmic machines? Because they havee begom
components of most global systems, and at the same time indispensable to perceive what goes on in
those systems. Why game theory concepts? Because they can be used to build bridges between the
world of computation and the world of joing often confictual ¢ action by human beings. Why
bother about narratives? Because they can help to keep in mind that computation is but one of many
facets of the human condition (see www.terrybisson.com/page6/page6.html).

ly KAa &S YMgfithihs, Gdméesamdk &Y L v iP&dedindtio claims thahe Internet

has arguably surpassed the von Neumann computer as the most complex computatimhatt (if

you can call itthat) ofourtim® L& aA& dzyAljdzS FYyz2y3 it O2YLziSH
and used by a multitude of diverse economic interests, in varying relationships of collaboration a
O2YLISGAGAZ2Y @ARdifdt suilth® KulttudekoSintdieSts cuts across nations to span the
whole globe. Indeed, the internet is a paradigmatikample of a global system.

Other examples are global financial markets, the worldwide fabric of agents trying to address climate
change, the global city system, the worldwide energy industry, and many more. A fundamental
problem arising in all these dgsns is how they can sedtabilize in the face of shocks despite
distributed control. The problem does not arise simply because we have not yet established
centralized control over global systems, but because distributed control is what makes globalsyste
so effectivec and actually human.

¢CKS FANBRG FYyR adAatt oe& FIFEN vY2ald AyFedsSydart |y
invisible hand of the market as a device coordinating large numbers of similar agents. This idea has
been greatly réined by mathematical economists, building massively on the ideas on game theory
first developed by von Neumann. By now, the existence of basins of attraction for the world economy

as well as for subsystems thereof (like the Eurozone) can be taken faedrasnfortunately, we

know very little about the selection between different possible basins and about the speed of
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convergence within them (and such knowledge is badly needed to addregsdbent turmoilof the
Eurozone).

A fresh start in thinking alut selfstabilisation of systems with distributed control was made by
Dutch computer scientist Edsger Dijkstra. Back in 1974 he showed that in a broad class of computer
networks the problem could be solved if and only if the agents were not all aliket M/n@ore, his
approach opened the door to the computational study of speed of convergence, second best
solutions and much more in computer networks, including the global system known as the internet.

aSIFcygKATSE (GKS aGFdzaAz2y 2ps atditeihiydes oM AMathehd&i&l & &
902y2YA04a YR DIFIYS ¢KS2NERé¢ |RO20FGSR o6& t I LI RA
study of the internet and of the world economy. Recent advances in high performance computing
and big data promise manyaore insights. But this requires a sustained effort by a vibrant research
community studying a variety of global systems in the decades to come. That is the purpose of global
systems science.

1.2 Rationale

Policymakers and society often call for evideAoased policies. But what do we exactly mean by
evidencebased policy, in particular in global contexts? What type of evidence are we looking for and
how can we gather it? To base policies on evidence is both urgent and -atiomdjng problem in
policy makig. The urgency has been highlighted by the financial crisis; interdependencies involving
financial markets have led to contagious chain reactions to all sectors of the economy and from there
to society at large, and these processes were not anticipateddtigy-makers or by the simulation
models their staff works with; so the question arises: can we do better, and if so, how?

Current societal challenges of climate change, food security, energy provision are all highly
interconnected, and at a global scalthe number of challenges our societies have to address is often
overwhelming. However, we have one thing clear: most of these global challenges have to do with
science and are highly interconnected. There are eco$ing issues across different polisgctors,

and these are no longer contained within national borders. They cannot be handled by any single
country or any precise policy. Consequently the nature of policy itself is actually changing. Policies are
increasingly crossutting and cover diffeent actors and sectors which operate at different levels,
local, global, connected through a variety of soei@nomic networks. Therefore, evidence in this
complex interconnected context is hard to obtain and hard to analyse.

One of the challenges thate face both within science and in the communication of science and
getting people to participate, is that we know relatively little about the effects of any kind of
innovation and of the functionality of existing institutions to deal with those innovetioThese
interactionsbetween innovation and functionalities have been underplayed by many engineering
approaches. As we produce such innovatioals functionalities in societathange, andhis task is
alsoshould set out to understand.



In order to syport robust decisiormaking and take the actions necessary in the face of global
challenges, research in GSS requires advances alongdiwensions: 1. Talevelop sciatific
understanding of systemsased on empirical data on highly interlinked policyiéss and 2. Develop
tools capable to ensure trust and dialogue between stakeholders and scientific modellers. This
research will have to be complemented by a vision on how to best coordinate policies and scientific
input in specific sectors to better undetand the systemic effects that often lead to adverse effects
on many of our policiesAnd we need to look for opportunities and possible solutions for society and
science so as to get the GSS vision straight. In particular, the following questions spec
interest for GSS:

1 What can GSS bring to understand and deal with global sustainability challenges? How can
GSS identify various transition paths towards a more sustainable world society?

1 When onelooks at the global level oneeeds to couple diferent types of levels and systems,
both temporally and spatially, all with féerent speed dynamics. However, we do metlly
know how to couple all thathut we need to think what particular tools could address these
complex questions.

1 What is the raé of ICT in this endeavour? From the management of extreme events, there are
already many ICT tools which can be used to support prevention, recovery and so on, but in
GSS the challenge gobeyond this. We need to agkow ITC can help us to know wkewre
want to go as a society?

One of the most complex global systems is the internet in itself, and this is a global system that can
help to understand other global systems. ITC has a radical impact on how society organises itself, and
in particular with regrd to issues of trust in models and patrticipation of citizens. ICT connects, in an
infinite variety of ways, people, knowledge, devises, business and organisations across the globe.
Thereby, on the one side, ICT addresses the complexity problem, buteootiler hand it also
creates new complexity problems.

Thus, the ambition GSS would not possible without the ITC tools. In the use of data in global
problems in our highly connected network society, while it makes it very difficult to anticipate
systemswide consequences of political decisions, policy makers still need of new cognitive tools to
cope with unanticipated consequences of their own actions. Such new cognitive tools will be rooted
Ay adaiasSvyaQ Y2RStftAy3as RI (L &nchayige mikKdselsKICTeis aleddyy S O
providing us with an unprecedented amount of data on all aspects society activities and natural and
technology consistencies. Can we profit from this abundance of data to get our actions and decisions

in policy and socigt? Can we use these data and models to guide us in this maize of interconnected
policy challenges?

In this situation, some preliminary questiospecificallyregarding ICT in the context of GSS are the
following:

-  What are the new capabilities relevanorf GSS that ICT have enabled over the last two
decades? How does it influence the ways in which science and society can tackle global
challenges in novel ways?



- How can the present state of the global ICT system evolve into a situation where global
playerslearn to act in a cooperative mode?

- How can the global ICT system become a medium ofeagtbal awareness rather than just
machinery produced by a restricted elite and fostering atrophy of civic skills?

- How ITC can support social experiments, e.g. thhoonline communities?

- How can we embed the ICT in the development of GSS?

- 126 YdzOK Oly ¢S WLzt 2dziQ L/ ¢ FTNRBY D{{ 6KS\)

1.3 A processhaseddocument

The present reportcontainsinsightsand written contributions cdécted as a result of aeries of
events that started athe First Global Systems Scienc€onference held in Brussels Wovember
2012 The overalpoal ofthis exercise has begoroduee in an open plural wathe first background
material foran Orientation Paper on Global Systems Science (G&88¢h can be used to support
strategic science policies and capacity building in this domairparicular, the present version
contains expressedviews and written contributions provided by members of the emerging
international GSS community during the following conferences and events:

First Open Global Systems Science Conference (Brussels, Novehih@0d2)
Towards a Sustainable Global Financial System (Pot&srember 8, 2012)
Dealing with the CO2 emergey (Phoenix, AZ, Februan212013)

GSS workshop on Models and Data (Brussels, Febri&gr2(13)

Urban development and GSS (Brussels, Februafy}13013)

GS&, Territorial versus functional PatternA$U, Arizonakebruary 25826, 2013)
Narratives aCommunication (Brussels <113, March 2013).

Visions of GSS: Energy Futures (Brussels9March, 2013)

Urbanizaion, Resilience and Prosperityt{oenix, AZApril 119, 2013)

=4 =4 =4 -4 -8 -8 _9_93_-9

In addition, it includes a total ofl59 contributions produced as a resudf the BJ ¢ FET consultation
process 4 workshop reports on GSS carriedt during 2013 and 0 additional selectegoststaken
from the GSS discussion blegww.globalsystemsscience.eu It also build on the work and
networking activities carried out during the thrgear EU projecGlobal Systems Dynamics and

Policy www.gsdp.edwhich also run

We hope that all these effort havallowed us toidentify the first range ofissues tlat may eventually
constitute a potentalWD EP2t 238 2F dzSadiA2yaQd Cf 2dzNRAKAY 3
tension between big questions and smallegtions We need aet of researchable small questions of
which we can work, e.aqun the role of particular ICT on city system or medical systesttsand link

them to a set of four or five big questions in order to get robust and valid insights on how global
systems operateAll this will ke ime: the problems we faceannot be resoled in the short term.
Openness and active collaboration between all of us here is a precondition for this to happen.


http://www.global-systems-science.eu/
http://www.gsdp.eu/

2 Policy Challenges Driving GSS: Case Studies

J. Doyne Farmer

Possible Definition of Global Systems ScienGéobal systems scienctudies the possible structural,
physical and cultural transformations of the earth, environment and society. It seeks to generate,
understand and study scenarios under which such transformations might occur in both qualitative
and quantitative terms, witla focus on interactions, systemic effects and emergent phenomena. The
methods used are interdisciplinary, including the physical, natural, social and computational sciences.

Global Challenges

The recent financial crisis has reminded us that achievinthisable and equitable growth depends

on many interdependent factors that are nonetheless strongly coupled together. A housing bubble
spilled over into the banking system and triggered a global liquidity freeze, which slowed the real
economy, causing unengyment, increased inequality and social unrest. This temporarily slowed
growth in carbon emissions, but over the long run has probably had substantial and largely negative
impacts on R&D budgets for green energy, thus slowing our needed transition ta-eatbon
society. With humanity consuming estimated to consume 40% of the energy fixed by photosynthesis,
the economy and the natural world have become strongly coupled and can no longer be considered
separately. To fully understand almost any of the peols we face, we are automatically forced to
consider all the other problems that it interacts with. For this we need global systems science.

Global systems science addresses a daunting set of problems requiring new and innovative
approaches. Global systemare made up of a large number of interacting individual elements,
challenging conventional thinking. They are dynamic rather than static, and probabilistic rather than
deterministic. They are very difficult to predict and control, and are permeated lylinear and
network interactions amongst the component agents. The individual elements of a system are
influenced directly by théehavioof the system as a whole, and at the same time their interactions
lead to the emergenbehavioat the aggregate levaif the system. The '‘common sense' connection
between the size of an event and its consequences no longer holds. Small changes have the capacity
to trigger large scale events. Such problems require the development of new methods.

Citizen science, ITC amsdstainability

Vitorio Loreto

The issue of sustainability is now on top of the political and societal agenda and is considered to be of
extreme importance and urgency. There is overwhelming evidence that the current organisation of
our economies and saaties is seriously damaging biological ecosystems and human living conditions
in the very short term, with potentially catastrophic effects in the long term. People's individual
actions have impacts both on the local environment (e.g. local air or waiaity, noise disturbance,

local biodiversity, ...) and at the global level (e.g. climate change and use of resources). Urban
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environments represent a crucial example. It is now estimated that over 50% of world population is
living in urban areas, with segrly growth rate of about 2%.

The need for a reorganisation of our most impacting daily activitesgergy consumption, transport,

housing- towards a more efficient and sustainable development model has been recently raised by

the public debate on seval global environmental issues. Unfortunately, the achievement of such a

goal has been undermined by the difficulty of matching global/societal needs and individual needs. A

lot can and must be done from the technological and peti@king perspective, foexample to build

passive houses, develop renewable energy, promote alternative transport modes, and so on, but it is
only when people become fully aware of their actual environmental conditions and their future
consequences that the much needed changeethaviowill truly happen. In a recent statement from

the head of the European Environment Agency, J. McGlade, there is a realisation that only through
bottom-dzLJ F OQdA2ya ¢S Oly RSIt @gAGK G2RIFé&dUa OKLFffS
envirorment is in the hands of the many, not the few... That means empowering citizens to engage
FOUAGStEe AY AYLNROGAY3I GKSANI 29y SYOBANRYYSYyGs dz

Recent progress in Information and Communication Technologies (ICT) can triggmtairh
transitions at the individual and collective level. They imagine a scenario in which active citizens can
help gathering sensible data through participatory sensing and social computation activities. The
outcome of this data gathering has a twofofalrpose: (i) stimulate individual and collective
awareness and learning and (ii) provide relevant inputs for data analysis, modelling and decision
making

2.1 Urban Systems

For an extensive treatment of Urban Systemsalsethe reports fromthe EUNOIA mé®g and of
GKS W NBIFyAal (A2 yE3aS Nikdh@Eedtions X.3 andiB4). Yy R t NP

2.1.1. Introduction

World society is rapidly becoming an urban society, with city systems coalescing into a global urban
system. The global ICT system is closdbrating with this dynamics, leading to new degrees of
freedom and new challenges. Traditional ceAperiphery structures are displaced by more complex
patterns, the received distinction of nature and culture is put in question, and urban lifestyles are
blended with the global awareness fostered by ICT.

Worldwide urbanisation is welcome for several reasons:

- since their origins, cities have been powerhouses of innovation, and innovation is badly
needed to address the global challenges of our time,
- alongwith basic education and increasing welfare, urbanization is a key factor to achieve the
necessary end of global population growth,
- cities are hotbeds of pluralism, potentially enriching the life of their inhabitants and leading to
institutions shaped bympowered citizens.
11



Worldwide urbanization raises major challenges, however:

- innovations may well go in directions that worsen already worrying trends,

- urbanization can undermine human communities so as to lead to new forms of violence and
anomie,

- health problems from circulatory diseases to cancer can be exacerbated while problems like
obesity and new strands of micarganisms reach epidemic proportions.

GSS will explore how the interaction between the global urban system and the global ICT system are
changing settlement structures and lifestyles, and how peti@kers can influence their future
dynamics. It will do so by relying on case studies, creautced data, simulation models, and action
research.

Hence the following research questions are reletv with regard to the urbanisation and
globalisation: What is the global system of cities? How is the meltin which different kinds of
cities are linked with each other and in different ways? How different ways of structuring networks
can be concerd (e.g. in a more sustainable way), for instance, by a transport systems focused and
structured on demand rather than on suppiywith an intensive use of ICT (e.g., Smart Cities). 3.
What are the wider implications of the Information Revolution in #hnesntexts?

Urban systems are one of the major fields of application of global systems science, for which a global
perspective is necessary to be able to describe the fundamental problems and identify the different
systems and subsystems involved in theisolution. Indeed, almost all problems arising to decision
makers in a city or in a city network share the following characteristics:

1. They involve many different heterogeneous systems, like for example the transportation
systems, thebehavioof citizens themselves influenced by their social networks, or the
energy systeng those of course depending on the problem addressed.

2. These systems evolve at different time and space scale.

3. They are coupled (the dynamics of transportation systems is impacted gratimthe social
behavioof individuals) or belong to hierarchies (one system being a subsystem of another
one) among which administrative (possibly overlapping) hierarchies.

¢KSAS OKIFNIOGSNRAGAOA K& WBS KK LIONSDE KEsyFcMmOdza &R |
one time/space scale cannot catch the targeteghavioand the emergent phenomena.
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2.1.2. Towards a GSS theory of urbanisation.

Sander van der Leeuw
Introduction

This white paper is a first attempt to design a research program thateivas urban dynamics and
urbanization as part of the changing global system. It is based on the first two of a series of
workshops held by the GSDP program in collaboration with Arizona State University. The first of these
workshops was held in Tempe o2MSYOSNJ M YR HXI HAMH dzy RSNJ i
{dzaGFrAYylLoAfAGEY YR wSaAftASyOSeés yR oO60NRdAAKG
Yale University, University College London, the MIT Media and Senseable City Labs, Michigan State
University, UNGharlotte and others. The second workshop consisted of three sessions on urban
dynamics at the GSDP second annual Open Science of Global Systems meeting, in Brussels on
November 810, 2012. It brought together scientists and practitionersrirdC London (CASA), Veolia
Environnement, the University of Paris |, the Santa Fe Institute, CSIC (Spain), Virginia Tech University,
the Global Climate Forum, La Sapienza University, and others.

This white paper is based on the discussions held at thesemorkshops, but does not pretend to be

a report on them. Instead, it is an attempt to set a first step towards a GSS research program on cities
and urbanization. It will be refined as a result of other workshops still to be held in Brussels (by
EUNOIA, ébruary 1314 2013) and Phoenix (by ASU, Februan242013 on Global Systems
Science,and April¥a 0 2y WLYYy2@0FGA2Y YR ! Nbly {daAadGl Ayl oA

Context

Of the roughly 7 billion people on Earth, 3,5 billion (50%) live in cities, and within the coemnty,

this is expected to rise to 80% (some 6,5 billion of tiel@llion people expected). The development

and growth of urban systems is the most constant dynamic in human societies since about 6000
years ago, and in recent years individual citiesenreached proportions that were not imaginable

even fifty years ago. In effect, since the earliest towns emerged, urban systems have multiplied and
grown thousandfold. Recent research attributes this to the fact that most innovations emerge in
cities, sothat they act as drivers for the surrounding rural society. Yet individual cities are the least
sustainable and most vulnerable institutions in our societies. They are centers of wealth disparity and
social insecurity, loci for sanitation and waste prabte sensitive to epidemics and other health

issues; they are energgtensive and high infrastructure maintenance, they are often noisy and
polluted, etc. Cities innovate and change rapidly, but the trajectories they take are difficult to predict

or to impact. They consist of many tightly entangled interactive networks of cables and tubes, streets
and avenues, businesses and social groups. The huge investments in their creation and maintenance,
as well as their tight integration make them highk systemsjprone to external and internal
perturbations. They are highly muBi OF £  NJ Ay &aLJ} OS IyR GAYST GKS A
FYR Wi2L) R26YQ Aad yY2¢6KSNB a LINBIylyd a Ay C
become a major topic of intest to scientists and to politicians, decistorakers of all kinds, and the
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general public. Though the research is done in tcaisciplinary teams, it remains essentially
sectorial (focusing on water, energy, pollution, metabolism, etc.). We must chamgybytimaking an
encompassing investment in Complex (Adaptive) Systems modeling of urban dynamics, aiming to
deliver a coherent set of portable models of urban dynamics. To understand urban dynamics, and to
effectively make decisions about cities and urbsystems, such a complex systems approach is
essential. But we must do more; we must view the dynamics of urban systems as part of the wider
dynamics of the Earth as a complex system (hence the inclusion of this theme in a research agenda
on Global Systems$cience, see Dum 2012). Doing that will transform our understanding of
urbanization in many different ways, among which the following are important:

1. Focus on urban systems instead of individual citje Pumain 1992). Work in Europe on Europe,

the US India and S. Africa shows that one gets a much better perspective on théelongirban
dynamics when one does not look at individual cities, but at the systems of cities (from large to small)
that interact in urban systems. At the top level, the wodiban system, in which Singapore, Hong
Kong and other major trading cities (Shanghai, New York, London, etc.) are linked seems to be the
appropriate level of urban analysis to determine the sustainability and resilience of these cities. At a
level below, ssentially that of continents, the same can be said for places like Paris, Berlin etc. in
Europe, Philadelphia, Boston, L.A., but also Phoenix. The research shows that the resilience or
sustainability of cities is to an important extent determined by cotitmn between them at such

levels, and that spatial, legal, demographic, resource and innovation differences play an important
role.

2. Apply complex systems concepts and approachBecent research (e.g. Bettencourt & West
2010) has shown the power obrceiving urban systems as complex systems, in which dynamics
among actors at many different levels interact to create the patterns observed. Most of the dynamics
are driven bottomup, and can be modeled in mulével models that use ageitased modeling,
network analysis and other complex adaptive systems techniques. At issue here is that urban systems
combine hierarchical and market dynamics, and that the analysis therefore needs to be able to
combine both. One possible approach is to decompose the udyaamics into intersecting subsets
based on the temporal dimension of their dynamics, such as has been proposed by Allen (Allen &
Hoekstra 1993) and by Gunderson & Holling (2002).

3. Combining different modeling technique3he complexity of urban dynans makes it essential to

model these to improve understanding. Many different modeling techniques are available. In
creating a CAS perspective on the dynamics of the whole as well as the individual parts, we could for
example combine various Agent Based RM8f & O NB Tt SOuddaLytA Qi2KYSLI2 W8 ¢
behavio(individuals, families, companies, etc.) with Network Models reflecting the various urban
infra-structure networks and the social networks processing information in the city. Differential
equation modeh O2dzZf R NBH2 $§YQ 0 KB bihauisyliks, igshitutions, external
conditions), etc. The (mulcale) spatial structure could be included as a set of GIS layers with
transition matrices that set the conditions for changes in spatial stinect

Studies of the current sustainability predicament indicate that recent and future developments in
information technology will (have to) play an essential (and growing) role in extricating our societies
from that predicament. As this research agendali® 6S LI NI 2F GKS 9! Q:
Communication Technology Directorate, we have paid particular attention to the future role of
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information technology in both the research on urban dynamics and in developing tools that will
enable us to implement theesults of that research in both polieyaking and dayo-day adaptive
management of cities. In the following pages, we have therefore divided the issues into three
categories:

1. Questions to which an answer is necessary to understand fundamental dybamics and
therefore to impact on such dynamics in the future

2. Questions relating to the potential impacts of ICT on the global urban system

3. Questions regarding ways to improve the sustainable management of the global urban
system through enhancedse of ICT

1. Questions to be answered to understand fundamental urban dynamics and-padtmon such
dynamics in the future Cities are doing wetr are they?

Superficially speaking, cities seem to be doing extremely well. They constitute the niestqra
characteristic of societies since about 6000 years ago. In the last few centuries they have grown to
encompass an increasing proportion of the world population; all over the world rural populations
have for centuries flocked to cities in an attetrtp improve their material conditions, and in some
parts of the world (e.g. China) government views them as a solution to many challenges and goes out
of its way to build them. Recently, urban life has become the dominant mode of life worldwide, and
in many countries. It sometimes seems as if urbanization cannot be stopped.

On the other hand, cities are a major source of challenges in many domains. They require major in
vestments in infrastructure that all but the wealthiest of nations cannot afford.yTgremote social
inequality, economic misery and illnesses of various kinds. Though they may add to overall
productivity, that has a high social cost. Although taken singly they may in some cases appear to be
energyefficient in the sense that living in dee cities requires less energy (mainly for transportation)
than living in the countryside, we should not forget that our urban society uses about 100 times as
much energy as is needed to maintain each individual alive. Altogether, cities are in effigttlya h
vulnerable part of our global system.

Drivers of urban dynamics.

The apparent contradiction between the ubiquity of urban life and the challenges that it poses leads
dza (2 F2N¥dzE I 0SS | FANRG NBASI NOK itjudeS folpisk §6ry a2 ¢
F33aINB3AFGA2y Ay OAGASE y206A0KAGFYRAY3 GKSAS OK
course many of these, and different ones in different situation, at a more general level there appear

to be only two candidates: accunation of energy and matter or accumulation of knowledge and
information. For a long time the energy perspective dominated, and in certain sense it still does when

we cite future shortages of energy as the major reason why our society might disintegrgte (e.

t G171 ST 9 ¢FLAYGSNE wanmmOoOd wSOSyld 62Nz acoOmMS 27
research project, seems however to indicate that the accumulation of knowledge is the ultimate
driver of urbanization (Bettencourt et al. 2007; FloridaO2pD This, then, raises the next major
NBEaSINDOK l[dzSadGAazyay a2Aftft | oLRGSYGArfo €4+ 01 2
NByd ¢Fe& 2F tAFS0 a 6S 1y26 AGKE YR aLF GKI
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structure of our civilization to maintain its continuity, yet deal with a substantive reduction in

I oFAfLrofS SYySNHeKé h¥ O2dzNES SySNHe@&e Aa odzi 2yS
depends, although it is the one that is currently most discussed. Waigf@od are two other ones

that spring to mind. One must therefore also ask the above two questions for resources such as these
(and others).

Approaching the challenge from the other side, looking at the current mode of information gathering

and processig, its consequences for our current mode of life, and how the future of ICT might affect
urbanization (if society does not collapse due to lack of energy), we come up with different, but
NBflIiSRE jdzSaidA2yad CANRG 2 % adcdmilatignlofiknowl&dgeNis |
urban centers and the increasing disparities in wealth, knowledge, culture and material
OANDdzyaidlyoSa (GKIFIG 2yS 20aSNWSa Ay OAGASaAKE ¢K
lead to such important disequilibri@gand potentially ruptures) in the coherence of our societies that
GKAA YAIKG NBadzZ G Ay OKIFI2aKé FyR AGa O2NRff I NE

LINEPOS&aa AYF2NXNIOGA2Yy (G2 SyadaNB GKIFIG GKIFG R2Sa y:
Inside the Global Urban System.

Although we have written the last paragraphs with a clear focus on the urban part of our current
global system, their significance went beyond the urban system itself, and included the whole of all of
our current societies. In this section, we want t@wve a level down, and ask questions pertaining to

the urban systems themselves. Here, again, there is currently no overarching perspective that is
widely accepted as being able to explain and predict a wide range of aspects of urban dynamics and
phenomenalndeed, there seem to be two dominant approaches that complement each qthies
metabolism approach and the network approach. The former looks at the material and energetic in

and outputs of cities, while the latter pays attention to the various kieds NIt | G A 2 y &4 KA LJa
G§KS ORA G & anil B Bh& inkr§ indDlved with the structure of urban relations. For the moment,
YSAGKSNI KIFIa YIFRS YdzOK KSIFRgl& Ay FailAy3a GKS
adzadlAylFof S OA G 8utthdybed&ambiition & the twokappkodchds ight help us
KSNB> LINRPYLIIAYy3 dza G2 Faly aa2kKFG Aa GKS aidNWzod
FNIYSG2Nl X YR 6KIFIG {AYRaA 2F Fft26a INBE GNIYyava
Gl 26 R2 GKS ReylYAOa 2F (KS @FNAR2dza ySGg2N)l a A
REYIlIYAO04d AYLIOG 2y YR NP AYLI OGSR o6&z GKS dzN
resources; energy, water, food, materials, but also ideas and pgeapand all sources (the whole of

the world trade network). Urban network science is in its early stages, and there is a lot to be done in
this domain. It will be important to deal with all the various aspect of these flows, such as their
nature, volumeyalue, frequency, local importance and effects, etc.

And in particular, it will be important to get a good sense of the structure of the networks. For the
resource networks, one expects a dendritic structure (assembling resources from many places and
digtributing them to many other ones), whereas information networks combine elements of both
hierarchical and market (distributed or heterarchical) organization in different ways that affect the
resilience, and thus the sustainability, of the system. For etejfHuberman & Hogg (1988) have
shown that with time, the complexity of hierarchical seffjanizing systems is reduced, as are their
rate of evolution and their adaptability. On the other hand, it seems that very large distributed
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systems also have diffilty adapting due to the persistence of noptimal strategies (Ceccato & Hu
berman 1988). However, the introduction of globally controlled (hierarchical) communications in
market systems causes them to lose their penchant for retainingaptimal strategies, whereas the
existence of untied (heterarchical) connections in a hierarchical system increases its adaptability.

LYS@OAlGlIoftes I KEBONARR A0GNHzOGdZNBE gAft RSOSE2L) 4K
The crucial questions here refe2t G KS ol f 1 yOS 6Si6SSy (KSasS (g2
oFftlyOS o06SG6SSy GKS KASNINOKAOIE FyR (GKS KSi
2NBFYATFGA2YKE YR 6126 R2S8a GKAA oFftlyOsS AYLI

sl AylroAfAdeKE

Macroregional urban dynamics. At this level, we must consider some of the differences between the
very large regions that make up the current socioeconomic world, such as North America, Europe,
Australia, China, India, South America, A&friand the ways in which these differences impact the

global urban system. But it should be noted that some of these regions are made up of smaller units
that are only recently growing together, intensifying their interactions and their symbiosis. This is
easiest seen in Europe, where over the last sixty years the various national urban systems have begun
02 YSER Ayili2 2yS 20SNI NOKAYy3d 9dzNRPLISIY dzZNblFy ae
change in scale, and the urban dynamics are evolvegart of that process. That poses the
jdzSadA2yay al2¢ FINB (GKS ylFraGA2ylf dNblFy &adeaidsSys
borders, being integrated into the supsal G A2y f &d8aGSYKéX a2 KFG RNAGS

A 2 s oA

the variablesthata O4 A G~ FyR I NB I FFSOGSR o6& AUKE

The dynamics at this level are the result of the articulation between the urban system dynamics and
overall trends in each area such as their demography, the nature of their economy, wealth
disparities, resource availalylj climate and so forth, as well as the dynamics of (political, social and
cultural) institutions, etc. It is fundamental to our understanding of the current and future
trajectories of these macroegional systems that we understand the interaction betwethis
complex set of regional trends and the urban dynamics in the area.

To an important extent, relative differences between these trends in different places are affecting
the trajectory of the urban systems at the maaeygional scale. One would themk need to ask:

Gl 26 R2 (GUKSaS NBtFGADBS RAFFSNByOSa | Oddz tte 7
I NBFaKé C2NJ SEFYLXSY da2A0K LRLMzZE FGA2Yy ANRSGK A\
in Europe: how do demographic differaagaffect the urban systems of these three marzgions,

YR GKS AyGSNYOdA2ya o0SG6SSy GKSYKE al2g R2
economic structure, productivity, wealth level, resource availability, etc. affect the dynamics of the
regey Qa dzNBly &aeaidsSya O2YLI NBR (2 204KSN) 34dzOK ae
the evolutionary state of the systems is taken into account, but equally that such comparisons not be
limited to economics in the traditional, macroeconomic sertagt also include a wide range of other
parameters (such as, for example, energy efficiency, innovativeness, productivity, income
differentials, etc.). Once a relatively detailed picture of such maegwonal differences and dynamics

has been gained, ongan then move onto the next lowest level, that of the local urban dynamics.
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In particular, at this level, we will therefore make an effort to better understand the relationship
between territorial and functional patterns as a key problem for the emergiagnce of global
systems along the following lines:

®w ¢ SNNA G2 NR | -peripbdry(siiustiNgs Zeivergedd/idfdddation gradients in nation

states and empires

w CdzyQiAz2ylt LI GAIGSNYyay RAGAAAZY 2F {1 02NE
professions, social and professional networks

w wSySglroftSa yR 3Ift20lFf SYySNHekYI GOSN FTf26:
global economy, the role of trade, policy and finance

w [/ 2YLMziAy3a yR 3t206Fft Ay T2NNompukidgyhiertrtheat a Y
and northierarchical networks, money flows as information flows Local urban dynamics.

At the level of local urban dynamics, there is an immense literature that deals with virtually every
aspect of urban organization, function aedolution from any imaginable perspective. It is at this

level, therefore, that the articulation between the Global Systems Science perspective and extant
work is at once the most poignant and interesting, and the most difficult and necessary. It is where
0KS NHz2O6SNJ) KAla GKS NRIR® a/ly + Dfz2olf {&8&adGSy
GKIFEG KFLIISya Ay AYRADGARIzZrt OAGASAKE

2S GKAYl GKFG AG OlFlyo 2KFEG KFELIISya G GKAA SO
dynamics in its mao-regional form and the local circumstances (spatial organizatiosotgces,

past history) of the particular city that one is studying, and this articulation is determinant for the
success and sustainability of that city. Hence, in our opinion, artinglabetween a coherent
approach to the global urban system and the regional and local circumstances is the only way to
arrive at explanations of what happens in individual cities that allows comparisons between the
latter. This requires assembling a cobetr model of urban dynamics. Lack of a coherent and widely
accepted theory of urban dynamics has thus far hampered any efforts to create such a model. We
would argue that such a model should bring together the network and the metabolism approach.
Bettencout (in press) has argued cogently that the state, structure and extent of the transport
YySUs2N] RSGSNX¥AYySa Ylye FalLlsSota 2F GKS OAdeQa
communication and energy/matter flow networks, including such domasdistribution etc., as well

Fa G0KS a20Alt ySGte2Nyla Ay (GKS OAldesxs 2yS ¢g@dzZ R )
that which accounts for the close spatial proximity and entwined nature of many societal functions.
Comparing urban dymaics between different cities in this light would thus have major advantages
2PSNJ OdzZNNBy i F LIINRIOKSasx a AG ¢2dzAZ R Fff2g dza
A0NHzZOGdzNAYy 3 20t a20ASGASEA I yRockwindlkitiesJAy3 GKS

2. Questions relating to the potential impacts of ICT on the global urban system.

By removing the material basis of information transmission, the ICT revolution will potentially also
fundamentally change the actual urban dynami¢sat levels from the global to the local. As eut
lined earlier, urbanization requires both increasing informatpncessing capacity so as to maintain
a high level of invention and innovation and a sufficient matter and energy flow to meet the needs of
the individuals and the infrastructure in the city. In the pattern of urbanization that emerged over
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time, hub-and-spoke systems of larger and smaller cities connected by roads and transport networks
between them channelled all three flons matter, energyand information¢ and urban growth
patterns as well as the geography of urbanism were thus determined by these flows. In the last thirty
years, ICT has fundamentally changed this. Information flows are now no longer constrained by
transport networks, andterefore do no longer follow the huind-spoke pattern that generated the
urban landscape. As this process advances (it is currently only at the beginning), we might therefore
see a very different urban geography. The differences will in part be deternbpéide geography of
energy, and therefore the future of energy.

If we assume that for the next couple of hundred years our societies remain dependent on fossil fuel,
this will on the one hand maintain the current spatial configuration in the westerntcesnwhich is
determined by current pipelines, grids and road transportation networks for solid and liquid fossil
fuel. But on the other hand, global warming will lead to important rises in sea level, and thus the
disappearance of many coastal citiesgueing us to deal with the migration patterns that are
inherent in that change, as well as the changes in trade patterns.

If, on the other hand, we assume that alternative fuels will indeed become a more important source
of energy, this may change theban geography because it would enable many cities to become in
dependent of the existing energy networks, generating enough solar and wind energy locally to avoid
the major investments needed in the creation and upkeep of those networks. We have sewifaa si
change in telecommunication networks, where radio, television, web and cellphone are taking over
from landlinebased communication. In such continents as Africa, this is increasingly enabling
changes in other domains, such as removing the need fandir offices of many companies, which
thus far constituted an important component of cities. Were we to invent means to transmit energy
via electromagnetic waves rather than cables, a similar change is conceivable in-exlergy
domains. Matter transpdris less far advanced, but we are beginning to see signs of delocalisation
there, too. Amazon and eBay are early examples of this, as they reduce the need of the customer to
go any particular place to acquire the goods that facilitate daily life. Webrimigleof household
goods contributes to this as well. If one were to develop a material culture that is adapted to the
increased use of-B printing, this development could become more and more importargven
though the distribution of basic raw materiaisll remain dependent on the transport network.

We conclude from these examples that a number of the constraints that have led to the
concentration of population in cities are likely to be relaxed in the coming century, which might in
theory enable the re-dispersal of people in the countryside. This is where other environmental
factors come into play. The increasing stress on those surfaces that serve currently to provide food is
likely to lead to important increases in the relative price of meat artd (fighich require inordinately

more energy to produce), thus pushing our food systems to become more and more geared towards
vegetarian diets. That in turn could easily enable an increased use of local production in many parts
of the world, further reducinghe need for bulk transport (of foodstuffs).

It will be the task of Global Systems Science to begin to posit and answer the many questions that
trends like those outlined will generate. From among those, we only mention a handful:
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w ¢KSasS R Seeditaindivatyashift to a more heterarchical social system, in which it is
more difficult to control information flows. Such control is essential in order to maintain the
coherence of societies, which is based on the alignedness of individuals azonoepts, ideas and
culture. This alignedness has thousands of years partially been assured by geographic constraints, but
these constraints are weakening. How can ICT help us to find an alternative balance between
individual diversity and societal cohesf

w 2Aff GKSNB 0S 20KSNJ O2yaiN}Ayida dGdKFd O02YS Ay:
argued elsewhere (van der Leeuw 2012), solutions lead to challenges, lead to solutions, lead to
challenges, and so forth. Part of the task of Glolyak&ns Science will be to look at those challenges

and devise perspectives that enable us to anticipate them. One importaiaingte is the future
distribution of employment. Much urban immigration is driven by the expectation of urban
employment, and theabove trends seem to point to delocalization of such employment. How will
these two trends articulate?

w |26 Attt GKSAS (GNBYyRa IFFSOG GKS LI GGSNYy |y
people interested in our societies? Recent researclsadio relates innovative capacity to spatial
LINBEAYAGE 2F fFNBS ydzYoSNa 2F (KS WONBI G§A@S Of
colocated in cities. One may distinguish cities in which truly original innovation emerge from cities
that specialize in recombination of existing technologies, and from cities that focus on elaboration of
technologies. The spatial relationship between these cities4determined by the role each plays in

the fabric of society. How might that change in a dimstted world?

3. Questions regarding ways to improve the sustainable management of the global urban system
through enhanced use of ICT

To pose the third set of questions, it is important to point to another, very different, trend: the use of
Big Data teenable much closer finuning of the management and organization of our current social
systems and institutions, including the health abehavioof individuals. Here we will be moving
FNRY 46KIFEG LQR OFff | Wadl GAZO0ROP f / dzMNNBIR Gk OKD  Yils
societal processes essentially depends on a statistical approach to understanding arafjingsn
them, in which common denominators are identified in perceptibehavioand interaction, and
these lead to the creation of adap# institutions that channel them. The precision of this approach,
and hence its effectiveness, was limited by the information available, based on censuses, opinion
polls and other social science tools. In the medical field information acquisition wasvadhjand
limited) by other tools, but the effect was the same: treatments and drugs developed to have a
statistical success rate, rather than an assured individual one.

Big Data offers the possibility to acquire such data in incredible detail and irimeal Currently,
certain companies in the US have data about each household according to more than 500 criteria,
Sophisticated analytical methods allow pollsters to address each family with a detailed copy of their
WYSYdFf YIFLQ Ay Yaényg & the fackoks dhat Qlayed: oGtAnitie lagt brésidential
elections in the country. Tools currently being developed that are able to simultaneously identify very
large numbers of health risk factors very early will no doubt help reduce health costs fttire

and may also lengthen life expectancy. These are but two examples of this general trend. Although
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GKAA A& 2yfe GKS o0S3aAyyAy3d 2F (KA& GNBYRI GKS
2012) gives many examples of how the collectiormassive, and very precise, data will affect our
livesc s KSGKSNI F2NJ 6SGGSNI 2N F2NJ 62NES RSLISYyRa 2y
known for their adaptive capacities, ultimately these developments seem inevitable.

Smart cities

Inthe domayy 2F dzNBFyAT FGA2yY GKA&A GNBYR KIFa NBOSyif
stance, Scientific American ran a special issue on smart cities (September 2011). Industry players such
as IBM and Siemens have specific programs and practices tktitta advancing the cause of
building smart cities. Despite its intuitive appeal, we have limited knowledge within the design,
planning, policy, sustainability or ICT fields about the dimensions of the concept of smart cities, and
limited practical expegnce regarding the barriers and potential opportunities. Tentatively, one could

use the following definition (DeSouza 2012): A smart city is livable, resilient, sustainable, and
designed through open and collaborative governance.

De Souza (ibid) arguegtioer that a smart city:
w Ad NBaAftASYyds AdSo LI2aasSaasSa GKS OFLIOAdGe:x
covering, and learning from natural and marade disasters.

w GFr1Sa | adzadlrAylrofS I LILINEI OKal ard ecolégidal resoyfcesd S Y S
to ensure that they have vitality going into the future.

w AYFdzaSa AYyF2NXIGA2Yy F2N) I dzi2YFGSR FyR KdzYly
optimal allocation of resources, design of systems and processes, and eitigagement.

w SylrotSa AyuSttAaSyd RSOA&aA2Y YI1Ay3d GKNPRdAdAK
processes, and policies across its environments, infrastructures, systems, resources, and citizens.

i8a & I &S mwindeiidfdmiation §hks $n8 MaridiiSimrastriicturés T 2
2NBFYAT I GA2yasS FyR OAGAT SyaQ 32-ta |y

w Sy3lr3asa OAlGAT Sya Ay LXIFyyAy3d FyR RSaixday 27
through open and collaborative governance platis supported by information technologies that
generate, and leverage, the collective intelligence of its residents.

These goals are achieved by infusing novel information flows into the city that gather information
about citizen and infrastructurbehavorand disseminate information to the citizens. Smart cities use

a wide assortment of information pipelines and platforms to integrate theften disparatec
physical and human sedystems, infrastructures, and processes. By building viable connections,
information flows between the various parts of the city seamlessly so as to enabldimeal
intelligent decisioamaking. Leveraging information technologies is central to the goal of developing
smart cities. Technologies, especially computational and conmwatianal systems, are vital for
optimal processing of information in real time and facilitating both automated and human decision
making. Hence smart cities are laden with information generation sensors, automated systems that
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aggregate and store data, dreven tools that enable data to be transported across administrative
systems. On the other hand, and maybe less evident to the ICT community, is the fact that smart
cities also use information technology to involve their citizens in the decmsimking al
implementation of policies and other measures. This is necessary to ensure that very large cities
avoid major social ruptures and political traumas. They do so by extensively using participatory
platforms.

Five essential domains of development of IQTsfoart cities are relevant here:

(1) Smart planning requires us to think of cities as ecosystems. Planners will be faced with the
challenge of designing a new ecosystem (when faced with the challenge of creating a new city) or
modifying an existing ecosiem (when retrofitting an existing city). Such infrastructure projects
insert new actors, dependencies, or interactions, and require that participants renegotiate their place
in the ecosystem. Many projects strand because the different stakeholders coiti@suhave not
sufficiently been involved in the planning.

Successful planning for smart cities also requires looking broadly at the impact of the infrastructure
on the dynamics of the economy and the geography of the region. Failure to think of suehtproj
holistically as complex systems will result in isolation of critical stakeholders, flawed plans, and,
ultimately, in poorly executed or failed projects. An excellent example of a very good plan is the
model designed by Revi (20XX) for the city of @odia). He decomposed the ecomy of the
environment and the infrastructure of the current city, and rebuilt them with an interesting twist:
rather than work from the city center outwards, he worked from the surrounding countryside and its
resources inwal, thus creating a much less enefigyensive and highly functional city plan.

Finally, smart planning is planning and designing for change. Planning should look beyoadiate
completion into the life stages of planned infrastructure, based on &rnmed understanding of the
future of the city in order to build projects that fulfill the needs of the city that will be, not the city
that was. Smart planning aims to build plans and infrastructures that are adaptable and flexible, and
that have the capcity to be repurposed as conditions change.

(2) Collective Smarts. Smart cities take advantage of the talent and education that is locally available
by creating and maintaining effective platforms for citizen participation in the construction of the

city, encouraging their citizens to contribute constructive ideas and innovations. This is achieved by
means of ICT platforms that enable-construction of ideas among citizens. Suckcoastruction can

happen in meetings that are organized at looking atedéht scenarios of the future, but could
ultimately also entirely happen eline. Another effective tool in this domain is crowdurcing both
WgKIFEG tABSa Ay GKS OAleQ FyR ARSFa GKFG YAIK
Regularly monoring of the ideas that are being discussed on the web, in social networks, etc. ,
enables the city government to be better in touch with what actually goes on in the city. By selecting

the best from among the many ideas contributed by the urban citizemmg could achieve a kind of
GOYSNASYOS o6& 5Saradyé 2F daNDlyYy Ayy20FiA2ya (K|
process, transparency is much improved.

(3) Smart Infrastructures. Sensors are to be present in the physical infrastructurecitf from
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intelligent traffic lights to metering technologies that regulate parking spaces. Buildings in a city also
act as information sensors, tracking details such as personnel movements, energy consumption, and
the flow of goods and services. In additj citizens have multiple devices through which they interact

and exchange information on their activities and whereabouts. These tools enable city managers to
understand thebehavio2 ¥ A Y RA@GARdzr f OAGAT Syas | yR O KG@#af KS¢
G2 0KS WLISNER2YI f AT SRatagasiifor indvibualt¢ckizerds askwellias the yftian | R
society as a whole. And it allows the city to gain efficiencies in many domains, from resource use to
transportation. Robust, nimble, and agile: smiafrastructure is the new vision of infrastructure.

(4) Smart Operations. While information is present in the many facets of a city, this information
needs to be cohesively managed. Managing information across subsystems, systems, infrastructures,
and or@nizations is critical to realizing the goals of resiliency and sustainability and to creating smart
cities. The underlying structure and foundation of smart cities will be built upon the policies and
design guides used by government, planners, and arctsiteThe benefits of solid, smart city
regulations will be a healthier and more fruitful life for the increasing numbers of urban dwellers.
CKAA O2yOSLIi 2F Gaz20Alt adaidlAylroAtAGees faz ¢
of green spces, walking paths, etc. For example, through the design of smart transportation systems
one might be able to not only reduce the emissions for vehicle traffic, but also increase the health
and weltbeing of citizens by promoting healthier habits likeyisllng or walking to work. Economic
sustainability should be present, as the city will create jobs and inforatieation activities using
information smartly.

(5) Smart Governance. Cities are administered by a collection of agencies and governirgy bodie
mixed and matched in singular ways depending on the local laws and cultures. Smart agencies are a
vital part of the smart city fabric. These agencies leverage the power of information to conduct their
operations in an optimal manner. Smart cities mustddept at multiobjective optimizing, able to
pursue multiple goals, negotiating among possibly conflicting constituencies. In order to achieve this
level of efficiency and responsiveness, public agencies must revolutionize their operations. Smart
institutions will embrace information technologies to achieve their goals in a sustainable manner.
Today we have sophisticated computing technologies, access to data of all kinds from geographic to
economic with even finer granularities, and we have visualizadod mapping tools that can
leverage information for better decision making around megacities.

Cities also represent critical economic hubs between nasimtes. As such, increasing the
sophistication with which information is processed to enable smadigienrmaking will contribute
positively to national stability and growth. Cities are resotroestrained and need to rsolve
multiple, and conflicting, goals of various stakeholders who own, or have access to, these resources.
Hence, there must be a mement toward informationdriven, collaborative, and inclusive decision
making. The fact that there is a greater chance that these spaces can recover from internal and
external shocks through effective resource allocation and infrastructure managemengdimias of
distress adds to urban and national resilience. But such smart governance calls for optimal
collaboration between the various stakeholders involved irdagssing complex challenges around

the design and planning of urban spaces.

Conclusion
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In this contribution to the Global Systems Science project, | have deliberately focused on questions
and issues, rather than on the specifics of the many ways in which ICT is going to change urban
systems, and our understanding of them. The impact of I@dirgy to change so rapidly, and in so
many unpredictable ways, that it seems to make little sense to outline our current vision on these in
this programmatic paper. Rather, the paper aims to outline a major field of action, in \glogker

the coming ten garsg things will change very rapidly, and out best efforts will be required to steer
these changes in a constructive way.

In that process, there is a distinct role for academic research, which is to look further ahead than
industry, business and poliiccan, and in particular to look critically at potential unintended-con
sequences of solutions that are about to be implemented, so as to avoid that owdpagndency
drives us into traps that we will have a difficult time to come out of.

2.2 Financial sys tems

The financial crisis of 2007 has not led to a breakdown of the world economy only because a critical
minority of policymakers¢ mostly central bankerg had the courage to discard the conventional
wisdom of current macreconomic models and experimewith measures that defy that wisdom. In
particular, the buildup of the Euro crisis could only be stopped when the president of the ECB, Mario
5N} 3KAZ RSOfFNBR KA& RSUOSNXAYlLGAZ2Y G2 Y2@0S GK
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had to be absorbed by the capacity of the markets to return to their alleged single, stable
equilibrium.

However, the risk of a next crisis, possibly larger in saspgnabated, and will be a key challenge of
global risk governance in the years and decades to come. GSS will help to move towards an
integrated governance of global risks that takes into account the interactions between financial and
other markets as welhs between soci@conomic dynamics at global, national and regional scales.
For this purpose, GSS will develop simulation models that overcome the feature of a single stable
equilibrium built into present standard models, and that will rely on well agdeipth analysis of the

large datasets necessary to monitor the complex networks of economic and other agents shaping
the world economy.

This shall lead to joint learning by policakers and researchers about how to design and implement
effective measuredowards a financial sector supporting increasing employment and sustainable
economic growth, e.g.:

- simple rules to limit risky dynamics of complex financial systems,

- regional experiments with innovative schemes to foster sustainable growth,

- stepwise movdrom the present Dollabased state of the global monetary system towards a
state where the overcoming of global poverty can take place along reasonably stable
trajectories,

- X
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2.2.1 ICT in economics and finance
Silvano Cincotti

The last four decades of lasentury have been characterized by tremendous developments in
Information and Communication Technologies (ICT) anch#&@@& impacted all areas of ouo@eties

and have been considered the basic line to achieve innovation. Direct evidences can be fthend in
amazing computational capabilities that are nowadays available as well as the pervasive influence of
telecommunication on everyday life (e.g., internet, smart phone, table, etc.).

In the context of the ICT revolution, a great amount of data on firdnoiarkets has been made
available in the last three decades and finance has become the most quantitative social science.
More recently, the crisis of 2062008 produced an intellectual collapse of the modern economic
theory and opened a demand on how tdegrate the crucial role played by the financial system into
macroeconomic models and to rethink of the economy as results of interactions among those
heterogeneous agents.

This opened a demand for innovative approach to modelling economy and finadca saguest of
contributions to other disciplines (e.g., physics, engineering, psychology, etc.) whose methods and
tools can effectively contribute to the study carried on by economists and mathematicians since
more than 100 years and result in significanivances and benefits.

Nowadays, this demand is further increasing mostly driven by the complexity of the tedums
society and ICT have the opportunity to provide efficacy and efficiency stated that we will be able to
couple ICT and policy and deoisimaking so to transform innovation into growth, feasibility into
sustainability and uncertainty into risk. To these aims, there is a need of a network of infrastructure,
observatories, data repositories, services and facilities that leads to a newdisggslinary research
community and the ICT community has the opportunity and responsibility to foster and to facilitate
such synergic aggregation by providing the community with the mandatory infrastructures and tools.
Two major contributions are diregtlexpected by the ICT community:

a. repository and management of huge data in economics and finance;
b. framework and facility for analysis and computational experiments.

These enabling technologies and solutions constitute the foundation of a public fau#ihded for
economic modelling, investigating all aspects of risk and stability, improving financial technology, and
evaluating proposed regulatory and taxation changes.

The public facility should be grounded on HPC and huge computational power samnicesriched

by large variety of methods including data mining, process mining, computational and artificial
intelligence and every other statistical physics, computer and complex science techniques and on the
mathematical tools developed in network thgocoupled with economic theory and econometric in
order to perform a continuous monitoring and evaluation the state of the economies of countries
and their various components (i.e., short term horizon). Furthermore, the public facility should also
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provide the framework, infrastructure and interoperability of economics and financial models to
perform datadriven whatif analysis, scenario evaluations and computational experiments to inform
decision makers and help develop innovative policy, market and reguldesigns (i.e, mid and long
term horizon). Finally, the public facility should also provide innovative solutions to collect, to store
and to analyze relevant information by means of social media mining tools andbassul
information markets so to comantly monitoring and managing the crucial interaction between
expectations, policy and reality.

Such an arsenal of proven and novel techniques, methods, facilities and frameworks is originated by a
crossdisciplinary research community of economists, igbscientists, complexity scientists and
computer scientists and will allow scientists and regulators as well as policy makers and the private
sector to conduct realistic investigations with real economic, financial and social data devoted to
prevent future crises (by making the global economy more resilient) and to explore the possibility of
broad societal transitions to sustainable patterns of production and consumption.

It is worth remarking the crucial needs of a public rating institution, as thenteseandals faced by

the rating societies have pointed out weakness and conflict of interests of contemporary rating
system. In this respect, it can represent the European reply to the private approach that
characterized current American rating system dndan also be considered a cradle for training and
collaboration with the private sector to spur spififs and job creations in Europe in the finance and
economic sectors.

Guido Caldarelli, Stefano Battiston and Antoine Mandel

The financial system pkrms vital functions for the world economy. The goal of a sustainable and
stable finance is of the utmost importance for global system science. Regulators and policy makers
need reliable and useful visualization, modeling and simulation tools for thiersy#\s one of the

most recent approach we propose to use for such purpose the theory of Complex Networks. Very
often one of more aspect of this system can be desdibg means of a complex graph. Typically,
under the generic name dinancial networkgeople indicate several different systems all related to

the world of finance. Such a coarse graining is justified by the fact that in all the various situations we
always find similar behaviours. We shall present here a series of examples passing froutdyhef s
stockprice correlations to the study of the web of exposures between different companies, and
finally to the lending of money between banks. Indeed in every of the abovementioned systems we
encounter similar mathematical structures (we always fadscalefree architecture, a scalfree
distribution of centrality and betweenness). Furthermore regulators are often interested in similar
basic questions. More particularly anyone w&mo know which institutions arenore important for

the stability ofthe whole ystem, whatthe global impact of a local bankruptey and finally how we

could act on the system in order to change its properties or to recover the initial stafitiky.
possibility to provide to regulators a set of simple indicators that ba used as a thermometer of

the financial situation in order to prevent crises is one of the most challenging perspectives. For this
reason more and more often scientists and research groups involve regulators in the research activity.
The recent crisibas spurred a profound debate about the role of policy and regulations in financial
markets. The debate has drawn the attention of researchers from many areas of science as well as of
the civil society at large to the needs for new approaches to policyeflind. Overall, it has emerged
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as a promment societal issue the need build a sustainable global financial system that serves the
global policy goals. In particular, many observers share the view that the current financial crisis
should be seen as arpportunity to strengthen climate finance and not as an excuse to postpone the
environmental objectives that were previously put forward

2.2.2 Structural Instability of Financial Systems

Guido Caldarelli, Stefano Battiston and Antoine Mandel

State of artOneof the primary causes of instability is related to the failure or susceptibility to failure

of multiple banks, at the same time, across the banking network. The vulnerability of the financial
institution networks arises through different mechanisms sush(& direct mutual credit exposure
between banks; (ii) interrelated exposures of banks to a general source of risk; or (iii) cascading
effects from firesale of assets by troubled institutions (Nier et al., 2008). Today's global financial
networks are moe connected and hence more vulnerable to losing strategic nodes. The node failures
of one network can cause node failures in another, interconnected network and may result in
cascading failure of more than one network. This potential contagion effectqtfiepse of one
network to other key networks) is often overlooked by policy makers. The stability of the system is a
key factor that needs to be addressed by Global System Science. Financial networks grow organically
along with the globalization and inmation trends, and as the networks become more
interdependent, the stability of the system can be compromised.

ProgressTo that purpose we envisage to focus on correlated exposures of banks to an emerging
endogenous source of risk to analyze the effeclost in asset value (insolvency) of one bank across
the entire network.In addition to banking, we oughdlso study other financial networks such as
currency and capital market networks as interdependent systems to capture and analyze the risks
associatedwith the relationships among these networks. While we do not advocate reversing these
natural trends of globalization and innovation, we propose steps that can be taken to improve the
reliability of the financial networks and prevent cascading failuresther networks. These steps, in

the form of better (not necessarily more or less) regulations, can significantly increase the stability of
the overall financial system (Schinasi, 2005). Complex global networks are not likely to ever be
completely reliable but hopefully they can be made more resilient and -selfrecting by reducing

the interdependence between the various components and minimizing the damage from a failure of
one network to the functioning of another (Cornell Info 2eM6étworks, 2008).

2.2.3 Visualization of interconnection between d ifferent systems. R ole of
financial interlinkages

Guido Caldarelli, Stefano Battiston and Antoine Mandel

State of artDuring the period March 2008 March 2010 many US and international financial
institutions re@ived aid from the US Federal Reserve Bank (FED) through emelgameyrogams,
including the s | f FEDRDiséBunt Windd/Recently this dataset has been released thereby
providing a unique and important opportunity to study the distribution of delstoss institutions
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and across time. One of the papers based on the analysis of this dataset wanted to estimate the
impact of a node on the others [Battiston et al 2012b]. This is done in order to develop novel
strategies with respect to the tebig-to-fail procedure [Stern 2004].

ProgressThe assessment of the possible impact is done with a novel measure inspired by feedback
centrality. Such quantity termed DebtRank [Battiston et al. 2012b] takes recursively into account the
impact of the distress of amitial node across the whole network. More particularly DebtRank of
vertexi, is a number (i.e. dollars or euros) measuring the fraction of the total economic value in the
network potentially affected by the distress or the default of node i. This quactin be used to
construct a ranking, but it is not itself a particular rank of the node considetési.computation

differs from the methods based on the default cascade dynamics [Cont et al. 2010, Mistrulli 2011,
Battiston et al. 2012] in which, belovaé threshold no impact is propagated to theighbours In this
respect DebtRank is more similar to other feedback centrality measure that have found successful
applications in many domains ranging from rankings in the wertte-web (e.g. PageRank) to
comporate control in economic networks.

DebtRank is currently used by a variety of regulators as Central Bank of England, Bank of Italy, Bank
of Brazil, European Central Bank.

(Systemic Impact/Vulnerability) > 1.5 3 .
60.

| : Qs’; r ﬁ
iLOY{%%NP S . ",—.
40} % o)
¥ “aCRDSUI
& \ﬂ%?g .

DSUI
2 (enC? '9 &R
‘Systemlc Impact/Vulderability) <0.75
1168, CPOCGEN

.
-
-

Systemic Impact, ¢
9

100 ¢ %3Y . e March 2009 - December 2011
SR o * |« May 2006 - March 2009
6 .’,"’C("f"‘ ‘ ; | ¢ January 2002 -May 2006 |
0 10 20 30 40 50 60
Vulnerability, b

Figurel: DebtRanHlike algorithms allow to monitor over time in ad2mensiona plot those
players that have at the same time high impact on the others and high vulnigrdbilother

LJ | & S NA Cee Rakishilodt a.®01 fpr more details on the calculations). As we can see,
in the intermediate period (green) a number of playesgre at the same time highly
vulnerable and systemically important.

2.2.4 Sustainability of Welfare
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Guido Caldarelli, Stefano Battiston and Antoine Mandel

State of artEvery scenario simulation indicatthat health spending will exert increasing pressure o

the GDP in Europe. If countermeasures are not taken, we can estimate that in 2030, after a
continuous trend, the increase in incidence will be between 1 and 1.5 percentage points when
considering the efficient expertdre (standard), and between 3.and 1.8 pp if one takes into
account current levels of inefficiency. Other estimates from Ecofin, OECD and the IMF (which refer to
a broader scope of spending and incorporating the voice of assistance to the disabled), suggest a
potential doubling of health sgnding to GDP over the next fifty years. Other problems emerge
adding to the expenditure projections of the financing. Regionalization of welfare will worsen the
situation. It is assumed that all regions contribute to the financing of the expenditure atandth a
uniform percentage of GDP, equal to the share of expenditure on the standard national GDP. We
construct the matrix flow redistribution so that it would activate. The mass redistribution would
increase from about 10 to about 13 billion euros B3R, challenging values, accounting for nearly
0.7% of GDP and 8 to 9% of the standard spending. Most flows would start to benefit from the North
of the South

ProgressTo overcome the gap of efficiency and quality, it is necessary to establish clearly the
standardization rules of the expenditure and the rules for its full funding. complex system
representation through agedbased simulation could track the possible scenarios for regional tax
leverage with the timing and for amounts consistent with healtisgdl developments. This approach
can be fruitful only involving the relationships between levels of government, the relationship
between the regional and local authorities, and the cooperation with various stakeholders.

2.2.5 Network of N etworks

Guido Caldar elli, Stefano Battiston and Antoine Mandel

State of the art In complexity theory we make the assumption that a variety of economic and
financial systems can be described by a graph. Economic entities and financial institutions are nodes,
characterized btate variables (aka fithess) depending on their economic and financial values. Links
among nodes are of multiple types, depending on the particular relationship between the
institutions. Edges can be static or dynamic, and their value can possiblyoee with the state of

the nodes. The advantage of this approach is in the simplification of the modeling and in the
possibility to predict the future behavior of the syste Unfortunately the dynamics areften
interconnected with the topology. Finally,@htopology itself can be composed by various interacting
layers. The theory of these systems has yet to be written. The simplest case is given when links are
static and along them a dynamical process is going on. A typical example goes under the pesne of
cyclicality of leverage Essentially, this is a positive feedback (from asset prices to fragility of banks
and back to asset prices) taking place on the network formed by banks and securities. Considered
alone, this network cannot be used by regulatoitsis only the coupling of this network with the
network of interbank credit [De Masi et al. 2006], determining magnitude and the persistence of the
effects as explained in the following. Banks lend to each other, i.e., they invest in each other claims,
bui Ay@Said taz2 Ay laasSdia SEGSNYylLt G2 GKS AydS
sovereign bonds. An initial negative shock on an external asset, say Al, makes more fragile a bank,
say B1 that holds some units of A1l. Bank B1 then sells somoeint of A1 and pays back with the
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proceedings of the sale part of its liabilities. In so doing, bank B1 increases its robustness. However,
since the sale will likely move the price of Al further down, the other banks that hold Al will now
also feel mordragile (a case of negative externality). If in turn they start selling units of A1, this could
trigger a spiral of devaluation. In this far, distress propagates only via those links that result from
common investments in the same asset or asset clasaeler, the mechanism is exacerbated by

the fact that banks may be affected by the shock on Al also along the link of the other network, i.e.,
because they invested in B1 claims, which has become more fragile [Battiston et al 2012)]. The current
state of theart is addressing the problem only with basic méetd approaches that neglect the
network structure. We plan to investigate how the dynamics is affected by(théhe structure of

the network banksecurity, (ii) the interbank credit network and )ithe way the two networks are
connected.

ProgressTo move forward on this topic we intend also to develop a link formation mechanism. We
will proceed in order from the simplest standard rules [Albert et al. 2002, Caldarelli et al 2002] to
more sophistiated rules, such as those based on spectral properties of the graph [Konig et al. 2011
2012]. A challenge here is that there is a formation rule for each type of link and thus the space of
parameters grows very fast. This makes it harder to characterizegéneral properties of the
system. Another challenge is that it could turn out that it is important that link formation rules take
into account the number or quality of the links in both networks. For instance, the decision of a bank,
B1, to invest in aartain set of external assets may depend also on the assets held by the banks
connected to B1 on the credit network. Indeed, the output of this task is expected to contribute on
the theoretical understanding of the topological structures emerging fromittterplay of two or

more interdependent rules for link formation. We also plan to investigate how the evolution of links
in a multHevel network may lead to interactions at different scales in the structural dimension. The
result of recent and omgoing irvestigations suggest to conjecture that the link formation rules at the
firm level could lead to the setfrganized formation of supemodes [Vitali et al. 2011], which then
influence the dynamics at the firm level

J. Doyne Farmer

In his opening addres® the ECB Central Banking Conference on 18 November 2010, the ECB
President, Jeath f | dzZRS ¢ NAOKS(G alFr AR GKIG aAy GKS FFOS 2%
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existing ways of understanding the economy. While traditional methods in economics are very useful

for some purposes, there is an urgent need for additional work that properly addresses the financial
system as a system, rather than a set of digjparts.

Techniques used in global systems science are quite different from those used in conventional
economic theory, with its emphasis on optimization. They include data mining, network analysis,
systems dynamics, agent based modeling, andlim@ardynamics. An important challenge for GSS is

to explore the (in)stability and resilience of global financial markets focussing on issues of agent
heterogeneity, network effects, spreading of information, market psychology, social learning, and
expectations At the same time, many instabilities in financial markets are driven by nonlinear
instabilities that are inherently mechanical or that derive from market structure. (Good examples are
nonlinear instabilities driven by derivatives). GSS will use a variedpproaches to understand the
nonlinear feedbacks that exist in markets more comprehensively, explore their interactions with each
other, and in particular to model their interactions with human decision making.
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There are many questions that can be egksed by GSS: What are the causes of extreme events and
crises? What preventive measures should be taken? If a crisis does occur, how should it be managed
from a GSS perspective? What is the role of financial innovation? How can institutional design and
market regulation contribute to the stability and resilience of global financial markets? It is now
widely believed that modern markets have become much more vulnerable to sudden changes as a
result of the development of automatic trading algorithms. Theela for example, often incorporate

stop loss instructions to sell when a price descends to a certain level. If many algorithms have the
same thresholds this can lead to a cascade of sales as in May 2010 on the NYSE. This interaction
between modern technlogy and market dynamics will play an essential role in the way GSS models
understand financial markets. Recent work in network theory and agased modeling has begun

to address some of the systemic problems in finance, but such work has so far @ithedrthe

surface of what is possible, and most of the important work still lies ahead.

The network view of finance and economicBinance and economics provide a rich set of networks
to consider, in which the nodes can be many things. Examples that amgady received
considerable attention include interbank lending, international trade, corporate ownership, and
input-output relationships in production. There nonetheless remain many more relationships to be
studied, and in particular the interactionsetween these different systems remain poorly
understood.

The vision of the economy as a system of evolving coupled networks provides a completely different
policy perspective. A key feature is that thehavioof the economy at the aggregate level emerges
from the interactions, both of the individuals within each network and of the networks themselves.

Traditional policy recommendations are based on the reactions of individual nodes (people, firms,
institutions) to changes in policy. The network approagens up the possibility of identifying and
targeting key nodes within the system, thereby potentially increasing the effectiveness of policy. It
further makes it possible for policy makers to influence the way in which the structure of the network
evolves So, for example, the Basel agreements have focused upon controlling and improving the
viability of individual institutions rather than on the ways in which they are connected and hence the
viability and resilience of the system as a whole. A classic geaoh the failure of this approach was

that of Dexia, a Belgian bank which had to be rescued by government intervention only 3 months
after having passed the official stress tests without any problem. A global systems science network
analysis can yield sights into the systemic banks in the financial network, which must be preserved
from falling. These latter considerations have only recently come to the fore. This point has been
heavily emphasized by the Bank of England, but despite the establishm#re Buropean Systemic

Risk board there has been little reaction in terms of macroeconomic modelling to this issue.

The current crisis has shown once more the importance of the feedback between the macro
economy and worldwide financial markets. The glaminomy is a mukscale complex system and a
multi-disciplinary approach is necessary to study its functioning. In particular, interactions and
feedbacks between financial markets and the macro economy need to be studied to understand
crises and improveheir early detection and to develop new complexity based economic policy.
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2.3 Sustainable Economies
J. Doyne Farmer

The problem of protecting both current and future generations is manifest when considering the
supply of food, water and energy, and undersding how we can maintain a high standard of living
for the whole world without depleting natural resources and destroying biodiversity. How do we
avoid or at least mitigate these key social, economic and seenglyed problems? These extremely
difficult problems require translisciplinary teams and are naturally addressed by GSS.

At present the state of the art for understanding the dynamic aspects of sustainability is system
dynamics modeling, as used in the original Club of Rome study, LimitewdhGSuch models have
certainly been useful in providing an understanding of the relationships between key components of
earth systems. GSS will expand considerably the analytical techniques which are applied to such
systems, beyond that of ordinary diffential equations by using tools such as network theory,
complex systems theory, multigent simulations, muliievel models, experiments and participatory
platforms. We also take into account explicitly spatial and network effects, as well as heterggeneit
of agents and randomness.

Economic growth At the same time that modern economic growth theory embraces technological
progress as the agent of change underlying growth, it has traditionally dealt with it in a very simple
way. In a typical economic grolwttheory a technology is a black box embodied by a very simple
production function. In contrast, it is clear that to understand the patterns of technological progress
one needs to look inside the black box and carefully model its constituents and tlegadtibns with

each other. Technologies are recursively built out of other technologies, and technological change
happens in an evolutionary manner: Existing technologies are recombined and only occasionally are
genuinely new technologies created.

Furthemore, technologies form a web of overlapping and interacting physical parts and conceptual
processes, so that one should think in terms of the global ecosystem of technologies rather than
individual technologies. Progress in one technology is automaticainsmitted to all the
technologies for which it is a component, or to which it is related. Improvements incamluctor
manufacture, for example, have made a substantial contribution in driving down the cost of
photovoltaic modules. Global systemsesuie could contribute by giving us a better understanding of
technological improvement, by treating the process of improvement as a networked phenomenon
that is driven by the physical interaction of technologies as well as the social drivers underlying
supply and demand. A program in this area would include the economic, environmental and social
consequences of technological development. Moving in this direction, recent work in the complex
systems community models the way in which the components of a tdoggalepend on each other,

and shows that using simple models for technological improvement, the rate of technological change
and its diffusion depend on the interconnectivity and separability of the technology.

Constructing technology investment portfals
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Most decisions about technological investment are made using subjective criteria. GSS offers the
possibility to develop more systematic methods for allocating technological investments. To do this,
however, we first need to solve some basic problemsspnted by technology investment that are

not present in traditional financial investments. This problem present several interesting features
that make it well suited for being addressed by GSS.

In traditional portfolio theory in finance thbehavioof outcomes-- the returns on the investments

are assumed to be independent of the investments themselves. This makes it possible to convert the
problem of computing portfolios weights into a simple problem in variational calculus. Technology
investments vitate this property in a dramatic way. As it well know, increasing production tends to
drive down costs, through learning and economies of scale, and indeed the central purpose of R&D is
to find cheaper and better solutions. This enormously complicatepttolio problem: Rather than

being a static optimization problem, it is now a dynamic optimization problem. Investment influences
returns: The more one invests, the more costs drop. Treating this problem involves understand a
complex nonlinear stochasttynamical system.

Traditional portfolio theory in finance pushes strongly toward diversification as a means of reducing
risk. For technology portfolios, however, this is not necessarily the case. In the absence of uncertainty
in the outcomes, one shoulsimply pick the best technology and invest everything in it, as this will
generate the best outcome. However, the fact that the future of any given technology is uncertain
changes this, and means that one needs to invest in multiple technologies to hgfieba 06 Sl &
Nonetheless, one should not diversify too much: If investments are spread too thinly across too many
technologies, little or no progress will happen. From a qualitative point of view it is necessary to
make a compromise. It becomes necessarynmtake a compromise between diversification and
concentration. From a quantitative view, however, this problem remains poorly understood.

GSS can contribute to this by funding work on this essential problem. Such work has the potential to
improve public planing. This pplies to the ICT progranas such methods could potentially be used
to improve ICT funding.

Data for GSS in economics

The economy generates vast amounts of data that are currently not being gathered and recorded in
an integrated manner, ahwhich can provide much deeper insight into the workings of the economy
than existing data sources. Most current data collection in economics is geared for econometric and
DSGE models, which only require aggregate data such as GDP, unemployment, eturk Netw
modeling and agenAbased modeling, in contrast, are best done with finer grained data, such as
information about the choices of individual householders. Information about the heterogeneity of
behaviois essential. Agerdtased models can potentially makuse of many different types of
information, as described below.

Ultimately the economy is about the transformation of physical materials into manufactured goods,
and the organizing of human activity into services. On a longer timescale, data conqanodogts,

technologies and firms should be recorded so that we can understand more directly how the
economy transforms human activity into material goods, information and services. (Here we define
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"technology" in a very broad way, to include everythingirelectronics to new financial instruments
to changes in the legal system).

Inequality.

Where does inequality come from? The core model of modern economics, general equilibrium
theory, does not enable us to say anything about the distribution of incarhe.issue of inequality
cannot even be addressed in the standard representative agent model in macroeconomics. Is
inequality an inherent feature of complex systems with heterogeneous agents? But inequality is not
just a matter of the distributions of incoe and wealth. A major concern of policy makers about, say,
outcomes in health care or education across hospitals and schools is that such outcomes are
"unequal” or "inequitable"” in the key sense that they differ at any point in time.

Distributional prgerties have an important impact on aggregate economic outcomes; for instance, it
is weltknown that the effectiveness of teout policies aimed at sustaining consumption demand
depends on the income distribution of tax payers. Other distributional issuesprobably still
undervalued in economics, as for instance the distribution of debt among and within the different
sectors of the economy: public, corporate and households.

Policy makers face the problem of predicting and controlling the distributiomeafith. What are the

best strategies to achieve a more egalitarian society? Abased models naturally take into account
the distribution of economic variables at individual levels and therefore can be valuable tools for
policy design. A particularly portant question is that of intergenerational inequality. To what extent
should we make changes now to protect future generations?

2.4 Climate Change

In a different way, the challenge of integrated risk governance and multiple equilibria (more
technically:basins of attraction) is relevant for global climate policy, too. Attempts to reduce global
emissions stressing the dangers of climate change to justify moderate reductions in economic growth
have led to gridlock in international negotiations, globally &mdome extent even within the EU.

GSS will support global climate policy by investigating possibiteiefits of climate policy, ranging
from reduced health impacts by air pollution to accelerated prodigtigrowth by new directions

and volumes ofnvestment. In part, this will require models with a similar architecture from those
required to address global financial risks, in part it will require even greater emphasis on interactions
between different policy fields like environment, energy, empleyy health and foreign policy as
well as time and spatial scales.

As with the financial crisis, GSS research shall lead to joint learning bympakeys and researchers
about how to design and implement effective measures towards climate policieodugpmutually
reinforcing goalss the following

- showing by examples that increased economic Wwelhg is possible with systematically
decreasing emissions,
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- generalizing these examples up to the point where emissions decrease globally, too,

- turning measures to adapt to adverse climate change into experiences of social learning that
strengthen resilience while reducing emissions

- prepare for the need to take CO2 back from the atmosphere, especially once global poverty
will have been overcome

2.4.1 Climate m itigation modelling

Doyne Farmer

What are the optimal strategies to deal with climate change and its consequences, and how much
will such strategies cost? Current climate mitigation models assume general equilibrium. Production
decisions maximize the uty of a representative agent, a typical person who exemplifies the average
worker and consumer. Such models assume full employment and assume that firms have no unused
inventories-- everything that is produced is consumed. Since by assumption induspérate at full
capacity there is no need to stimulate demand. Such models count the costs of converting to new
technologies without giving any weight to the economic stimulus that such conversions might
generate, i.e. they do not allow for the possibilihat developing new technologies might put people
who are otherwise unemployed to work, and thus stimulate demand and make the economy operate
at a higher capacity. Perhaps even more important, they typically make highly questionable
assumptions about tdmological progress. Such models have never been -temtkd against
historical data and their predictive accuracy is highly questionable.

Global systems science has the potential to develop an alternative type of climate mitigation model.
By constructinghe model at the level of individual agents we have far more historical data that can
be used to calibrate the model. By making use of results from behavioural economics we do not need
to assume that agents are rationalwe can instead use decision ral¢hat have been calibrated
against thebehavioof real people. By collecting and calibrating against an extensive database on
technological change, it is possible to deploy more realistic models of technological progress. Most
importantly, we do not havéo assume that the economy is in equilibrium. It is possible to study the
effects of stimulus for new technologies, modeling the consequences of putting more people to work
and making progress in new technologies, e.g. possible revolutionary transformatioa green
energy economy.

2.4.2 Climate Finance
Guido Caldarelli, Stefano Battiston and Antoine Mandel

As the amounts of funds involved in climate finance increase (the EU and other developed countries
pledged jointly to mobilize $100 billion a year Bp20 from public and private sources), the
interactions between the climate and the global financial system grow in numbers and in intensity.
For example, crucial linkages might form between the climate financial system and the concept of an
internationalcommodity reserve currency, as recently revived by the govetearithe Central Bank
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Rghts (SDR), which were introduced by the IMF in 1969 to support teéoB Woods fixed
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would expand the basket of currencies forming the basis of SDR valuation to all major economies and
set up a settlement system between SDdhd other currencies so they could be used in international
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that the basket would of course include climate and weather sensitive commodities. dgcand

more importantly, carbon permits themselves might at some point basatered as one of the
commoditiesbackingup the currency. If this were the case, the dynamics of the carbon price would
become key, not only to the financing of climate chamgi@gation and adaptation, but also to the
stability of the international monetary system. More generally, considering the central role of
international financial institutions in the stability of the global financial system and their major
commitment towads climate finance we can expect that the climate finance system will be soon and
massively connected to the global financial system. Hence both systems will likely have major
influence on each other dynamics.

The interactions between the climate and tigdobal financial system grow in numbers and in
intensity. Using the expertise built on both e systems, GSS shouble able to identify on the one
hand ideal points of contact and intermediary actors between the two systems and on the other
hand zones ofragility where shocks might propagate from one system to the other. These insights
will in particular be of interest on the one hand for public financing institutions in search of leverage
for their climate finance and on the other hand for financialulagors that will increasingly have to
monitor the climate finance system as it grows in importance.

Work on the linkages between the climate financial system and global finance will also provide key
inputs to the macreeconomic analysis of climate paés. As a matter of facthe GSS community
couldbe consulting in the coming years for a range of policy bodies in Europe and Asia (following, in
particular, the reports inJaeger et al. 2009, Tabaraat 2012). In particular, the linkage of carbon
markets with the concept of international reserve currency will, if implemented, drastically change
the approach to the economic assessment of international agreements on climate change mitigation.

In addition to policymakers, the outputs of GSS in this areught tobe communicated and discussed
with stakeholders active in the field of climate finance with whom GCF has been working for several
years. Those includagents such asviunich Climate Insurance Initiative (founded by MunRe); the
KfW Carlon Fund anrelated sustainability activities; Rkefine, an international thinkank who
recently published a study on "Funding the green new deal" (Kapbat. €012);and the newly
established Carlo Foundation, an independent rating agency for sustainableidinaraucts.

2.4.3 Mapping the climate network relevant for policy

State of the atC2 NJ G KS & FI a i -2812 pexdd stiigycomyhiin®sts were made and
delivered on. However, a major difficulty turned out to be to spend the money both quickly and
effectively. This difficulty demonstrates the need for a better understanding of the interactions
between the different actors and instruments involved in climate finance. There is also a problematic
tension between on the one hand the complexity thatnkarent to most financial innovations and
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the other hand the high level of transparency that is needed in order to sustain international
agreements.

Progress As of today, climate finance projects are assessed individually, in isolation. The only risk
corsidered as global is the one associated with the carbon price. In other words, there is no systemic
view on the climate finance system although a few actors play a crucial role and face highly
correlated risks.

Insights about complex financial networksoshit is crucial to introduce a systemic perspective in
climate finance. Deeper insights into the dynamics of the complex climate financial system shall be
provided by developing maps of its network structure and models of the actions and interactions of
the agents involved. In particular, leveraging on the work carried out onr gemeration agenbased
models and financial network models (Battistonak 2012a), network models care developed to
assess the systemic importance of actors in the climatante arena. Algorithms have to be
developed in order to analyze the impact of a negative shock on one actor to its counterparties, in a
framework where commitments are not (only) financial, but also environmental. In similar models,
the propagation of pasive shocks, e.g. the decision to make a new investment in climate projects,
shall also be investigated in order to develop methods to identify empirically where investment
capacities with maximal impact are located in the network.

Such models and methadcould contribute substantially to the design of a broader and more
efficient climate finance system. They will be of a particular interest for public institutions involved in
climate finance such as multilateral development banks or the European Comwmisbkich has
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system will also be an extremely valuable input for those in charge of its monitoring such as the
Monitoring Unit of the DG Climate Actiof the European Commission.

2.5 Health

2.5.1. Global He alth and ICT

Manfred Laubichler

Health is a global challenge and a global problem. Health orbs#&lhy is also fundamentally a
property of complex and ultimately global systems. The global dimergiphies to individual health

as well as to the health of populations, ecosystems or economies. Any understanding of health
requires a complex adaptive systems (CAS) perspective that also includes values (social, economical,
cultural, personal) and epistertagies (how do we know what we know, what are criteria of
evidence, etc.)

Health Challenges as Part of Global Systems Science and Complex Adaptive Systems Science
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All health challenges lie at the intersection of several global systems. Thesesinelious biological,
ecological, social, technological, and economical systems. As part of a tightly interconnected world
processes at all levels interseetithough exactly how is in many cases not fully understood. But what
we do know is that there arenultiple complex interactions that play out at different spatial and
temporal scales and involve various felealck and feedorward loops. Most research has been
focused on small or local intersections and has missed important dimensions that are doléyatisi

global scale. We are currently collecting data that will allow us to understand some of these
connections and causal links (the big data challenge). But these data will only be meaningful, if we
have a corresponding conceptual and theoretical feavork that frames challenges, such as health

as a truly global systems problem. To establish such a framework and test it in the context of specific
health challenges at all levels of organization is one of the goals of global systems science.

A global gstems perspective applies to all dimensions of health

1 Individual health: While traditional biomedicine is exploring genomic, physiological and
behaviouralcomponents of health as complex adaptive systems it is becoming increasingly clear
that global syeems dynamics play a major role in determining individual health outcomes.
Examples include shifts in the distribution of infectious disease agents due to global climate
change, exposure to new diseases and environmental pollutants due to climate chahg®hal
economic activities, increased risks to the food supply, etc.

1 Population Health Many health issues also affect populations. And in today's world the
population structure has reached a global scale. The ongoing danger of pandemics, the effects of
demographic changes and the patterns of global migrations all affect health at the population
level.

1 Ecosystem HealthAnother important aspect of global health is the state of the supporting
ecosystems. These provide a variety of ecosystems servicesrancreasingly threatened by
various aspects of globalization. Ongoing changes to ecosystems will, through various links and
connections of integrated complex systems, affect all other dimensions of health. A global
systems science perspective is edg#rio study, understand, and manage health at all levels.

Evolutionary Dimensions of Global Health

Evolutionary dynamics are a central part of global systems and complex adaptive systems approaches
to global health. All system respond to externaildainternal challenges, either by regulatory
dynamics that maintain an adaptive equilibrium or by transformative dynamics that change the
system state, either in an adaptive or chaotic way. Currently many of our complex global systems are
operating far awg from their equilibrium points and are observing positive or féedvard
feedbacks that make it increasingly difficult to predict their behavior (not unlike the financial system).

In order to maintain or manage global health challenges we there fore adeetter understanding

of the dynamical properties of closely connected global systems.

ICT Dimensions of Global Health
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Approaching health as a global systems problem is only possible if it is done in the context of big data
and new forms of informatin and computing technology. Current trends in monitoring systems level
properties and markers of systems health need to be expanded and most importantly these various
data streams need to be integrated in real time to allow for adequate representatiosystém

states in order to enable informed decision making. Global systems health is thus at its core also a
computing challenge. This includes present and future as well as historical data (which increasingly
become available). The historical dimensioespecially valuable, as it will also allow us to study the
effects of phase transitions in systems behavior. Complex systems change their dynamics when they
go through scale dependent phase transitions. It is therefore crucial to get access to as m&any cas
studies of such phase traditions as possible. Health data, financial data as well as data about the
history of science are among those that allow us to study the consequences of phase transitions in
complex and now global systems.

Phase Transitions iKnowledge Systems

One foundational question in the context of globalization is what happens to knowledge systems
after they pass through patterns of expansion finally reaching a truly global dimension. How are the
dynamics of these systems affected byclsutransitions? What are the consequences for our
understanding of such systems as well for their governance and organization? Western science as a
specific type of a knowledge system has continuously expanded since its inception in its modern form
duringthe period of the scientific revolution. It has passed form a mainly local organization with well
established patterns of communication in the 16th and 17th century to a period of national
organization during the 18th and 19th century (including its raldaw European colonial expansion),

a period of mainly transatlantic interactions in the early 20th century (amplified by the exodus of
Jewish scientists from Germany and neighboring countries) to finally a truly Global enterprise.
Western science has thusxperienced a number of phase transitions, all of which are very well
documented in the historical record of science. It is thus a prime case study for exploring the
consequences of transitions in scale. To do that, we need to analyze the history agwk quactices

of science as a big data problem, analyzing a rich and vast documented historical record with novel
computational approaches that allow us to identify patterns and processes and their transformations
in the context of transitions in scale. Tlas end we will apply concepts from evolutionary theory and

the theory of complex adaptive systems to the analysis of the historical patterns and processes of in
the development of Western science. Treating science and it history as a case study fdr glob
systems science has two distinct advantages: (1) science is a complex social system with a long and
well documented history and analyzing science can thus lead to important insights into global
systems dynamics and (2) effective governance of curreobaglscience is one of the main
challenges of our global society as we depend on getting the right kind of results from investing
increasingly scarce resources.

An additional contribution is expected here fréhessandro Vespignani
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See als®ppendix 4.1 onlobal Contagions Over @volving Networks: A Genuine GSS Challénge
by Christopher L. Barrett, Devdatt Dubhashi, Madhav V. Marathe in section 3.1.2

2.6 Energy

The global energy systemastering its biggest transition since the first oil crisis four decades ago. In
those days, oil prices left the remarkably stable basin of attraction in which they had moved since the
initial learningby-doing made cheap oil available more than a centugp.aPresently, the debate
about climate change, the fast rising demand by emerging economies, the decision to phase out
nuclear in one of the premier engineering countries of the world, the learbiardoing in the field of
renewables and the developmenf éracking techniques are profoundly changing the global energy
landscape.

As usual in those situations, people tend to claim reliable knowledge in areas where informed
guesses are all that is possible. Developing such gue&ssesnarios, possibility spas, subjective
probability and moreg in a transparent and systematically improvable way is an important task for
global systems science. Collecting evidence for successes and failures of policy interventions is a
second one. The results can be soberlmg,that may well be exactly what is needed.

J. Doyne Farmer,

Possible problems to which GSS can contribute for energy include:

Infrastructure. Energy production and consumption involves a complex set of physical and economic
processes, with social,ngironmental and financial impacts. Understanding the consequences of
possible policies in regulating and supporting energy infrastructure should be a primary activity of
GSS. To be explicit, the stages of energy production include the following stages:

1 Resource extractionThe majority of current energy generation occurs by extracting fossil fuels.
Renewal energy generation still involves resource extraction, including sun, wind or tidal energy.
The nature of the extraction phase has -faaching environrantal consequences, but also
economic consequences (price) and social consequences (e.g. jobs). The nature of extraction
dictates many aspects of the rest of the infrastructure given below.

1 Production of energy generating capabilit¢Getting the ability toproduce energy requires
infrastructure in and of itself. Constructing an oil refinery involves extracting other resources, such
as steel and other building materials, depends on construction methods, etc. Oil refining requires a
deep knowledge of chemistr Similar considerations apply to solar energy and other renewables.
This is embodied in the sustainability literature by life cycle analysis, which takes all the stages of
production into account. GSS can play a key role in broadening life cycle ataiysiside all the
other components in this list, including social as well as economic consequences.
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1 Storageis a key problem that must be solved in order to make the transition to renewable energy.
This is primarily a technological problem, but as willho&the above, any proposed solution has
side-effects on broader levels that must be properly taken into account. Storage solutions must be
well-integrated into the vision of a smart grid.

1 Transportation Fossil fuels mudie transported to their eneuselocation.

1 TransmissionElectricity must be transmitted from its point of generation (unless generation is
performed onsite).

1 Distribution It must be distributed from local stations to the consumer.

1 ConsumptionUnderstanding consumption is at the caséthe problems to be solved. The energy
system is designed to satisfy human needs. Having a good understanding of consumption is
essential-- we cannot design energy infrastructure without understanding what people want and
people will respond to policglternatives. This is particularly true because patterns of usage have
major impacts on efficiency.

It is essential to have a holistic model of the entire energy infrastructure that addresses the
interactions between its components. This requires glogateams science.

Understanding the process of technological improvement is essential for planning future energy
systems.

To understand how to mitigate the effects of global warming and plan investments intelligently we

are forced to make forecasts aboute likely rate of improvement of different technologies. We must

find energy production technologies that minimize environmental impacts with the lowest possible
cost. The best approach for climate mitigation depends sensitively on assumptions aboutethatra

which different technologies improve. Our choices of technologies dramatically influence all aspects

of energy infrastructure; for example, the characteristics of the grid that we will need in the future

will be very different if we massively adopticlear power than they will if we adopt solar energy. To
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have typically been wrong due to a combination of siloed thinking, industry bias and the advocacy of
special interests. Note that we are not claiming that we should advise technologists in the lab, but
rather that we should take global systems sciend® iaccount when making investments and in
extrapolating the future course of technological improvement for planning purposes.

The different nature of technological dynamics is illustrated in the following figure 2 which compares
the cost efficiency of geerating electricity with coal, nuclear power and photovoltaic solar as a
function of time. We show the coal fuel price, which makes up about 40% of electricity cost from
1860 to present, and compare it to the price of electricity from U.S. nuclear erfarggisured in

terms of the time when a plant comes online), and the price of photovoltaic solar energy modules,
measured in terms of dollars per watt of peak power. As a reference we show a horizontal dashed
black line, which is the goal adopted by the W&partment of energy as the price at which solar
modules begin to become competitive with coal. The key point that emerges from this figure is that
the historical time dynamics of different energy sources are quite different. In particular, the price of
coal has remained roughly constant over the 150 years it has existed, the price of nuclear power has
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actually increasely while PV solar energy has dropped by almost a factor of 3000 since it was
introduced in 1957 (we show only data since 1976 here). lasgime these trends will continue the
consequences for public investment are dramatic: While solar is only marginally cheaper than nuclear
at present, it is likely to be dramatically cheaper in the future, and indeed a simple trend
extrapolation shows thiaif present trends continue, by 2050 it will be five times cheaper than coal.

Figure 2
Price trends of coal, photovoltaic and nuclear electricity
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Failure to take such trends into account could lead to poor decisions regarding our public energy
investments. And of course, these choices impact everythisg; dlhis suggests that we will need to
make a dramatic change in infrastructure in order to make the needed transitions.

1 Evolving safety regulations have unquestionably had a large effect on nuclear energy prices; in particular the Three
Mile Island and Chernobyl disss occurred during this period.
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This example illustrates the need for better methods for planning not just energy investments, but
technological investments in genérd his is treated in the section on sustainable economics.

2.6.1 Energy infrastructures and GSS
Emile Chappin & Paulien Herder

Energy infrastructures form the core backbones of our society and enable our society to prosper. In
order to maintain our way dife, the need for an affordable, secure and clean energy supply is widely
acknowledged. Europe imports around 90% of its fossil fuels, which makes it heavily dependent on
limited resources and geopolitical forces. Solving the problem of sustained enesigynssecurity is
crucial for Europe.

Solutions for ensuring energy supply in the next decades need to be found in technology, policy,
institutions andbehaviour Increasing interdependence between electricity, natural gas, heat, biogas
and other energynfrastructure networks may result in more volatile and unexpected system and
market behaviour. Policies for balancing, managing international interconnections, supporting
renewables, trading greenhouse gas emissions, curbing congestion and maintainingtigene
adequacy differ between countries and are interdependent. We need to develop an integrative
systems approach that accounts for such interdependencies. Renewable energy technologies, smart
grids, energy markets and regulation, and emission tradihgrees have sparked massive research
efforts all over Europe. An integrated engineering systems perspective, in particular a spftems
systems view across sectors and national borders, linked with policy and economics is necessary.

A new generation of argtical, modelling and simulation toofhouldenableus to study innovation,
strategy and policy making and explore the evolutionary pathways and the operational dynamics of
these complex systems in relation with technical, economic and social conditions.

2.6.2 Energy: Centralisation versus Decentralisation
Catalina Spataru, UCL Energy Institute

By the end of the postar period, electricity production in Europe has been driven towards
centralisation with the development of large scale power plants. Thetfet the electricity system

in Europe is going nowadays through a transformation process can initiate a new era in the energy
sector. As Europe is experiencing a period of deep modifications in the energy sector, energy
efficiency, reliability and decrea of greenhouse gas emissions are the first priorities for a more
sustainable energy strategy. However, the EU legislative does not adequately specify the questions
posed by a decentralised approach with many unknowns unknown. Starting with the defifution
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could be at low level, so that can contribute towardsaddishing distributed generation as a main
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source of electricity or as a backup producer, with decentralised energy being generated in smaller
power plants. As a result, it can reduce the environmental footprint of producing energy, compared
to centralisel systems, where transmission requires an enormous footprint for lines to transport
power at high voltage (MGXx). Currently, 93% of electricity worldwide is supplied through centralised
generation and distribution [2].

Currently through the use of centraéd electricity generation stations, around 65% of the energy is
lost before it even reaches consumers. If we could use this waste heat, it could contribute to improve
energy supply security and tackle climate change.

Although, as already stated beforehere are many advantages to adopt a decentralization way,
currently investments continue to focus on centralised technologies especially in electricity. Part of
the reason why this is happening is the structure of electricity and gas markets and the wiighn

they are regulated, but also the fact that many industry and policy makers support the convenience
of centralised energy systems. Furthermore, there are more practical barriers and technical
problems, as the distribution networks have to be reinfdcand to some extent redesigned to deal
with new capacities. Also, price competitiveness is very important in order to establish an efficient
distributed generation in terms of both performance and cost. Subsequently, regulatory barriers
require extensivavork to modify the rigid regulatory environment the distributed generators have to
face.

With distributed generation and storage, energy consumers have the possibility to become producers
of electricity. Therefore a decentralisation system has severagh@idges over a centralised system,
such as: avoid network losses, reduce transmission and distribution costs, requires less backup
capacity due to the fact that many small generators are less likely to suffer a major impact from the
outage of a single gemator, can be tailored to local conditions; can be installed much faster than a
centralised system. In global terms, decentralized energy could revolutionise the lives of billions of
people who currently lack access to basic clean, affordable energge®rvi

However, despite the many benefits there are still significant barriers and at European level it
depends on national circumstances. Currently, decentralisation has already started to made a strong
appearance in the European energy market, in 50% ®fyD¥'I NJ Q& St SOGUNROAG& |
Netherlands with widespread in many other countries, including Sweden, Germany, Austria, Finland,
Italy, Spain. Realistically centralised power stations will need restructuring over the next years to be
able to cope wh high uptake of renewables and move to a decentralised system. To do that, the
best way is to adopt a transition pathway to a hybrid centralighstentralised mix system which will

be highly lightly to work through slowly progression. Governments nednprove policy and
remove regulatory barriers to uptake a more decentralised approach to energy system. Also
important is to increase the accuracy of forecasting need, possible energy storage of energy excess
production and reduce cost of recent techoglcal innovation. However, applied globally,
decentralisation could be a promising social transformation and industrial revolution.

[1] Department of Trade and Industry 2006. The Energy Challenge: Energy Review Report. London:
The Stationery Office
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[2] Decentralising power: An energy revolution for the 21st centwww.greenpeace.org.uk

2.6.3 Energy Resource Dynamics and Immediate Issues

William J. Nuttall

Even without the looming challenge of anthromogc climate change, energy is a complex business.
For most, but sadly still very far from all, Europeans it is many decades since energy was simply a
matter of keeping warm. Even in the nineteenth century the supply chains and industrial investments
to sodzNDS 9 dzNR LISQa Sy SNHeé gSNBE FINJ FNRY A0GNFAIKG T
a GSS. Of all the energy resources arguably only crude oil is a genuine market commodity traded in
liquid and transparent markets. Natural gas is still shrouged cloak of contractual secrecy and
renewable and nuclear power are entangled with politics. The most strongly growing fuel in the
global energy mix is coal despite the climate change problems it Brings

One of the odd truths of the current energy systas that one international oil and gas company
allocates a cost of $40 per Tonne to CO2 emissions in its investment
appraisals(http://www.bloomberg.com/news/20122-06/shellsayseurope-needs120-a-ton-coz-
to-rival-coatwind-1-.html), while the carbon pce in the European Union, so proud of its green
credentials, languishes at one tenth that level. Such odd realities are a sign of a GSS at work.

In the last few years the retail distribution of petroleum has seen examples of fuel panics which
reveal ineresting GSS characterisfics

The technique of system dynamics has long been applied to problems of energy resources
depletion’. The Electricity Policy Research Group at Cambridge University has built upon this tradition
in recent years. Much of that woik now in collaboration with The Open University.

Much consideration is rightly given tenewableenergy for its potential contribution to a low carbon
future. The attributes brenewable for energy security are similarly important aezy well suitedo

GSS analysis. Much of that analysis remains to be done. One immediate issue is the possible risk of
cascading grid disconnection of distributed renewable generators in the face of detected erosion of
grid power quality. See the work of Martinez de ARegr  >S Suchl-céscading failure could be similar

to a cascading failure in the banking sector, as considered in section 2.2. Despite these risks
renewable energy avoids the supply chain risks long associated with fossil fuel energy security.

2 http://lwww.iea.org/newsroomandevents/pressreleases/2012/december/name,34908,en.html
% Upton and Nuttall http://www.eprg.group.cam.ac.uk/wgcontent/uploads/2013/04/1305PDF . pdf

* http://www.systemdynamics.org/conferences/1989/proceed/parallel%20sessions%20pdf/naill423.pdf

5 http://www.ewp.rpi.edu/hartford/users/papers/engr/enesto/farrew2/Project/research/7E440736d01.pdDther
considerations relate to the risk of disconnection in the face of extreme weather
(http://www.risoe.dtu.dk/rispubl/reports/risr-1714.pdf
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http://www.eprg.group.cam.ac.uk/wp-content/uploads/2013/04/1305-PDF.pdf
http://www.systemdynamics.org/conferences/1989/proceed/parallel%20sessions%20pdf/naill423.pdf
http://www.ewp.rpi.edu/hartford/users/papers/engr/ernesto/farrew2/Project/research/7E440736d01.pdf
http://www.risoe.dtu.dk/rispubl/reports/ris-r-1714.pdf

In summay even before the emergence of a laarbon distributed and smart energy system there
are many important issues faced by both the energy industry and policy makers which are usefully
amenable to analysis using GSS methods.

2.6.4. Global energy trade flow s, modelling and economic networks
1. Global energy trade flows and the economy

Franziska Schuetze

In 2011, annual revenues of the three largest energy corporations such as Royal Dutch Shell, Exxon
and Chevron were in the range of US$ 470bn, US$ 433bn28E&H respectively (Global Energy
company rankingshttp://top250.platts.com/Top250Rankings/2012/Region/IndugtrySeeing that

this is as large as the GDP of Portugal (US$ 23RAbgentina (US$ 446bn), Norway (US$ 485bn) in

the same year, one can assume that energy trade flows have a significant impact on the global
economy as a whole.

GSS can engage in mapping and understanding the global flows of energy: including fuels/raw
materials used as energy source, as well as trade flows of generated electricity. Resulting from this
information, we can ask how the energy sector influences the global economy?

How would a shift in trade flows or price shocks influence the economic actiwtié® network of
countries and corporations involved, e.g.:

1 How does the shale gas boom in the US influence global trade (quantities and prices) of oil,
gas and coal. Does it shift electricity generation practices globally?

1 126 @dzt Yy SNI 6t $onomg? HowK &o oitigeigicbal rice $hocks influence the
industry and therefore the entire economy globally?

1 Can a shock in the energy sector cause a global crisis to a similar extend as the financial
sector?

More advances tools and models are needed to asggobal scenarios of this kind.

2) Energy & electricity modeling

In the area of energy modeling especially when assessing electricity costs, there is a need to go above
and beyond single technology considerations, where usually LCOE (leveled costtriditg)eor

capex (capital expenditure) of several technologies are compared to each other.

Instead,energy costs need to be analyzed from a system cost perspegctivduding more than one
electricity generation technology (not a single technology vatlzar) and including system costs

such as energy storage, transportation as well as demand side management (next to generation
COsts).
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If for example a generation or storage technology is expensive from a capex and LCOE perspective,
but highly relevant frmm a system perspective and will only run several hours per year, it will not
increase the overall system costs significantly but will add value to the system.

Parameters that become important theare technological lifetime, load and capacity factor,
flexibility, storage capacity, as well as cost sensitivity with respect to changes in variable costs such as
fuel costs and CO2 costs.

Even if an electricity system is optimized in terms of total system costs, the following question
remains:Does the system nesto be organized in a centralized fashion?

GSS can develop tools to assess differences in efficiency and costs of a decentralized energy system
versus a centrally organized energy system.

Linking energy system considerations ¢bmate change and sustairality researchis equally
important. Here GSS can shed more light on questions such as:

1 Multiple equilibria:

The question of multiple equilibria is relevant for the energy system as Tll.current energy
system (in any country) is not without alternadis, therefore the question is which alternative
systems (equilibria) are possible and how can a transformation to such an equilibrium take place.

If the aim of an energy system is to provide supply security at minimal cost for society (system costs
plus externalities), there are several possible equilibria, however with different levels of externalities.
Assessing and choosing for a possible energy systems should include considerations in climate and
environmental policy as well.

1 Externalities:

The amounbf externalities such as CO2 emissions throughout the entire value chain, environmental
degradation, contamination, food security, loss of biodiversity, {targ risks of fuel extraction and
waste disposal need to be assessed more carefully and takemaaount.

1 Rsk assessment:

There are shorterm risks (emerging during the operation time of the plant) and Hergn risks

(risks that go beyond the operation time of the plant). The assessment of these risks seem to differ
very strongly between countrieand are heavily influenced by political goals and political decision
making. Private companies internalize the benefits of using energy technologies with higtiertiang

risk, but often the longerm risks are transferred to the nations and therefore sbgi The involved

risks are only shifted in space and time but not reduced or eliminated. Lobbying power of energy
corporations certainly plays an important role here.

Energy corporations are not wiling to take the letegm risks due to the shoitermism of todays
financial and investment cycles. The challenge is to find governance mechanisms that make
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corporations take over a larger part of these risks collectively (disaster fund /resource extraction fund
or similar) and therefore take over more responkip for longterm consequences of their
operations.

However, there are no unified measures used to assess these kinds dktomgisks. The challenge
is to establish a more objective and more holistic risk assessment at a global scale, which will put a
price tag (a range of potential costs) to specific technologies and practices.

3) Market design and policy interventions at a global scale

Information about energy market design and policies implemented in the energy sector is highly
dispersed and partl®y not transparent:

T First, how is the energy market organized/sgt in countries worldwide: Which markets are
liberalized, which are centralized, what are the resulting wholesale and retail prices, how
transparent are the costs for the consumét®w canwe obtain more transparency in OTC
transactions?

1 Second, which countries have implemented which policies (e.gife&tiffs, quota systems,
etc.) with which effects?

A more systematic monitoring and information sharing system is needed to increasentgatna
global scale.

4) Innovation and technological development

From a sustainability perspective, technological development in the energy sector need to take into
account the negative environmental and social impact throughout the value chain. Difteieions
need to be assessed in a more holistic way. Questions arising from that are:

1 What do learning curves for different technologies depend on? How can they be accelerated?
Which role does energy policy and industrial policy play?

1 How can we make se that new energy technologies focus on sustainability and become
valuecadding for the environment and society?

1 What is the role and the responsibility of engineers in this respect? (Analog to the question on
the responsibility of bankers and traders hetfinancial sector)

5) Connections between the different layers and networks

Decisions have influences (often unintended) on other sectors (@®@st®r) and other countries
(crosscountry) and vice versa:

T Interconnections between the transport sectondustry, energy sector, housing/building
sector, the financial sector and so forth become increasingly important. E.g. How can the
financial system support and hinder technological development? How does energy policies
influence climate policies?
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1 Decisionsabout the market organization of the energy market in one country have an
influence on neighboring countries and trade partners. Countries should be more aware of
and take into account the influence their decisions have on other countries (especidily in t
EU context) and coordinate policies in this respect.

2.7 Global Sustainability

Sander van der Leeuw

These contributions have been extracted from the GSS itig://blog.global-
systems-science.eu/

2.7.1 Environmental change, globalization and ITC
March 5, 2013

Models and our understanding the dynamics of the Earth system

Our understanding of climate change is due to thtyd years of research that combinednpirical
observations (ic&ore analysis; monitoring of (ant)arctic ice sheets and glaciers, average annual
temperatures, etc.) into models of the atmospheric dynamics, including incident radiation NCPD

and other gas concentrations in the atmosphee¢s;. In that enterprise, modern computing plays an
essential role¢ without it we would not have been able to combine the various sources of
information into adynamictheory that was able to explain what is happening. The results have been
the basis forthe reports of the Intergovernmental Panel for Climate Change, and have thus drawn
worldwide attention to the topic. An important aspect of this work is the modeling without which we
would not have been able to gain a glimpse of what might be happeniting ifuture.

From an ICT perspective, it is noteworthy that this research as in fact used some of the biggest
computers on Earth, and has led to the development of very sophisticated mathematical and
empirical modeling software in centers such as the NwticCenter for Atmospheric Research in the
USA and the Hadley center in the UK.

Worldwide, projects such as the AIMES component of the International Geospiesphere
Program (and its predecessors) have over the last ten to twelve years begun an amattempt to
include other flows and dynamics of the Earth system in these models.

The relevance of this effort is attested in the prominence more recently accorded to the concept of
WL I Yy S{ I NEc the 2ddaytiat thNkeSage @ number of other, erelated, domains where
human activity has pushed the natural dynamics of the Earth system to the point that equilibria that
have persisted since the beginning of the Holocene are likely to be fundamentally undermined
(Rockstrom et al, 2009). Some of tkedomains are ocean acidification and sea level rise, freshwater
use, chemical pollution of the terrestrial ecosystem, biodiversity and ecosystem services, etc. The
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result could be that rapid changes in each of these domains would start interacting veithogtaer,
and tip the Earth system as a whole out of its current basin of attraction.

The models and data used to derive the understanding of these other planetary boundaries has thus
far been developed in an aubc and sectorial fashion, so that the paot&l interactions between

these phenomena are far from cled&fforts are needed to remedy this, by building models that can
integrate the dynamics of the various sectors. This in itself will be a major challenge in the ICT
domain, not so much concernihgrdware as in developing the software to achieve this.

Ly

set the next step: including human social dynamics in these models. This requires a change of scale.

GKS O2yGSEG 2F GKS NBadNUzOG dzNBR WCdzi dzNB
Environmental Change Programs of the International Scientific Union (ICSU), aAdinslen by a
range of national and international funding agencies, scientists across the world are now beginning to

Whereas atmospheric and hydrospheric dynamics camshdpproximation be modeled at the global
scale, that is not the case for the societal dynamics. These differ economically, technologically,
culturally and institutionally so much across the globe that the scale at which they are first explored is
necessaly regional.

All this poses number of important challenges to ICT:

1

=

=

91

The downscaling of the atmospheric and hydrospheric models to the regional (or even sub
regional or local) scale,

The upscaling of ecological and other environmental models to theorediscale

The development of models of societal dynamics in all their complexity in reailtspace

As these models cannot be built tdpwn, underpinning any such efforts will require massive
data collection and monitoring, by a wide range of meansdifferent environments and
among different societies.

Two kinds of data can be distinguished: behavioural data and perceptual data.

The former can generally be captured by a wide range of sensors

The latter can only be gathered by direct interaction witle people concerned, in
experimental or other situations, or through crowdsourcing

(0]

Finally, this will require a massive intellectual effort to compatibly bring together
information that has been assembled in different contexts, by different discipdinds,
with approaches rooted in different epistemologies.

Not only do we believe that these challenges can be met, we would argue that meeting them is a

guestion of survival for our mode of life. If we do not meet them, the environment will change and
find a new set of equilibria, but there is an important risk that our societies will not in time be able to

achieve the resilience necessary to deal which these changes.

Transforming our culture to integrate the challenges

The potential consequences ofimhte and environmental change have been known for decades,
whether due to human activity or not, but very little has been done about them thus far. This is a
Of FaaArol0 wOz2f f S Q@ Hbok@ddwe mabilize aufficlentintetedt, trfsl Yreb& thecassary
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sense of urgency, to trigger collective action. It is complicated by the fact that the change in culture
YR YAYR&aSG NBIldZANBR Aa YlIraaAagsSs IyR o6& GKS Tt
leverage against. Under this headinge wistinguish between action and the research needed to
focus that action effectively.

Research

We argue that in this domain our next step is itentify the core themes that can energize the
transition to a sustainable sociegnd the role ICT can plag that project. Though much Global
Environmental Change research to date has been focused on understanding the dynamics that drove
our world to the present predicament, much less effort has been devoted to thinking about ways to
get us out of it. Moreoverthe social sciences have thus far insufficiently been involved because the
challenges defined by the research community were not formulated as social science challenges.
Preparing and guiding the sustainability transition, however, is essendiatcid science challenge

even though many other disciplines are involved in determining the context for that transition.

The core question we must ask i#2 K& Aa AdG OGKFG &2 YdzOK (1y2¢g
sustainability at so many levels has led to sd Ii& | Orhat QugsHof has a number of different
components at various levels, going from the cognitive to the cultural, to the institutional, which we
will not elaborate here:

The pathdependency of our societies

The difficulties of preparing for artaling with major catastrophes,

The difficulty of anticipating unintended consequences,

The role of technology in our society and our (§vewnfidence in it,

The difficulty of anticipating how societal dynamics will impact on our life, etc

= =4 =4 =4

We arenot arguing that there are immediate answers to these challenges; nor that we see a clear
path for an ICT contribution to them. There is certainly the space and the opportunity for such a
contribution, but implementing it must go hand in hand with some artpnt developments in
theory development, and the exact implementation will depend on how this shapes up.

Next we must ask a series of questions aboutrihéure of the transition that we wish to effectuate

T { K2dzZA R 6S | AY F2NJ | itidocdarR slowlpmizlingrémdaial cdezY LIQ  § NJ

T { K2dzZA R GKAA 06S RNAGSY Wo20G2Y dz2LJQ 2NJ Wi 2Ll R:

1T 126 R2 ¢S dzLJaoltS GKS Woz2aid2Y dzLJQ St SyYSydaa
that they are adapted to local circumstees?

Once we have done this, we must raise the issuba¥ to instantiate this transitioR That, again,
gives rise to a host of questions:

T How would we frame normative goals? There is a troika around values, economics and
institutions, but is that enagh?

1T 126 ¢2dzf R 6S GaONBIFGS +y SGKAO 2F aidSsl NRAKAL

1 How would we confront cultural and social value differences? One cannot impose any cross
cultural specific practice because of such differences.
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1 Would one use tools integrialg persuasion, dialogue, policy debate, culture and custom?

1 How can we identify innovative and exciting accelerators of change?

1 Could we build positive, plausible scenarios for transition to a sustainable society that could
provide a framework for futw research.

1 Would we need to explore how to deconstruct institutions?

1  What strategies for avoidance, adaptation, and transformation are effective at large scales?

All of these questions involve studying the structure and dynamics of alternative futarsks,
therefore involve a much more systematic exploration of models and scenarios, in which ICT will play
an essential roleWe have thus far not systematically harnessed the power of computing to the
exploration of multiple societal future#s a resultmost of our reactions to potential societal futures

are underdetermined by our observations, and odetermined by responses derived from past
situations, which are inand of themselves patdependent and inadequate. That needs to change,
and that requies rethinking how we use ICT with respect to global environmental chamgejng

from learningfrom the past to learnindor the future(van der Leeuw et al., 2011).

Action issues

Action needs to happen at all levels of society, and in the followmnglifees, we can only highlight a

few areas. All of them can hugely profit from ICT developments, because these will enable better
data-driven decisioamaking, but such developments have to go hand in hand with a study of their
potential impact on societyncluding their unintended consequences.

We need to improve how governments, at all levels, create and manage different policies and other
tools that promote sustainability The difficulty is in combining the ethical and environmental
dimensions with theeconomic and social ones, and in identifying the tradeoffs and making the
correct decisions about them. Clearly, this cannot happen in a uniform way across the; ¢lobECT

tools can be developed that look at tra@dfs scientifically and rationally, drthus facilitate decision
YF1Ay3as: YR GKSaS OFry 6S LINRPLI3IFGSR a woSad LI
AYLINR @GS (GKS O2yySOiGA2y 0SisSSy F20SNYYSyild | yR
RSaAx3dyés O2 Y oghofmoyement land lidea¥ dmerkigg in civil society with adiown

selection process that moves us in the right direction.

The most likely response from the business community would be to commandeer the sustainability
movementso that it may be at worstantrolled, and at best turned to a profit. This is clearly evident

AY G&@8NBEYy3Ieés>s YR Aa 2yS NBlFLazy F2N) 6KS 6ARS
adzadFAYylloAfAGED . dzZAAYySada GoN}yRaé¢ (KS YeoAaSYSy i
makes it harmless, and if possible even makes some money off of it. Can this tendency be
transformed into a serious attempt at promoting sustainability? There is reluctance to pursue this
thread because it is admittedly cynical, but it is also Wey of the real world. If we are to move in

the right direction, involving business as best we can is an urgent task.

¢tKS SO2y2YA0a 2F AaNY GA2Yy Il f 0SK Ibad partidadily withiNBur | LIN.
own. Standard economic definitionsf rationality pose individuals as satterested utility
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maximizers. There is nothing irrational about ignoring a call to sustainability if it leads to a reduction

in utility (i.e. wellbeing, wealth, etc.). The rational choice is to carry on with bissres usual, thus

GKS a20AFf RAESYYlI FyR 02fttSOGAGS | OGAZ2Y LINRO
from behavioural economics that the standard relassical definition of rationality is inadequate. Its

major inadequacy is its failure to esider relative standing and interdependent preferences.

2SS Ydzad Sy3lr3S 2dzNJ a20AS0ASaQ MkmistiddWwayi@hboithA S
focus that capacity and to accelerate Tihe unbridled innovation of the last few centuriesivén by

the desire to create value for our economies, is to an important extent responsible for our current
predicament. We need to rocus innovation by always taking its potential environmental
consequences into account, and we need to develop pathwayaccelerate such sustainabikity

focused innovation, removing bottlenecks and barriers. We are not very good at either of these, and
have to rapidly develop the knofwow to improve that situation.

Action tools

What might be some of the avenues by whiele could approach these challenges? An important
tool is, of courseeducation We teach in general along principles that date back at least half a
century, if not more (in certain disciplines). One important innovation would be the systematic
introduction of ICTbased models in education from a very early age, as this trains people to think in
alternative solutions, and therefore stimulates both critical thinking, and searching for multiple
solutions. The tools are available in the gaming industry, buttélaehing profession has so far not
made adequate use of them.

Another important tool would be thesystematic introduction of art and creativiiy schooling
throughout life, as this favors multiimensional and intuitive thinking as opposed to currenedr,
rational thinking. Here, the ICT multimedia industry has wonderful tools to help this kind of
development. Moreover, by combining such tools into a kind of interactive and personalized online
teaching that is very different from the kind that mosthsols and universities in the US practice
today, it will be possible to reach a vastly larger population with these ideas and tools at low cost,
and that kind of leverage would in itself be an important positive factor in achieving a transition to a
sustanability culture.

One could argue that a major factor in the rRemergence of a collective movement towards a
sustainability culture has been thdailure of the scientific community to adopt effective
communication strategiesThe messaging has been ilNttra 2 F | Y2NB 2NJ f Sa
GNHzOKQYX FyR LIS2LX S 6K2 RAR y20 dzy RSNBRUOFYR GKIF G
CKAA 2LISYSR UKS gl & F2NJ LI2gSNFdzZ f200ASa (G2 az;
the scientific mesage, whereas in other cases, the message was simply ignored because of a
fundamental disbelief in science.

~

a

bSGE2N] L/ ¢X O2dzLlJ SR gAGK WoAIQ &20AFf REFEGE | ¢
example, now offers the possibility to craft sgages that address the core issues for a multitude of
subsets of the population, and thus adapting the message to many different world views beyond the
rationalist scientific one. In order to exploit those possibilities, it would be interesting to cortiiéne
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WoA3I RIGFQ &9l df ivhiclR eharacterizél &éh individual according to up to 500
traits ¢ with extensive data mining among the discussions going on in the social media. That should
enable us at low cost to gather the information necegda craft appropriate messages to all sectors

of the population.

Crafting these narratives will be an activity in its own right, using all means of communication but
also extensive creativity. It will have to be based on substantive knowledge of haainsinslity
issues are perceived, and how that perception changes under the impact of education and
communication. For this purpose, one could develop other kinds of ICT tools, which dynamically
integrate environmental change scenarios with regional ecoccand societal dynamics in order to
help stakeholders understand how environmental change is going to impact their businesses and
themselves personally. From the interaction between such tools and the stakeholders consulting
GKSY 2yS Ol y stp&deptigh ofithé Ssudslcande®edand monitor how that changes
over time.

The third major topic in this series is that@figagement in the transition to sustainabilityVithout
such engagement, the desired mindset change will be much slower to emidigece, the crucial
issue is: how do we optimally engage our societies in this transformation?

2.7.2 A social planetary boundary
March 26, 2013

adzOK 2F (GKS OdaANNBy(d Lzt A0 RA&AOdzaaAzy a4 Ittt €
different as natural resources, ecosystem services, our economy, our financial system and the
security of our societies. That is, of course, true if one looks at each of these through disciplinary or
sectorial eyes. But from a holistic perspective we see akehtogether, as manifestations of one
underlying crisis, notablg temporary incapacity of our society to process all the information needed

to deal with the dynamics in which it finds itselhe fact that we do not have the answers to deal

with all these issues, whether individually or collectively, is due to a lack of knowledge and
understanding about the nature of the challenges and the means to deal with them, as well as a lack

of sufficient communication and alignment within our societies to také&ctive action together.

What has driven our socienvironmental system to this point? In their 200@ature paper on

Wt £ I Yy S NB Rockdtdiy & laINdkgSeititat the current environmental crisis is the result of
anthropogenic activities that haveriven, and are still driving the Earth system out of balance. But

that paper does not address how anthropogenic activities have also driven the human component of
the Earth system out of balanc&€he most striking imbalance that anthropogenic action hasted

in the societal domain is the huge difference in wealth between rich and podhe security
O2YYdzyAileé AG KFa NIXA&aSR GKS ljdzSadAazy gKSGHIKSNI (|
are to transgressing it.

Before answering that quésn we need to discern the dynamic behind it, and this involves a few
paragraphs of theoretical language. In its most basic formulation, humans process matter, energy and
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information to live. As individuals, they sustain themselves by processing matiegraargy, and to

avail themselves of these commodities they process information. As information is not subject to the
laws of conservation (but the other two are), it is the only one of the three basic commodities that

can be shared among individuals. Skthinformation processing is what keeps a society together

shared knowledge, shared values, shared customs, shared institutions, shared culture. Sharing
enables a group of people to meet challenges that exceed the power of single individuals to solve. It
GKdza YIF{1Sa GKS YSYOSNE 2F | 3INRdzL) WoSGGSNI 27F°F
a20ASGASa GKS 2yS GKIFIG 2FFSNAR Y2NB FR@Iyidl 3Sa
that a society keeps offering such advantages is the role ofvatian.

For most of human history, inventions by individuals were only transformed into innovations at the
societal level if (a) there was a need felt for them (a problem that they could help solve) and (b) there
GSNBE Sy2daAK FTNBES SKINEE AR | BIf BG I awaSIStYiSy ¢ (
severely limited the innovative capacity of ancient societies, and thus the steepness of the value
gradient between them and the outside world. We could summarize this by statingahatost of

humanK A &0 2 NBE Ay Y 2 JHRNADS yOI 30 ZWRRINSIHNARME® & Sodietal change

gla ftAYAGSR o0& GKSasS (g2 FLOG2NAZ IyR a2 ¢l a
YR W2dziaARSNREQO®

But this changed fundamentally from aroun80D with the introduction of ways to massively use
F2aaAf SySNHeé FTyR (GKS WAYRAZAIONARIFIE NBG2tdziAz2yQ
understanding the current sustainability predicament. As the energy constraint was retaeeldst

two ceri dzNA S& KI @S aSSy -RNADSHVRI-RNBSY QLRBWHENAR ( A 2
information processing has replaced energy as the main constraint and marketing has enabled
innovators to create demand for their productEhis has fostered the emergemof education as a
fundamental societal need, caused the exponential growth of (and our dependency on) the fossil
energy industry, and ultimately the current globalization driven by multinationals and trade. But it

has also hugely increased the value amehlth differential between the core and the periphery of

the system, and thereby reduced the chances that outsiders become insiders, leading to the
LISNOSLIIA2Y GKFG GKS ¢SIfGK RAAONBLI yOe Yl & gSff

Over tine, the dominance of the information constraint has led to the fact that, presently,
information, wealth and power are concentrated in a very small elite worldwide. This is due to the
fact that those with the most information at hand, and thus the greatedbrmation-processing
capacity, have an advantage over others in controlling the trajectory of society, and thus also in
extracting energy and matter froOm the whole system, accumulating wealth. It thus explains much of
the (growing) current imbalance bsten rich and poor in the world, as well as the environmental
problems that we are actually facing, which has come to the point that it seems more and more
difficult to maintain this extractive system in a stable state.

As wealth differentials reflect ddrences in informatiofprocessing capacity, they are therefore likely

to be hugely affected by the information revolution, which is in the process of levelling the
information-processing capacity differential. Rather than accumulation, spreading of iafanmis
likely to become the main driver of the economy, and the tool to create wealth. This will favor an
inversion from the current, predominantly extractimwaste economyin terms of raw materials,
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but also human capital) that has reached its Isnihto an economy of opportunity creation and
spreading wealthOnly by increasing the value, education and wealth of the underprivileged can our
societies continue to enjoy the high standard of living they currently have.

Currently, we observe two seengly contradictory trends; a levelling off of wealth disparities
between nations, as the BRICS countries become wealthier, and at the same time a steepening of the
wealth disparities within countries. This is the statistical effect of the rich becomahgrrin the
developing countries, while within these, as well as in the developed countries, the contrast between
NAOK YR LR22N 65S02YSa aidl NI SNW» ¢KS W2 LJJ]2 NIdzyAd
disparity by spreading information and thusducing the steepness of the information gradient, and

the wealth gradient with it.

We can distinguish two main kinds of processes that work in this direction. The first enable the
development of local knowledge, or the expansion of local wealth creatbeyeas the second aim
for direct information transfer from the developed to the developing world.

9EI YLX S&a 2F (KS FANRG o62dzyRX YR KIFI @S 6SSy aLJ
quickly saw that providing local populations in pooountries with western knowledge or
infrastructure often did not have as immediate an effect as helping local populations use their
existing talents. Developing the local recycling economies of the developing world is a good example.
These use materials du@s empty oil drums and crates, used tires and the like to create pipelines,
furniture and baskets. They are a fundamental part of the local economy, providing jobs, spreading or
accumulating knowledge, and reducing waste. Giving them access to worlethdrks been one

way to promote them, as in the case of the South African production of decorative baskets from
telephone wire. But another way to promote them has been the spread of microcredit to provide for
the initial investments needed for such enteiges to emerge. This has been so successful that more
recently it has spread to poor areas in the developed world, such as parts of New York City.

Examples of the second are the facilitation of distant access to information from many different
sources tlat was initiated by the search engines (Yahoo, Google, etc.), and then led to the
development of specialized online encyclopaedias such as Wikipedia that not only assemble but also
synthesize information. It is now entering a different stage with the erecg of the Massive Open

Online Courses (MOOCS) driven by major universities such as MIT and Stanford. These enable anyone
to study free of charge anywhere in the world. They are currently experimental, but likely to spread if
ways are found to return tohte educating institution a small percentage of the proceeds ultimately
3SYSNI 4GSR o6& (KS LJS2L S G(GKdza SRdzOF 6SR® ¢KS& I N
thirty years will fundamentally transform the worldwide education landscape at aldev

In addition, there are many-based tools that, even though they do not deliberately aim to educate,
have very important educational components. These range from blogs to social networks to games
that promote certain learning skills. In this domaime may expect many more innovations that
contribute to the transformation of the informatioprocessing landscape.

We conclude that we have to take the hypothesis seriously that one of the main impacts of the
information revolution will be a redistributio of knowledge and informatioprocessing capacity that
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will fundamentally undermine the current structure of our societies, businesses and governments
because information can no longer be kept from spreading.

In our vision that will inevitably end the meregime of wealth inequality that is about to lead to
major social disruptions due to the fact that the extraction of resources (including natural resources,
wealth and labor) from the periphery around the core of society which currently controls the
information processing system has gone to the point that such extraction is more and more costly
and damaging. From an energy perspective, the concentration has come to the point, for example,
that whereas individuals need about 100 watts to comfortably sirvin the US, the per capita
energy consumption is about 11,000 watts. At the same time the Rol for energy has gone from the
neighbourhood of 100 to around 10. For many other natural resources, the same is happening
(though maybe less drastically). Fotragtion of human capital there are no such clear figures, but
the lack of trust in the current governance system in many parts of the world and the wealth
imbalance that has grown over the last few centuries point in the same direction. This has, for
exanple, been noted by the security establishments of the US and UK, for example. In public reports,
they predict that many social systems in the developing world have been so fragilized by this process,
that their survival will seriously be endangered by tmmsequences of climate change.

If we are to avoid such a major and uncontrolled restructuration of our current societies, the
guestion in front of us is thusdow do we play into these insights in a way that contributes to also
reduce the environmentainpact that our societies currently havé&®e core of the answer is in our
opinion a longterm policy of stimulating and harnessing demand. But rather than do so by heavy
advertising directed at the same populations that businesses have for so long dependéey

have to identify new pools of demand, so that we can once again grow the economy based on
demanddriven innovation.

Identifying that demand begins, of course, close to home, in our western societies, by identifying
existing pools of demand th& I S G Kdza FIF NJ 6SSy A3Iy2NBRX &dzOK |
effort to develop new demand in construction and agriculture in the US by restructuring the economy
around construction in existing urban cores of housing and offices that arehengy {ncluding

refitting), and promoting novel strategies to increase sustainable agriculture in the Midwest.

In the developed societies, much larger (and more durable) pools of demand can be generated by
improving the education of the general populatias fas been done in, for example, Finland and
other Scandinavian countries. Education is good for business, and business would do well to heed
that and invest in it¢ whether directly or indirectly (through taxation and government spending).
Better-educated peple are more likely to be upwardly mobile, to gain more and thus to generate
more demand, and they are also more likely to stimulate invention and innovation, thus enhancing
the total value space of the societies involved. They stimulate the economyeosuibply as well as

the demand side. In due time, this will close the income gap and strengthen the middle classes, thus
reducing the risk of fracture in our societies.

Hence, western business should not leave the education and development of the miaskde<in
Africa and elsewhere to others, such as China and India. There are huge markets to be conquered
once the goal is lon§ SNY¥ NI} G KSNJ GKIFYy aK2NI GSNXYz FyR (K¢
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stimulate the consumption of western goods and the ¢i@a of westernstyle infrastructure, but the
discovery and encouragement of ways in which the populations involved can develop their own kinds
of culture, society and; ultimately ¢ demand. Collaboration between governments (both western
FyR f 2O0If{yo0RE obdeaAQyaS&daaSa Aa SaaSyuaalft G2 | OKAS@S
wide and deep knowledge of the other cultures in which they are active, and can point the way.

Education is clearly not the only way forwatthproving access to the basiommoditiesnecessary

for a healthy lifewill increase life expectancy, and thus contribute in its own way to creating new
demand, both in our own societies and elsewhere. Investment in freshwater access, locally generated
energy, access to healthcare, inoged transportation and communication all increase not only life
expectancy, but also economic activity, interaction, information processing and innovation in all parts
of the world. Much is being done in this respect, again mostly in collaborations batwe
governments, foundations and NGOs, but business should come to see more widely that it is in its
own longterm advantage to upscale and spread these efforts by investing in them. In particular,
there seems to be a growing disinterest in doing this ia ttealth and education areas in some
western countries, where this is in principle the easiest to achieve. There again, business can and
should make important investments.

In first instance, such efforts would reduce infant mortality, and thus create wews young,
energetic people aiming to enter the labor market in many places where the jobs are not available to
cater to them.Investment in job creatiog by fostering small and medium sized businesard
creating a legal and institutional climate inhweh business activity is regulated and protecheel thus

other tasks that need urgently to be undertaken and invested in. Large international companies could
for example take a number of small and medisimed companies in developing countries underithei
wing, develop collaborations, and ultimately profit from their growth (driven by local markets).
Governments could use their experience to invest in designing and creating the legal and institutional
frameworks necessary. In particular this might concarrevision of intellectual property rights, in
view of the fact that communication is becoming so pervasive that the current legal frameworks are
obsolete.

All this is predicated on two major assumptions. Firstly, that we can change the way in which we
innovate. Since the industrial revolution, our western societies have essentially, and increasingly,
innovated in every which way there was immediate profit to be gained. Business is now engaged in a
race for the invention of more and more material goodsaathythm never reached, and this speed

find its parallel in the shoftermism of the financialized economy. This has led to a situation in which
society clamors for innovation to lead us out of the current sustainability predicament (greenhouse
gases, ocan acidification, waste and other problems), while forgetting that two centuries of
indiscriminate innovation have brought us to this point. Western science, because of its reductionist
tendencies, has not been able to study the process of innovation tfaatly, which of course
O2yOSNya GKS SYSNHSyOS 2F y2@gStarasSaed LG KFa
O WONBIIGAGAGREQUE YR O2yOSNYySR AGasSt¥ vyzadate gA
But from a complex adaptive stems perspective, it seems that we might now get a better idea of

how inventions emerge, and how they are introduced into society so that they innovate. Business has
YdzOK Y2NB SELISNASYOS 6AGK GKI G LINP-Or® Sai-interdsty R A (
to use that experience to focus on directing invention and innovation towards domains that combine
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generating new demand with a reduction in resources needed and waste produced. This may well
include an important component of feurposing of exsting technologies and processes.

The other major conditiorsine qua norfor an approach like this to be successful is finding and
harnessing the important, loagerm, funding stream needed. Currently, the vast majority of wealth is
invested in, and drawgs profits from, shoriterm financial speculation rather than investment in
production for any market. Taking a proportion of that wealth and investing it for the long term in the
domains mentioned above is a necessity if we want to make the trans#iah k NRa 'y W2 LILJ
SO2y2YéQ 2F GKS 1AYR LINRLI2ASR KSNB® ¢KAa ogAff
visionary elements of the financial world to build a different, stable l®rgn socieeconomic

structure that engenders widespread ttudJntil that has been achieved, the temptation to invest in
shortterm speculative values will persist.
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3 Enabling Knowledge Technologies

3.1 Scientific Evidence 1 Models, Data and Computation
3.1.1 GSS models.

The followingsection providessome first idas regarding possible GSS models characteristics,
components and structures:

Michel Morvan and Eric Boix

The systems targeted by global systems science share common characteristics that make them
GO02YLX SE aeadsSvya¢y

=

They are composed of differeheterogeneougarts.

2. They includénierarchiesthat is that some parts of your systems are themselves composed of
subsystems, that can themselves be composed of subsystems, etc.

3. The different parts of the systems (heterogeneous or not, hierarchical or notrarpled
together, which means that théehavioof one part depends of the situation of the other
part.

4. The different parts of the systems represadiifferent space scaleand/or evolve atdifferent
time scales

This intrinsic complexity makes unreachabl&th K2 LJS (2 aGaz2f @S¢ GKSY | yR
simulation are a fundamental tool to tackle them. Being able to provide ICT tools, and in particular
complex systems modelling and simulation tools, that allow:

i. to describe them as they are, without uncessary simplification;
ii. torun sets of simulation and be able to show meaningful indicators from them;
iii.  and therefore to think the problems in their globality and to test scenarios to identify global
trendsis clearly of great importance.

Steven Bishop

An open modelling platform is needed that will support a variety of users with widely different
analytical and ICT skills, ranging from data scientists to policy makers and ordinary citizens,
empowering them with the ability to define, manage, integrate asyhthesize data models,
computational models, and visualization models, aimed at carrying out simulations andifwhat
explorations of society.

Novel technology is needed that will provide the right abstractions for scientists to define new
models from satch and compose new, more complex models from existing models. The scientists
will be able to link models to other models, to data sources, and to experiments that enablafwhat
analytics and help validate these models. In addition to the structure ofodel (e.g., a set of
mathematical formulae), scientists must be able to define the model interfaces (e.g., parameters of
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the model and their semantics) and rules that specify the assumptions of the model and how it can
be composed.

New techniques are neked to integrate different types of modelsODEs from dynamical systems,
PDEs and agent based modekls well as ways to aggregate results from these models at different
scales. Along the lines of integrated assessment modsefk individual models int@a system
framework which will allow for qualitative analysis and assessment which are most suited to policy
decision making.

3.1.1.1 Agent Based Models
Doyne Farmer

Agentbased models (ABMs) are a natural tool for simulating social systems. In comparison to
econometric models or the DSGE models of mainstream economics, which are formulated in terms of
aggregate quantities, agettased modelling is done at a microscopic level. Adpased models
operate at the level of individuals, who can be householders,isd@t makers at firms, or
government regulators. Age#itased models make use of computer power to represent as many
different agents as are needed. They do not rely on complex mathematical derivations or closed form
solutions. This makes it easy to implemaonlinearbehaviowithout restrictions on the degree of
realism. The use of agebaised models makes it possible to build an economy from the bottom up,
incorporating as much realism as is needed in each of the individual components.

In recent years beavioural economists have made great strides in understanding how real people
behave in economic contexts. Agdmised modelling works hardd-hand with behavioural
economics, incorporating its insights to model the decisiwaking of agents, and using tippwer of

the computer to simulate theibehavioin complex interacting coupled networks, to keep track of
their interactions through their consumption, production, budgets, borrowing, lending, flows of
goods and services, investment, trading, etc.

Perhap the greatest strength of the ABM approach is that it is possible to realistically model
institutions, such as households, firms or banks. One can build in as much realism as is needed.
Indeed a key challenge can be to keep things simple enough to keepntdels tractable and
understandable.

Another great virtue of ABM is the ease with which it is possible to perform regulatory studies.
Regulatory rules are easily incorporated into computer programs, even when they are complex, and
they are easily modiid to test different policy regimes. It is also possible to study counterfactual
situations in order to determine cause and effect relationships. So, for example, in a recent ABM
Y2RSt 2F (GKS K2dzaAy3d YINJSGZ Ad & tkodhe Whkhigtort € G 2
DC housing market if lending policy had remained unchanged during the first decade of the 21st
OSY(ldzNEKéDd 6¢KS FyaAsSN gla GKFEIG G0KS K2dzaAy3a o6 dx
In economics agerbased modelling has so faeen used primarily as a qualitative tool. GSS will take

ABM in economics to the next stage, making much more realistic and quantitatively accurate models.
This should occur in several ways. The limiting factor in any ABM is the realism of the decisian mak
rules of the agents. GSS can improve ABMs by funding work that makes it possible to calibrate better
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decision rules. This can be done in several ways, for example through (1) social experiments, in which
real people are put in situations where they musake decisions and their responses are measured;

(2) gathering micralata about how real people behave; (3) collecting data from game situations that
mimic reaiworld situations; (4) Pushing on ABM researchers to make their models more quantitative.
Oncethis is done ABMs have the potential to become a central decision making tool in economics.

Zofia Lukszo, Igor Nikolic and Gerard P.J. Dijkema;

When investigating global largeeale socidechnical systems it is clear that both the réimhe
performane and longterm evolution are shaped by a myriad of actors, with none of them being in
position to control the whole system. Moreover, the ensuing interactions and interdependencies
entail new, unknown and possibly unacceptable risks, which add an extendion to the system's
complexity.

Rather than focusing on specific system components or subsystems, our efforts should be aimed at
understanding and steering the structure armehavioof the system as a whole. The system
representation should not be céined to technological aspects but should also address the social
dimension, seeking to capture theehavioof different actors in decisiemaking, in competing or in
co-operating and negotiating. The concept of agéased systems, composed of multipléeiracting

actors and physical elements, is a promising modelling approach that can simulate how system
behavioemerges from théehavioof actors at the bottom level.

With the assumption that we can indeed capture thehavioof real actors, AgenBased Mdels

allow us to observe how the technical and social subsystems of-$&a@e systems eevolve, and

which overall systenbehaviomight emerge from their ongoing interactions, at multiple system
levels and time scales. The importance of these simulatisrthat they can also help to answer the
jdzSaadAz2y 2F ¢KIGO | aoSGOUSNE &aeadSYy YAIKEG o6So
appreciation of which is strongly dependent on the perspective of the decision maker. Generally
speaking, in the dato-day operation, improvement is concerned with system performance,
including efficiency and effectiveness. Over a longer time frame, systems also need to be robust and
resilient. They need to be responsive, flexible and adaptable, too. Negative exteewbahanifest
themselves on a variety of spatial and time scales. Ssmimomic effects ripple through intensively
interconnected social systems, financial markets, international supply chains, geopolitics etc. Hence,
we must accept the fact that therer@ no easy, isolated solutions or quick fixes; there is much to be
learned. AgenBased Models contribute to the process of learning and thereby to finding more
complex answers.

AgentBased Modelling is a category of advanced modelling and simulatiosn paoficulary relevant

for crosssectoral and intedisciplinary research on complex global systems exhibiting both technical
and social (multactor) complexity. In AgerBased Modelling, an agent is the software
representation of some entity that comples an action or takes a decision, by which it effectively
interacts with its environment. At the highest level of granularity, an agent may represent a single
decision maker, e.g. a consumer. Beyond this level of granularity, an agent may represent an
organisation, for example an electric utility company deciding to build a new nuclear plant or a
government deciding on new policy and policy instruments. The agent pardigm aligns with the
concept of systems composed of multiple interacting social entitiestaoknical subsystems. The
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system behaviors the overall observable sum of the agents' actions and state changes. It is an
emergent property caused by the interaction of the internal, local and environmental states and the
decision rules.

AgentBased Mod#ing and Simulation is the premier candidate with which to model stesbnical

global systems and explore how structural abéhavioual change enfold ensuing from the
interactions between agents within and between the social and the technical subsystegent

Based Models thus allow us to complete richaate analyses of the possible outcomes of different
parameter settings, e.g. different policies and elucidating system characteristics before creating the
real system. This is particularly advantageeuhen systems are developed over the course of years

of decades, or when the risk associated with incorrect operational decisions are large, e.g. in terms of
loss capital or even lives.

The use of AgerBased Modelling and Simulation has been explorednayy researchers from the
Energy and Industry Section at the Technology, Policy and Management Department of the Delft
University of Technology, the Netherlands. In previous andgyang studies at the TU Delit, the
Agentbased modelling and simulationgtform has evolved so that new simulation models can re
use building blocks from previous studies. An Ag¢egmsed Model allows one to simulate the
operation, dynamics, evolution and growth of a system and therefore help us to understand a
system's compleky.

3.1.1.2 Social Simulatior& computational social science

Ciro Cattuto

The approach to monitoring, measuring, and dealing with collective phenomena in social systems has
been rapidly evolving under the pressure of two main drivers: 1) the end of linearrbpimkought

forth by the maturity of complex system science applied to steahnical systems, and 2) the ability

to monitor and quantify humanbehavious at unprecedented levels of resolution and scale,
unleashed by the planetarycale adoption of the Wdéd Wide Web, mobile communication
technologies, eeommerce systems, and dime social networks. The latter technologies and
platforms, in particular, are just starting to display their full transformative power on society.
Historically speaking, the cume level of interconnectedness of society is a sudden event with no
precedents, and its inception is forcing change in the way organizations think about society and deal
with societal phenomena, both in the public and in the private sectors.

Datadriven @mputational models are increasingly emerging as the new appropriate tools to face the
study of complex social phenomena, whose phenomenology is no longer established only by
controlled experiments on small communities, but with increasing importance tasrdaning larger

and larger collections of digital traces of humlaehavioat the organizational, urban o geographic
scale.

The discourse on hyp@&onnected ICediated social systems, however, has been primarily focused
on the transformative power thathese processes have had or are having on known social processes,
and to a lesser extent on the novel types of social phenomena that may emerge because of the new
connectedness of individuals. Such new connectedness occurs at the spatial scale of entiieso
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and at the temporal scale of seconds. In specific domains, such as finance and marketing, the
emergence of a new phenomenology has been acknowledged already. Marketing had to come to
terms with a new dynamics of popularity that is driven by somiadia, online social networks,
bottom-up generation and amplification of memes, networked customer communities as new actors,
and adversarial information diffusion campaigns.

This is a process that is still unfolding: smartphones and wearable devicdsaaiey down the
digitalphysical barrier, creating simultaneously the ability to digitally track the state, location, and
preferences of a large number of individuals, and at the same time enormously empowering the
capability of those people to be netwked, to be informed in a timely fashion, and to act
accordingly, both at the individual and at the collective scale. The full societal potential of citizens
empowered by smartphones, wearable sensors, augmengadity devices, and all sorts of re@he
participatory platforms is still dawning. Several efforts are starting to recruit these emerging
capabilities to develop new societal functions such as citizen science, participatory surveillance of
diseases, participatory mapping of pollution, games witpuspose, and so on. These efforts are
however largely engineered in a tajpwn fashion, by designing incentives at the microscopic level,
by leveraging mass media, or by deploying them in specific and compelling contexts like an
emergency situation. As ¢hbarrier between the digital and the physical vanishes, the door is open
F2NJ 0KS SYSNHSYyOS 2F @&SG G2 06S aSSy az2o0Aialt LXK
organizations and governments will have to deal with, both in the digital and phypaeés An

early example of this is Anonymous, whose nature detiaviodefy simple interpretations, and
whose actiong; nevertheless; have been shown capable of global outreach. Other examples include
the social uprising mediated by social media that whserved during the recent Egyptian political
crisis. Whereas the exact role of social media such as Twitter has not been fully assessed yet, it is
clear that reaitime connectivity enables crowds and communities with previously unseen capabilities
of coodination and collective action. The most recent example is theasghinized manhunt that
emerged in the popular ofine social network Reddit during the aftermath of the Boston bombings
and resulted in very negative consequences for innocent parties.

The above scenarios call for new insights into emerging social phenomena indypezcted social
systems, that can properly account for complex factors and processes such as information diffusion
driven by the combination of magsedia, word of mouth andagial media, the emergence and role

of influencers, the bursty focusing on collective attention on specific issues, organizations or
individuals. Assessing the degree of controllability or manipulability eéh@bled social systems, for
example, by coondated injection of misinformation by influencers, is also an important fundamental
challenge that needs to be tackled in order to guarantee the safety of citizens and the correct
operation of democratic institutions. Reasoning about these global chalteegls for extensive
data-driven social simulation and has a potentially strong impact on the relevant institutional
stakeholders and the corresponding policy frameworks. This is an effort that encompasses research
areas such as agebtised methods for smal simulation or sociphysics, because it needs to be
strongly datadriven, it needs to provide interpretation keys that are transparent to policy makers,
and it needs to be validated at scale during reakld scenarios unfolding in real time. In sunmpa

the global systems science vision applied to social systems points taldeta investigation that

take the move from computational social science and focus on decision making and risk management
of social phenomena at the global scale.
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3.1.1.3 Formal Languwages

David Pearce

We describe several aspects of Global Systems Science where logic avmhd$egidanguages can
play a key role in the construction, description, comparison and presentation of theories and
reasoning about them.

1. Logicbased policydnguages

{ SOSNI f | aLISO0a08WiNRRe I NWB2 (d KANIF W23 YSNBte Ay
objects of study (though they may well be), but very broadly speaking in the sense that scientific
inquiry is guided by human concerns and soci@lgwant challenges. One further aspect of this is the

idea that policies and policy makers must somehow be integrated within system models, and that the
link to policy and decision makers must be itself a part of the scientific enterprise.

We may think of policy as a principle or rule to guide decisions. It can be seen as either a statement
of intent or a commitment. However, a policy does not usually compel or prohibit actions by itself.
Policies may be specified as procedures or protocols and candpeatiby organisations, groups or
individuals. Since policies are rules they may be expressed in-keyléogical language. Reasoning
with policies involves reasoning about defaults, exceptions, norms and typicality. That is, the type of
reasoning regired is nommonotonic. It is often important to compare two or more policies in a
logical manner, for instance to examine whether one policy is stronger than another, subsumes
another or is equivalent to another, under specified circumstances. These gioalleoncepts and

can be reconstructed and studied with logical methods. Several other logical questions arise
naturally. For example, we may ask whether a set of policy rules is consistent either locally or in a
specific, broader context. Or, given somérmal specification of a policy we may ask whether a set

of formal rules correctly characterises it.

Languages like Answer Set Programming (ASP, see eg Gerbser et al (2012)), and attoerotamic
reasoning systems, are well suited to represent défaudypicalities and exceptions and to deal with
non-determinism. They can also formalize different kinds of abduction and they are already applied
in reconstructing policies, e.g. in the area of security (see eg Bonatti (2011)). They can be combined
with ontology languages and other logics for reconstructing knowledge (databases, KBS etc.). In GSS,
logic languages can play a similar role in expressing and reasoning about policies. In addition to
connecting with traditional knowledge bases, these languagesuld have to link to the
mathematical models used in the GSS applications in question. In principle this should not be a
barrier, however. In the case of ASP, for example, as there are several techniques for interfacing with
external knowledge sources.oi®e of these techniques are implemented and already used for
instance in business applications (see eg
http://www.kr.tuwien.ac.at/research/systems/dlvhex/index.html

Languagesf an ASP kind can therefore integrate policy rules and knowledge sources within a single
computational system. An important feature of this approach to computation is that it is preblem
oriented and modebased (in the sense of logical models): it dike@resents solutions to practical
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problems based on logical models (answer sets) that embody the solution in a direct manner.
Moreover, in typical applications the problems in question may involve diagnosis, explanation,
planning, actions and temporal reaning, in other words many problems of a kind that can be
relevant for policies and decision making in a GSS context. For example it means that actions and
plans can be integral features of the computational system that combines GS knowledge with
policies

2.Logiebased languages for specification and verification

One of challenges for GSS expressed in the GSDP project is the need for efficient and transparent
means for specification and for the effective verification of computational models. -baged
languages such as logic and constraint logic programming and newer variants such as ASP are well
equipped in this respect and are wsllited to deal with specifications and verificational aspects.
Experience suggests that these and other related ehgkts may be addressed by designing domain
specific languages that may be used, for instance, for implementing-eoomomic and agerbased

models. One of the options explored in GSDP is to focus on languages based on dependent type
theory, itself derivel from a logical approach known as constructive type theory (CTT). DSLs may be
valuable not only as a programming environment for implementing mathematical models, but also
for the sciencepolicy interface discussed above. Within what we may broadly balltheory of

action, logicians have studied many kinds of speech acts and developed logical formalisms that may
be highly relevant here. Moreover aspects of social ontology and the structure of institutional
concepts are already being logically reconsteacand implemented in sociallyriented, logiebased
languages. Such hidével languages that deal with institutional and social relations of
empowerment, permission, obligation and trust may provide an ideal, locQeséd approach to DSLs

for the GS$oalicy interface.

3. Logical concepts for modularity

A related issue raised by the GSDP project is how to improve comparability and modularity of models.
Agentbased models have been singled out in particular, however modularity is a key issue in any
large knowledge building enterprise. It forms part of a wider problem of how to formulate and
analyse inteitheoretic relations and it is especially acute in areas that cross different domains where
theories and models are combined from different disciplinBise concepts and tools of intertheory
relations are typically logical ones and they are used in many knowdeclyecomputational areas

such as Answer Set Programming, the construction, matching and merging of ontologies, in
agreement technologies, andosforth. Key logical notions include separability, reduction,
equivalence, modularity, translation, interpretability, synonymy and others. A crucial problem in GSS
is that global challenges may involve multiple, interacting networks some of which usarsimil
concepts but possibly defined, measured or characterised in different ways. This raises logical
guestions about whether translation from one conceptual framework to another is feasible, or
whether data analyzed within one framework can beused withinanother. In general there remain
many open issues about how information can be reliably extracted from multiple interacting
networks, each with its own set of concepts and data types.
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3.1.2 Big Data for GSS

The Role of Big data and High Performance Computing inGllebal System Science Program

Christopher L. BarrettRalph DumpPevdatt Dubhashi, Madhav V. Marathe
1 Introduction

Ly G2RI&Qa ehaviNdr,Batial Ketlmgrksyandcivil infrastructures are closely intertwined.
Coupled social, technical, informational and organizational systems or STIOs do nedlstandlhey
consist of many interacting physical, technological, and human or societapanents and are
spatially distributed, managed by different federal, state, or commercial entities and operate at
multiple time scales. Examples of such systems include regional transportation systems, regional
electric power markets and grids, the Intet, adhoc telecommunication, communication and
computing systems, content delivery networks, social networks, search networks and public health
services. What all of these systems have in common is that they are networked individual agents or
componentsinteract only with a specified set of components. The links in such networks can be
physically real or a matter of convention such as those imposed by law or social norms, depending on
the specific system being represented. Thus coupled STIO networkstcohsine or more social
networks interacting with underlying technological and physical networks.

Our focus here is on global system science, defined provisionally (cite) as fdBbsl Systems
Science develops knevow about global systems like tiheternet, the worldwide system of cities and
many more by combining algorithmic machines with concepts from game theory and a sensitivity to
narratives.

In other words, global systems can be viewed naturallglabatscale coupled STIO networks is

important to note that global systems as defined not only have a global footprint, but also comprise
2F Ydzf GALX S aeadsSvya OGKFG aLlky GKS az20Alfzx LI2fA
Internet and interconnected cities constitute excelleexamples of global systems. In addition,
systems built on top of these systems constitute examples of global systems as well. We will give two
important examples that illustrate the key aspects. The first is system of systems that includes a
global multtmodal transport network that connects cities and comprising of airline networks, road
networks, waterways, a logistical system built on top of the transport network and aids the flow of
individuals, goods and information and business networks that buildop of these networks and

support trade and commerce between individuals, organizations and countries.
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A second example is hierarchy of networks built on top of the Internet that really comprises of the
routers and cables that are connected togethemtove digital information across the globe. Content
management and distribution networks such as the one built by Akamai ride on the top of the basic
Internet and allow efficient, mirroring, caching and distribution of content. On top of this, we have
the World wide web that comprises of billions or even trillions of wegges that are linked together

using hyperlinks. Services such as Google, Bing, etc, provide services over the WWW. We then have
networks such as Facebook, Myspace, Twitter, Foursquare mkédin that provide services to
support online social networks. We also have informatic platforms such as Ebay, Amazon etc. that
have built various forms of commerce over the lower layers. Finally, we have systems such as
Amazon Turks etc, that provide lore labour markets. The two examples amply illustrate the key
components of GSS: global reach and system of systems.

The system of systems are not necessarily hierarchical, but are connected in complex ways
themselves.

In this white paper, we focus omé role ofBig Dataand High Performance Computing developing

the science and engineering of global systems. We will primarily focus on a synergistic view in which
the need for developing the scientific and engineering principles of global systemsnfwgasawv
challenges for Big Data and HPC. Conversely, the availability of Big data and HPC fundamentally
change the form and shape of scientific investigations pertaining to the study of global systems. This
close interplay between the three topics is thearpary focus of the white paper. It is important to

note that BigData and HPC are enabling and transformative technologies; furthermore they are
evolving and are shaped by new and emerging applications in various spheres of life.

2 BigData

Michael Jordgfgr &Gl NIla KAa LINBAARSY(GAlFf FRRNBaa G2 GKS
A3 5141 Aa dzZli2y BiglZasA®evhlyfion dhit Svill tEnsfoSngthe avay avé live,
work and think MayergSconberger and Cukier write:

The benefis to society will be myriad as big data becomes part of the solution to pressing global
problemslike addressing climate change, eradicating disease and fostering good governance and
economicdevelopment.

{SS Ifaz2 aOWBiydaiaSTharext iNBrifd® Ndovation, competition, and productivity

Large data problems now come from many disciplines. Examples are NEON (National Ecological
Observatory Network), a project of the National Science Foundation, and GBIF (Global Biodiversity
Information Fadity), an international effort to digitize all information about all living species
(estimated number: between 2 and 10 million).

The intelligence community has been dealing with big data questions for some time; the Department
of Homeland Security trie® do so. The financial sector grapples with huge amounts of data. Just
about every U.S. federal agency that funds science currently supports at least one major national
initiative on data. Announcing a $ 200 million R&D initiative in big data in Marth, 2B8e White
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combination of the following aspects:

Volume The size of data being generated from various sources is today estimated in
thousands of exabytes [6]

Velocity: Much of this data is generated dynamically and often needs to be processed in real
time.

Heterogeneity:Data is of different typestext, audio, video etc.
Unstructured:It is unstructured unlike traditional relational databases.

Complexity:Data is com@x and multidimensional.
Store QuerySearch: 2 4 R2 &2dz aG2NB3 [jdzSNEZ | yR &SI NOK
%]

Security Privacyl 24 OFy @&2dz 0NMzAa (G GKS RFGF @&2dz KI
media data is an examptecan Twitter and Faceboalata be considered accurate?

AnalyticsYou would like to make inferences and hypotheses from large amounts of data. How
do you do that?

Big data technologiesTechnologies associated with big data can be classified iZ&tofage

and computing technlogies, (i) data management technologiej)(data and visual analytics,
and (v) data representation methods. The emerging and popular technologies for each of the
components is discussed in the Appendix.

3 High Performance Computing

Computing technlogies are undergoing a rapid change to support the emergence of Big Data and
the continual need to develop realistic complex models, business applications in physical, social and
economics domains, e.g. oil exploration, algorithmic trading, online sougalia, etc. Petacale
systems have already established a foothold. In the US National laboratories and select NSF funded
HPC centers e.g. NCSA have already acquired and tested computing systems psaatimed
peta-scaleperformance. The next big goalExascale computindlue prints and road maps for this

have already been prepared. Exascale computing provides three orders of magnitude performance
improvement over petsscale systems. It is widely expected that technological, physical
considerationwwill lead to Exascale systems that are likely to quite different than-petde systems.

First, each node will have between a thousand and million cores. An important concept being

6 http://www.siam.org/news/news.php?id=2059

69



investigated is that of cdesign. Finally, probabilistic and fault tolatacomputing paradigms will
become an essential featuresee [9] for a detailed discussion on this topic.

At the other end of the spectrum are clouds, grids and other loeselipled computing and data
management architectures. A new emerging trend i®bite cloud, cloudike environments
composed of millions of mobile computing and communication devices such aphoaks.
Companies such as Apple, Google and Amazon provide services now that allow user a pervasive
access to data and services using seichironments.

A third emerging trend are embedded sensors. They exists in cars, cell phones and virtually all of the
appliances and gadgets. These sensors are becoming smarter and many of them are hooked to the
web via a radio device. They also posse3slaA NJ | Y2dzyd 2F O2YLlziAy3d LRg
phones are much more than a phone but sensing and a computing device.

3.1 Putting this together

2 KSy @&2dz GF1S it 2F GKS&AS GUNByYyRa (23SOUKSNE 2y
computing vision is turning into a reality. Pervasive computing that allows anytime, anywhere and
anydevice computing and communication.

These advances imply that we as humans are creatsagiallyembedded cyber physical computing,
communication and irdrmation systent this is a network of smart devices embedded in the society
and in the physical world.

This has two highly important ramifications:

1. First, humans are an integral part of the global computing and information processing
network; not only hey consume the services but are in fact computing themselves and
providing the computed results to other humans. In other words, we are moving towards a
natural and artificial computing and information ecology. Crowdsourcing is an example of this
phenomeron.

2. Second, Big Data is now an integral part of this vision and in fact we think a better tBrgn is
Information or Big Knowledge These pervasive sociaynbedded systems will produce
enormous amounts of data and information, that will be constantlycessed refined and
analyzed. This trend towards social sensing and computing will lead to an exponential growth
in the amount of data that is created and will need to be processed.

3.2 The Role of HPC and Bigita in Supporting GSS and Policy Making
Pont 1: Scaling and effective Utilization of Supercomputing resourc8saling to large machines

and large instances so as to complete the computations in a reasonable amount of time is necessary
and now feasible.
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Supercomputing resources will be criticalr fmodeling global scale systems at detailed spatial,
temporal and individual level. A simple back of the envelope calculation suggests that an individual
based representation of such global scale networks will to ha®@ agents, with1011 edges.
Structuial analysis of these networks as well as dynamics over such networks motivates the use of
current and emerging Supercompuing resources. Developing models that can effectively use
Supercomputing platforms is challenging. The networks are highly irregylzaindc and ceevolving.

The emerging petacale and the future exascale computing platforms will have Million - 100
Million+ cores. See [9, 11] for further details.

As an example of recent progress, we just completed a paper to Supercomputing the &irahe

first time how social simulations (we did this for epidemics in the paper) can be mapped onto
machines with oveB0O, 000cores. This is the largest open machine in the US at NCSA. We can now
run a single run of epidemic simulation (200 days)diatire US in about 5 minutes. The network has

300 million nodes and5 Billion+ edges. Scaling such as this will become critical as we move to
developing detailed models for GSS. The scaling we are getting to process structural properties (not
dynamics)s even better. Our goal is to have models that scale to 10 Billion node networks in about
three years. This will get us ready for addressing the important questions raised in the GSS program
and support reatime policy making.

Point 2: HP&nabled methals for immersive user interactionSocial, behavioural and economic
scientists have traditionally not used HPC resources to solve the computational problems arising in
their domain. We thus need effective ways for them to use and interact these modetsutwith
becoming computing experts.

The overwhelming use of HPC resources thus far has been to study physical problems. Social,
behavioural, economic (SBE) sciences have traditionally not used HPC resources in this work. Use of
HPC resources by SBE sciestitius requires development of easy to use visual interactive
technologies. Several groups have begun to develop such technologies. There are several issues
pertaining to this: (i) system response, (ii) simplicity of the Ul, (iii) ability to navigateawemsints of

data and information in a meaningful way. The work falls under a broad emerging area\Waked
Science It combines traditional areas of data and visual analytics with distributed computing
systems. As an example, In a recent article Dean ando& [10] have persuasively argued that
Software techniques that tolerate latency variability are vital to building responsive-tai@e Web
services In [22] the authors argue that systems that respond to user actions quickly (within 100ms)
feel morefluid and natural to users than those that take longer. This is only aspect of building such
systems.

Point 3: HP&nabled methods for data analyticsThe kinds of models that we would like to develop

for the GSS should be driven by a combination of dathappropriate theories. Data here is meant to
refer to classical use of data but also procedural information in the form of laws, behaviours and
policies, as well as networked relationships that capture interactions, causality and dependencies.
HPC methds are therefore needed to process these data sets to prepare them for ingestion by
dynamic models. The resulting data all of which is really a part of the synthetic information should
also be processed to identify important patterns, trends, anomalies, et
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HPC hardware and methods for this are often quite different than the traditional clusters used to run
large models. A recent trend is the concept of data intensive supercomputing. The new model of
computation differs from traditional models of compngj in that producing, analyzing, processing

and curating data are integral parts of the computation. Big Data is a related concept and focuses on
related concepts, including analytics and reasoning. We have recently proposed the concept of
EYySig2N0208FiiMyA@¢ GKIG SEGSYRa (GKSaS ARSIH&A® Li
intensive approaches and also highlights the role of networked dataetimork intensive computing

HPC resources are used to compute about and over networks; moreover theutation requires
significant amount of data to synthesize the networks as well as significant computing to process
these networks. See [21, 1, 4].

Point 4. Massively Distributed Data collection and Computi@yowdsourcing, pervasive availability

of devces and sensor systems all point to the need for a different notion of HPC. In this view we are
talking about highly distributed, fault tolerant, spatially distributed, bursty data and computation. To
support citizen politics and decision making as wellrea-time data gathering, this form of
computing will become all the more important in the coming years.

Crowdsourcing of computation can occur at various legétem simple collection and dissemination

of information and data to active computation which humans are a part of a distributed computing
process; see See [13, 14, 15] for additional information. Crowdsourcing has played an important role
in policy making and citizen science already. The role of social media and-soovegd methods

was ewdent most notably during the recent social revolutions in the middle east under the rubric of
Arab Spring. Some (nexhaustive) examples include:

1. Citizen science projects e.g. the ornithology
http://www?2.dnr.cornell.edu/citizenscience/dickinson/Citizen _Science.htamd astrophysics
projects,http://www.galaxyzoo.org/and Foldithttp://fold.it /portal/ ;

2. Public participation in planning and civics: cresalircing grassroots antiorruption drives
e.g.http://www.ipaidabribe.com/, Brabham [21], Aitamurto et al. [18, 17];

3. Online labour markets e.g. Amazon Turks.

Crowdsourcing and technologies support can play an integral role in the overall GSS progriam: (
they canprovide an important source of near retne information, (i) they can be involved in active
computation process and iiij the technologies can be very useful in framing anseasment of
policies. Developing such technologies is an ongoing research direction. The continual progress in
sociallyembedded cyber physical computing, communicating and information systems (SECPCI) will
present new challenges and opportunities. We disine of the important topical areas below:

1. Distributed and Redime Decision Making

1. Reailtime data driven decision makin@he availability of data at very fine scales (temporal,
spatial, social) is prompting individuals, groups and organizationsletelop reatime
decision making abilities. This includes, rapid changes in how resources are brought to bear
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on a problem, interventions that are analyzed and enacted to reduce the severity of the
problem, etc. Of course the time scales at which paligking has been done in the past is
quite different. But one already seemsmgpses of this. Examples inclugesponse to market
crashes, pandemics, natural disasters, etc. Of course this creates a tension between the
expectation of the public at large anousinesses, governments and institutions. Decision
making in such setting is always done with incomplete information and the system is co
evolving with the decisions. Thus appropriateness of decisions will be questioned; e.g. was the
response to HIN1 pamdnic too slow or too fast, was the response too aggressive, was the
response to the volcanic eruption over Finland too slow, etc. Global System science will need
to address how to make faster decisions, how to analyze the massive amounts of data and
studythe possible counter factual and how to convey these decisions to the public.
Empowering citizens to be decision makefn important outcome of SECPCI is that
individuals, small communities and organizations can participate in the entire decision making
process in a manner that was not possible earlier. This changes the dynamics of global
systems which were traditionally managed by centralized and hierarchical authorities. GSS will
need to address and develop protocols and information sharing schemegetororked
decision making. This includes methods for allowing individuals to convey their preferences,
thoughts, votes and ideas to traditional decision makers. It also includes the need for methods
to make information related to the event available todimidual decision makers; creating
online tools for them to effectively interact with other individuals.

2. Exascalenabled global systems modeling

1. Supporting reatime and distributed decision making will require the development of

innovative computatnal techniques to simulate global system of systems. Dynamical
processes over networks that represent such systems of systems are hard to simulate. The
networks are irregular, timearying and extremely large. Moreover, the dynamical processes
are such tlat renormalization techniques do not seem to be possible to obtain dimensionality
reduction. As a result explicit interactidrased simulations over networks with07 11

nodes andl09 14edges remains a challenge.

Another challenge pertains to developing interactive simulatigossnulations that can ingest
incoming data and also provide the analyst an opportunity to try out new decisions based on
the information available from the model as well as the real world. Interactivity implies that
simulations such as these should be able to start and stop.

. Sensitivity analysis and Uncertainty quantification over these inherently stochastic systems

presents another chaltege for HPC and Big Data. It requires new research in adaptive and
sequential designs and ability to manage multiple replicates effectively over large computing
systems.

(References in Section 8)
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4 Appendix

4.1 Global Contagions Over-€mlving Netwdks: A Genuine GSS Challenge

Contagionis used here broadly to mean transmitted phenomena such as diseases, opinions, fads,
trends, norms, packet diffusion, worm propagation in computer networks, database replication in
sensor networks, spread of social wements, and influence among peers to purchase music videos
or go to movies [28, 34, 31, 30, 39, 34, 29, 26]. The spread of contagions across a national population
is a well known complex problem, and includé$:pandemics, such as HIN1 and swine infagen
outbreaks in recent years, in which the spread of the flu virus is often modelled by stochastic
processes, such as the SIR process [36, 35(ii33phread of information on online social media, such

as Twitter and Facebook [37], which are often maelklby stochastic and threshold based models
[41], and (iii) the 2003 blackout in Northeastern U.S., and the cascading effects on traffic,
communication, and other infrastructures that cost $6 billion [32]. A key observation from numerous
studies shows thathe underlying network structure has a significant impact on the dynamics [38,
42], and as in the case of the 2003 blackout, this could span multiple networks [27].

1. Often the size and scale of these systems is extremely large (e.g., pandemic planaing at
global scale requires models with 6 billion agents). Further, the networks are highly
unstructured and the computations involve complicated dependencies, leading to high
communication cost and making standard techniques of load balancing and synchimmizat
ineffective.

2. Individuals are not identicalg this implies that models of individual behavioural
representation cannot be identicaBehaviodepends on individual demographic attributes
and the interactions with neighbours [28, 40].

3. The contagion, thaunderlying interaction network (consisting of both human and technical
elements), the public policies and the individual agent behavioursvadve making it nearly
impossible to apply standard model reduction techniques that are successfully used o stud
physical systems. For instance, in the case of epidemics, as the disease spreads, people cut
down their interactions, thereby sparsifying the network, which in turns slows the disease
dynamics.

4. Finally, in many cases as we discuss below, we are faitednwedeling multiple networks
that are coupled, with possibly multiple contagions evolving in each network.

Policy making for these large complex systems involves very large cdaoteal experiments.
Moreover, the time to solution is important as WelThis makes the problems challenging from a
computational perspective. From a policy perspective, global scale contagion processes pose very
interesting challenges. Two important examples) éllocating/sharing scarce pharmaceutical
resource among couries to control the pandemic, social distancing measures such as reduced
travel, and overuse of antibiotics and resurgence of certain diseases such as TB in a number of
developing nations;iij cyberattacks, cyber espionage and

more broadly use of the Ietnet to promote, control and manipulate individuals and resources in
another country.

4.2. Big data Technologies
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1. Storage and computing technologies:

A NoSQL database provides a mechanism for storage and retrieval of data that use looser
consistency mdels than traditional relational databases in order to achieve horizontal scaling

and higher availability. NoSQL database systems are often highly optimized for retrieval and
appending operations and often offer little functionality beyond record storagg.(keyvalue

stores). The reduced rutime flexibility compared to full SQL systems is compensated by marked
gains in scalability and performance for certain data models.There are a large number of such
technologies today, for example Apache Cassandra, &5 | YR D223t SQa . A3c¢t &

Cloud ComputingThe ubiquitous availability of higtapacity networks, lovcost computers and
storage devices as well as the widespread adoption of hardware virtualization, seriaoéed
architecture, autonomic, and utilitycomputing have led to a tremendous growth in cloud
computing. There is increasing momentum to shift to an approach that takesaimgputation to

the dataNJ 0 KSNJ G KIFI'y (GKS NBOSNES® ! YIT2yQa 9/ H Aa
increasing opewloud initiatives.

Domain Specific Languag@sother approach to scaling up methods to big data using the power

2T Y2RSNYy KSGOSNR3ISYyS2dza O2YLJziSNI I NOKAGSOI dz
Parallelism laboratory through domairspecific language (DSLs). The idea is to use a layered
system based on DSLs, a common parallel compiler and runtime infrastructure, and an underlying
architecture that provides efficient mechanisms for communication, synchronization, and
performance monitoring.

Google las introduced a scalable infrastructure, named Pregel, to mine a wide range of graphs. In
Pregel, programs are expressed as a sequence of iterations. In each iteration, a vertex can,
independently of other vertices, receive messages sent to it in the queviteration, send
YSaal3Sa (G2 20KSNJ OSNIAOSas Y2RAFeEe Ala 26y |y
topology.

GraphLab is a graphbased, high performance, distributed computation framework written in

C++. While GraphLab was originaleveloped for Machine Learning tasks, it has found great
success at a broad range of other daténing tasks. It has an optimized C++ execution engine

that leverages extensive muitireading and asynchronous 10, allows access to r data directly
from HDIS and has a suit of powerful Machine Learning toolkits.

Apache Mahoutis an Apache project to produce free implementations of distributed or
otherwise scalable machine learning algorithms on the Hadoop platform.

2. Data Management technologies.

An active area of research is to develop highly scalable frameworks that can exploit modern

" http://ppl.stanford.edu/main/index.html
8 graphlab.org
® mahout.apache.org
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parallel, distributed and heterogeneous computing architectures [1] Apache Hadoop is an open
source software framework that supports datatensive distributed applicationdicensed under

the Apache v2 license. It supports the running of applications on large clusters of commodity
KFEFNRgFNBd | | R22L] MapRstiuSewiens tha apiicatod is dvialad into many
small fragments of work, each of which may be executede-executed on any node in the
cluster. In addition, it provides a distributed file system that stores data on the compute nodes,
providing very high aggregate bandwidth across the cluster.

Hadoop Yarn and Stornit. has been widely recognized that MRApduce by itself, isnt sufficient

for a very wide variety of useases. YARN, is the next generating Hadoop framework for generic
resourcemanagement and distributed applications. Similar to how Hadoop provides a set of
general primitives for doing batchrgcessing, Storm provides a set of general primitives for
stream/micrabatch processing. Storm is being integrated into Hadoop YARN for resource
management. Storaon-YARN enables Storm applications to utilize the computational resources
on tens of thousansl of Hadoop computation nodes.

Big Data Analytics

Machine Learning and Algorithmic Statistidshere have been striking development of new
techniques in response to the challenges associated with datasets of massive size and
dimensionality, including $&éngs where the dimensionality of the data is growing faster than the
number of data points, the gwalledp >> nproblem.These developments have occurred at the
intersection of traditionally three different fields: algorithms, probability and statistesl
optimization [2]. Sophisticated new probabilistic models are now developed in the framework of
probabilistic graphical models] and the resulting inference and learning problems are now
solvable on a large scale due to new methodscfamvex optimizéion [3]. Algorithmic techniques
include sketching, random projections and hashing, l@cpge online learning, and parallel
learning.

Visual AnalyticMassive and complex multidimensional data necessitates new approaches to
visualization and representian of data that allow users to understand the data, the analyses of
the data, and the potential new information models. A further challenge is to represent streaming
data and temporal changes to streaming data where no records are or can be kept.

Data Rpresentations

Synthetic populationare artificially created populations that are tailored for particular purposes

of study and spatigtemporal context, which are statistically accurate representations of the real
population. Approaches based on syntizepopulation resources coupled with very large scale
agent based simulations on high performance computing systems have been a very successful
tool in addressing sociatljgoupled systems in transport, public health and city planning. An
advantage of syntktic populations is that they ensure anonymity and privacy while yielding
similar aggregate answers, and that they are a means of aggregating information from disparate
sources such as census studies,@@atial maps, social network data etc.



Bordeiless datadriven decision making

Leo Camiciotti and Ciro Cattuto

The world is experiencing an unprecedented and accelerating -egoiwomical connectedness
driven by technological and political changes. As a consequence, the unavoidable challenge of this
era is to discover, to manage and to exploit complexity in order to advance knowledge, to enable
informed decision and policy making and to foster a sustainable global growth. Taking up this
challenge demands a shared research vision and polaking effot, that defines the core scope of
abpt2o0lt {2aidSvya {OASyOS¢ o

Complex systems are by definition global. Single components, decisions, actions and behaviours are
tightly intertwined worldwide and therefore they cross borders between disciplines, sectors and
policies. A global awareness is mandatory in order to prevent risks, to avoid unintended effects and
to exploit emergent opportunities. This can be achieved by fostering -dligsgpline research and by
promoting collaborations among apparently uncorreldtgectors.

Il 02NRSNI Saa FLILINERIOK gAtft Fit2¢ SOSNIIAYyI GF
being created every day by digital traces produced by humans and machines in every field of activity.
As a consequence, fragments of potential Wedge are scattered in the digital data landscape: a

core technical and scientific challenge is to process these pieces of information, interlink them, and
create meaningful information mosaics by mastering digital input from sensors, infrastructures and
traces of human actions.

In order to achieve this vision a new category of data researchers and practitioners is strongly
needed: the data scientists. The Data scientist ideally must be able to master both the knowledge on
data (statistics, data mining, achine learning, modeling), the techniques to process data (scalable
computational infrastructures, programming languages and frameworks, APIs, a host of vertical data
analysis tools) and the languages to communicate data (visualization, narrativesptdbei can
support the development of a full pipeline from data to evidef@sed and modebased global
decisions.

The Data Scientists, able to mix an empirical, theoretical and aotiented approach will need a
dedicated education, positioned in thelue-adding zone that links universities, scientific institutions,

public organizations, startups and corporations. By acquiring new skills, through traditional and
2yt AYS O2dz2NBESasx FyR o6& (GFO1ftAy3 NBIFf KIS Gd &SN
O2yySOiGA2ye 0S06SSy (y2s6f SRIS -etogoRmical growth @idio O LJ
support the creation of sustainable development paradigms and the deployment of smart data
driven processes.

aDft 20l t {eaidsSvya { OAsadgnshiftditoyfealilydzNy (KA a &2dz3aKi
A borderless and datdriven approach will establish the added value link between knowledge and

impact, enabling scientific discoveries to support meaningful policy making and to produce tangible
effect at global social level
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Big data challenges and opportunities in the energy sector

Chris B. Davis and Gerard P.J. Dijkema;

The energy sector is rapidly changing as new technologies are being deployed which are starting to
have fundamental impacts on the nature of energy gypand demand. Many of these new
technologies aim to make the grid more intelligent, responsive and adaptive. Indeed, producer and
consumer devices are already capable of reporting varied data on their status and operation. At the
same time, there is a gat desire to change our the structure and content of our energy systems in
response to concerns over sustainability. Doing this well requires data beyond status and operation.
We need data on finance, technology characteristics, investment costs, matketsyeather,
regulation etc. in order to understand the interplay of technology, policy, market forces, and
consumer behaviour. We need data on the operation and the evolution of these systems.

We want to be able to manage these systems, but what wareeaging is becoming more complex.

In order to understand the directions in which these systems are evolving, we not only need to amass
more diverse and complete sets of data, we also need to improve what we already have and can
mine, in other words the wgs in which we collect, manage, curate and interpret the data about
these systems.

With respect to the operation of energy systems, as energy companies deploy more smart meters,
significantly more data is being generated about ##ale consumer demand, wbh can be used to
improve models of future demand patterns and inform ways to change consbeteviothrough
dynamic pricing or even shifting operation of eneigiensive appliances to reduce demand during
peak times. Similar opportunities for demand n@gement are arising with electric vehicles and their
ability to function as both a source and a sink in the power grid.

At the same time, we are seeing new opportunities for data collection arising frorrtradiional

areas and bottorrup initiatives tha would not have been economically feasible a decade ago.
Smartphones have become ubiquitous and essentially function as mobile data recording platforms.
Currently, phones with barometric pressure sensors are being used to crowdsource data which can
increase the accuracy of local weather forecasts. Noise mapping of cities is occurring by combining
microphone readings with GPS coordinates. Augmented reality apps are allowing for people to
visualize the sources of CO2 from the facilities in their immediaiaityi. For several euros, people

can buy an attachment that turns their iPhone into a spectroscope to measure the amount of
particulate matter pollution.

This is not just limited to smartphones, and as the costs of sensors and microprocessors such as the
Arduino and Raspberry Pi has plummeted, we are seeing the rise of the Internet of Things. For under
a hundred euros, people are deploying interf@mnnected pollution sensors. Despite having cheap
uncalibrated sensors, given enough of these devices lliged in an area, data scientists are able to

use sophisticated techniques to extract usable signals from the noise.

With respect to the development if not evolution of our energy infrastructure, we need to know what

is out there, and how the operation fefcts decisions on new energy technology and investment in
new systems. In this realm, we are seeing increasing availability of Open Data published by
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governments, which is being coupled to initiatives such as Linked Open Data which aims to connect
these dita sets together through the use of Semantic Web standards. Through this, new
opportunities are being opened up as people can freehuse this data and connect different
datasets in innovative ways to gain new insights, e.g. on the carbon intensityooinéry's electricity
generators. These developments are laying the foundation for us to get a more complete and
comprehensive view of energy systems whose properties are documented in distributed databases,
each published by different agencies.

A fundanental challenge behind these developments is that data is not a single thing and comes in
many different forms, each of which leads to different challenges. Part of challenge can lie with the
sheer volume of it, as in the case of Big Data. Here the dafssisch a size that it can no longer fit on

a single computer and sophisticated techniques need to be employed to efficiently search for
meaningful patterns in it. It can be difficult to create appropriate models that can reproduce and
explain the underlyng phenomena observed. Another issue is that data is available in a range of
formats from relational databases to raw text on websites or in reports. Each of these formats
requires different processing techniques which further depend on the type of issigtat are
desired to be gained. A further challenge relates to enabling interoperability of different data sets.
Data sets differ in terms of the scales, resolution, and accuracy of the data collected. In order to join
data from different sources, the asmptions and methods employed in the data collection process
need to be understood, with appropriate translations and interpolations performed to ensure a
consistent interpretation. Finally, this is not just about having more data, but about understanding
the context and interdependencies between the different actors, techgiels, and policies in the
energysystem, and how this gets reflected in the different slices of data that are available.

D{{Y LT AG0Q& a20AlLf> Al ySSRa G2 06S GKSNX FTNRY

Merijn Terheggen
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search functionality is a great example of collecting the dataset first (web crawling) and analyzing it
later (building an index and m&ing using PageRank). This works well for many projects. However, the
growth of globally distributed user driven networks, like the enormous adoption of social networks

like Twitter and Facebook, have shown a pGstogle era development in which the netio
propagation and analysis that provides réiate user relevance feedback is critical to the emergence

of successful user driven (social) networks.

This means that data has to be analyzed as it comes (at Facebook, tens of millions of interactions per
second) in and the results of the analysis be routed back to the user, that in turn will interact with it
FAFAYyd LGQE Of SFNJ 0KIFGd GKAAa NBIldzZANBa  22Ayd S
big data software engineering, in creatingkble and reatime data analysis to be part of the core
application. This is one of the most challengingdaga problems. It also typically requires-design

where datamodel design and user interaction (UX) design go hand in hand. DJ Ratijeékata

Scientist at LinkedIn and one of the leading big data experts in the world evangelizes the notion that
user interaction design is a key component of most big data because it drives what data comes in and
can be by far the biggest multiplier in effeshen people are effectively mobilized to interact and
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After the initial growth of the firstsocial networks (Friendster, MySpace, etc) took place, user
engagement focused social algorithms have made an enormous difference in adoption of social
networks by users, making the winners succeed because of the use of scalable algorithms. At Twitter,
thAia o6l & I OKASOSR o0& O2yliAydz2dzate aK2gAy3a ¢ogAdi!
tweets might be relevant (at regime) to the user based on the information that the user is currently
viewing. At Facebook, it was achieved by creatinglecien from all available events that shows the

user only the most important items based on his/hers specific social network connections and
interactions. This means analyzing at rBale what discussions are currently developing and
growing inthe usel®@ 2 gy Sa&w@ NJ &8 | yR FSSRAyYy3 GKIG ol O @
interaction patterns with these discussions.

Big data analysis in these types of situations needs to betirmaland continuous, versus the more
traditional batchlike postprocesang approaches used in colldfitst analyzelater. The added
complexity comes from the fact that an application that implements this strategy needs to be
designed from the ground up to have the analysis and feedbamk be an integral part of the
functionality delivered by the application. The collective knowledge of the world is rapidly becoming
more complex (enormous amount ofexisting perspectives on global issues like climate change that

can not easily be reduced into a single model like the traci#iosciences) and for a large part
develops in online and asynchronous discussions. Harvesting the knowledge of the crowd using social
interaction and social network mechanisms requires applications and frameworks to include
massively scalable data anal/somponents from the beginning instead of as a post processing step
FFGSNI GKS FFO0d LT GKSNBQA lyedKAy3d OGKFG ¢gAGi
power of complementary user driven data development combined with scalable analysighaito
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hybrid structure combining both the interaction driven user data and the -tiea¢ analysis
capabilities in a feedback loop.

Use of Topology tddentify Global Properties in Data

Mario Rasetti

General, far reaching methods have been recently developed that allow us to exflatoal
topological information from spaces of data of arbitrary complexity, based on three basic steps:

i) The constration of a space of data from the collection of 'points' associated with data themselves.
Approximation of such space with a family of simplicial complexes parametrized by some 'proximity
parameter' turns the data set into a global topological object (spathe choice of the parameter

can be metric independent. ii) The use of topological invariants (homology groups) and their
persistence under parameter variation to distinguish noise from signal. iii) Encoding of the data set
persistent homology in the fon of a set of topological invariants: Betti numbers.
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These three steps provide an exhaustive knowledge of the global features of the space of data, even
though such a space is neither a metric space nor a vector space. Homology is a powerful
mathematicalkool that ‘'measuresthe shape of an object (manifold), encoded in the number and the
type of holes or other invariants in the manifold: it allows us to devise new methods for data mining
and the extraction of significant patterns hidden in large amowfitdata.

It is suggestive that the relevant methods adopted in this approach are denoted in mathematics as
‘global', in that they indeed refer to properties of the mathematical structure at hand that are shared
by global systems: complex, combinatoriabixtremely rich, but¢ above all ¢ universal (i.e.,
independent on the system details, such as metric) and not local (namely depending on the features
of the system at large, not only the local ones) and representative of ensembles of very large class of
phenomena (be they natural, societal, technological or other, or a mixture of all of these).

The conventional way to convert a collection of points within a space into a global object is to use the
point cloud as the vertex set of a combinatorial gra@hwhose edges are exclusively determined by
the given notion of proximity. This is what is typically done in complex network theory. In case such
dependence had to do with distance, such distance may be (in fact, should be}raeton notion

(for example chemical distance, ontological distance, affinity). A graph of this sort, while capturing
pretty well connectivity data, essentially ignores however a wealth of higher order features beyond
clustering. Such features are instead accurately discerned bkitigirof the graph as the-dkeleton
(scaffold) of a different, highetimensional, richer (more complex) discrete object, obtained by
completing G. a simplicial complexK K is a piecewisdinear space built from simple linear
constituents (simplices) idgified combinatorially along their faces.

Algebraic topology provides a mature set of tools dealing with objects sudk & example,
counting and collating holes and other topological pattern features, both spaces and maps between
spaces. It is theffere able to reveal, based on the simplicial complex approximation of the space of
data, patterns and structures not easily identifiable otherwise. As persistent homology is generated
recursively, corresponding to an increasing sequence of values of txépty parameter complexes
grow, naturally identifying the chain maps with a sequence of successive inclusions. Persistent
homology, image of the homomorphism thus induced, encodes just that precious topological
information that provides summaries, enatdi us to better understand relationships among the
geometric objects constructed from data (and extracting from them information). The emerging
geometric/topological relationships involve continuous maps between different objects, and
therefore become maiféstations of functoriality, i.e, imply the notion that invariants can be
extended not just to the objects studied, but also to the maps between such objects. Functoriality is
central in algebraic topology because the functoriality of homological invarisnivhat permits one

to compute them from local information.

Patterns are derived knowing the set of transformations of data space into itself that preserve its
topology via correlations. They are the 'picklotik'open the casket of the future. Data,deed, as
photographs, the moment they are acquired consign their object to the past, whereas characteristic
patterns of the system data dynamics allows us to make predictions about the future, without
violating the unavoidable restriction (a sort of mixtuof the second law of thermodynamics with the
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principle of relativity) that prediction can only be based on the process's past, not on any outside
source of information. Patterns represented in this way are: robust, because they are derived from
persistert homology and hence free, to any desired accuracy, of irrelevant noisy components; global,
as they describe deep lying correlations dictated by the -lomal features of the data space
topology; optimal, based as they are on the inherent variational plas of the theory; flexible, due

to the freedom inherited from their underlying language theoretic structure. This is why they provide
strategic directions as how to search the data space. Preliminary results in the area of analysis of MRI
brain imagingand immune system antibody concentration are extremely promising: the techniques
can be easily applied to other fields, such as social networks or financial data.

Queries and Microbloqgging for financial data

Guido Caldarelli, Stefano Battiston an d Antoine Mandel

State of art Every day millions of users search for financial information and make financial
transactions on the web via general and specialized search engines and financial portals. These users
provide implicit and explicit feedback byicking onto specific pages and by performing specific
actions. Twitter and Querpgs have been extensively analyzed in the area of Web usage mining with
the goal to characterize users and to derive valuable information on their preferences, This dsalysis
of critical importance for performing many of the applications of search engines, including ranking,
personalization, popular queries and trends, query suggestion, spam detection, presentation of
search results. This feedback is encoded in the forra gtiery log that consists of a sequence of
search actions, one per user query, each describing the following information: (i) terms composing a
guery, (ii) documents returned by the search engine, (iii) documents that have been clicked, (iv) the
rank of those documents in the list of results, (v) date and time of the search action/click, (vi) an
anonymous identifier for each session, and more.

ProgresdVNe are interested in analyzing queries that are generated by users interacting with financial
portals, especially those provided by financial websites. It is possible to use query logs for detecting
financial trends by aggregating ttehavioof large populations of financial actors that interact with

the portal and correlations between different financiaktruments that could be used as a base for

the analysis of financial distress. For example Bordino et al in 2012 shown how volume of queries is
related to volume of trading

Crowd sourcing and Semantic Web analysis

Guido Caldarelli, Stefano Battiston an d Antoine Mandel

State of artindividuals in society face the daily necessity to have opinions and ultimately make
decisions and take actions whenever they are able or willing to do so. According to rational decision
theory, individuals make decision tagiinto consideration their utility, which includes estimating the
cost and benefit of a decision [Kleindorfer et al., 1993]. However, it is well known that people
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systematically violate principles of rational decision depending on how problems are framed
perceived [Tversky and Kahneman, 1981] or if low probability events are involved [Camerer and
Kunreuther, 1989].

Progress we want to devise A Social Intelligence Network (SIN) that is a new conceptual framework
that overcomes the limitations of traddnal crowdsourcing. The idea is to create a single virtual
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and knowledge. In particular, individuals can confront the values to which they subscrib¢heith
knowledge they have and the actions they take every day and improve themselves in terms of
consistency. We refer to this virtual place as the vakmeswledgeaction concept.

Final remarks

The importance of big data for GSS is perhaps best expléypeddouble analogy, with flying and

with speech recognition. For centuries, people dreamed of being able to fly like birds, and sometimes
experimented with devices that somehow had moving wings. These attempts all failed, but
eventually a different routgroved successful: devices with rigid wings whose geometry would create
smaller pressure on top than below when the device was moving fast enough. For a much shorter
time span, computer scientists and linguists have tried to develop devices that camiszggoken
language the way humans do. Again, this proved rather elusive, but big data provided an alternative
approach: huge databases with snippets of spoken language can be searched with-t@oegle
algorithms to find correspondences with oral input.

The point of these analogies is that big data can become essential tools to perceive global systems,
but only if they come with new ways of using them. Mindlessly trying to apply techniques used to
target individuals when trying to understand global syssewill not work; nor can computers be
expected to form concepts the way humans do in conversations and joint actions. By exploiting the
relation between models and narratives of globalization, GSS can define practical problems and
preliminary concepts thiacan be used to mine big data setsften to be obtained by crowd sourcing

¢ in view of the dynamics and structure of global systems. The results can then be used recursively to
improve problem definitions and concepts, as well as to monitor the intendled unintended
consequences of policies dealing with global systems.

3.1.3 High Performance Computing

Once high performance computing (HPC) moves from -aedlhed problems in science and
engineering towards the world of poliepaking, mindless computing &n increasingly serious

danger. In global policy areas like financial markets, climate policy and more, the evidence to be
provided to policyy {1 SNBE ySSRa (2 0S8 &NB efttttcogeS with @i RSy O
assessmentf its reliability, validityand relevance. So far, HPC has rarely, if ever, been used in such a
spirit. Nevertheless, it holds considerable promise in this regard, e.g. because of the possibility to
explore large, complex sample spaces of parameter values and boundary conditions.
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The need for reflexive evidence is not peculiar to global systems saidogeow, the cases where
decisionmakers can safely rely on evidence to be taken, as it were, at face value are the exception,
not the rule. However, when dealing with global systetne need is particularly urgent, because our
understanding of and familiarity with those systems is so limited that scientific evidence always
results from a whole array of natnivial decisions by researchers. HPC is particularly-suéikd to
producereflexive evidence under such conditions.

For this purpose, the computational skills required to develop and use HPC must be combined with

great skills in communication and in assessing the relevance of evidence for addressing specific
practical issues.herefore, GSS will systematically embed HPC work in dialogues with scholars from

the humanities and with practitioners dealing with global systems.

Michael Resch

Global Systems Simulation usually requires detailed simulation of the key processessybtibm

that is under consideration or a detailed analysis of data provided to understand such a system. In
both cases High Performance Computing plays a role as a key enabling technology to achieve
reasonable and reliable results.

With respect to High P@armance Computing there are two main issues that are of importance here.
The first one is the availability of such resources. The European activity PRACE (Partnership for
Advanced Computing in Europe) a basic infrastructure for HPC has become avaidbEuropean
researchers over the last years. It is vital for GSS to keep such an infrastructure available and open for
all European scientists but also to update such an infrastructure continuously to be able to harvest
the potential of improved systermand turn it into improved GSS results.

Furthermore there is a research part that comes with HPC. As HPC relies on very large scale systems
based on millions of parts like processors, memory chips and disks, GSS has to master the handling of
such systemsrhis includes a number of issues:

1 First and foremost the development of scalable models. Existing models were often
developed with serial computers in mind. New models have to be developed that are scalable
to the same extent that HPC systems scale.

1 Seond, the development of scalable programming tools to be able to implement the scalable
models on existing hardware. This includes programming languages, debugging tools,
performance analysis, and many more.

1 Third the development of new and scalable metts to make things visible.
While all of these issues are in principle covered by each of the focussed subjects discussed here
6Y2RStas RIGlE @GAadzZd tATFGAZ2Y S F2NXIE fFy3dd 3Sas
becomes the central feate. Only when scaling all of our efforts to very large systems are we able to

get the necessary answers to our GSS questions from the European HPC infrastructure.
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3.1.3.1 GSS, High Performance Computing and Functional Programming
Martin Elsman

A central partof Global Systems Science is for society and decision makers to understand the effects
of political decisions and societal changes, including, for instance, global climate changes,
environmental changes, geological changes, sociological changes, firgystmins changes, and
political changes.

Welljustified decisions can only be made by understanding aspects of the past and the present. We
make models that capture the essenti@haviourl properties of the systems we are part of and use
these models taunderstand the systems and to predict the consequences of decisions.

An essential part of constructing and verifying models is continuously to analyse and extract patterns
from big data sources. Complementary, for understanding a model, and in partidalar,
understanding consequences of decisions, big computations (e.g., Monte Carlo Simulations) are often
used. For many of the systems, big data sources need to be analysed quickly and big computations
need to be run with immediate response time in order tlecision makers to respond immediately,

in realime.

Tomorrow's computational platform is much different than Yesterday's, as we start seeing parallel
architectures getting renewedattention, based on the general purpose usage of parallel
architectures as found, for instance, in graphical processing units (GPUSs). The reatemtibn on

parallel architectures comes from the fact that engineers have reached a barrier as to how efficient a
central processing unit (CPU) can compute. On the other handrd@law still holds: the amount of
transistors per silicon area is roughly doubling every 20 months. Thus, the number of parallel
processing units found in new hardware, such as the graphics cards of a standard gaming PC is
growing exponentially, leavingn open problem to the software architects: how are we going to
program these new very parallel architectures. Approaches are of course materializing, for instance,
in the form of toolkits, such as NVIDIA's CUDA programming platform or the open source
programming platform OpenCL. But higHevel programming models are needed, as expressed, for
instance, by Bill Dally, chief scientist at NVIDIA and senior vice president of NVIDIA Research:

dal 1TAy3 Al Srae (G2 LINPINI Y Aadstels®a ful/capaditykid [also] WS |j dz
challenge. ... We need to move toward highevel programming models where the programmer
describes the algorithm with all available parallelism and locality exposed, and tools automate much
ofthe processof effiy i f @ YI LAY I | yR {dzyAy3a GKS LINRPINIY
[From http://www.hpcwire.com/hpcwire/201304-15/future_challenges of large
scale computing.htm]

Research into the area of hidével parallel programming models is essential to develop, maintain,
and manage tomorrow's higperformance, parallel systems. The functional programming paradigm
captures exactly the declarative propertiggat make it possible to express parallelism at a high level
and also make it possible to generate efficient Rggrformance code from the higlevel functional
specifications. In the context of financial IT, the HIPERFIT Res&amntte (www.hiperfit.dK) is one
example of aentrethat investigates these research opportunities.
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3.1.3.2 GSS in the presence of faults
Sibylle Schupp

Global systems, if they fail, may fail big; it is for that reason that policy makersaharal role and
responsibility. Whenever policies are backed by simulations, they rely on the results of a computation.
Yet fact of the matter is that those computations inevitably contain faults.

At present, most faults do not manifest themselves iway that incurs practical problems. Which
faults are benign, however, and which ones may seriously impact the result of a simulation, is largely
unclear and can be said with certainty currently only in hindsight. A fundamental task of the science
of globd systems, thus, is to provide methods for understanding the impact of faults. Specifically,
metrics need to be defined to describe the magnitude of a fault, qualitative descriptions are
necessary to capture its semantics, root causes need to be ident#retithe dependencies between

a fault and the healthy part of the system as well as among faults need to be researched.

Big data implies big faults. A large class of faults concerns the logic of the program; those require the
investigation of formal langages. Yet, other classes of faults exist that go beyond logic, ranging from
the malicious tampering of a system over physical errors in the environment of the simulation to
hardware faults in the computational architecture. Those faults can be transglent, non
reproducible, noadeterministic, or random, and are thus hard to detect. They are found in data,
models, computations as well as networks, storage media, and computational units; and they may
emerge at the interfaces of software and hardwarengmnents that by themselves may work just

fine. They also are expected to dramatically increase in numbers.

For the future computers for global systems, exascale computers capable of a million trillion of
Ol £t Odzf A2y LISNJ a4S02y RZXis préjested dm 1Bl s shorth tiad usefld  C I
computations are seriously impeded. At the other end of the scale, and indirectly promoted by global
systems themselves, one can observe already today that malicious intentions grow rapidly and that
the financial, scial, or personal incentives for manipulating simulations to one's own advantage only
become larger. Both the kind of faults and their mere quantity defeat traditional concepts for
resilience, reliability, and robustness. One has to fundamentally thimt bew computations for

global systems possibly can be protected.

Understanding faults requires first and foremost that one knows _of them. That knowledge does
not exist today since the required infrastructure is completely lacking. At present, faaltidden in
regression tests, traces or log files, and even if one had access to those files, neither standards or
notations exist to describe them nor concepts for evaluating or comparing them. Further, traditional
recovery mechanisms cease to work.

Clasical redundancy in space or time is too expensiaeither can one hold big data twice nor can

one easily run a large simulation multiple times. Smarter ways are needed than thosefdmege
approaches, and redundancy must be made affordable with rédpesnergy costs and resources.
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3.2 Communicating/Framing /Democratising Scientific Evidence

3.2.1 Computer Science, Complexity and Narrative: A Research Priority
David Tuckett,
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Elliot Smith and Rickard Nyman.)
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A conventional valuation which is established as the outcome of the mass psychology of a large
number of ignorant individais is liable to change violently as the result of a sudden fluctuation of
opinion due to factors which do not really make much difference to the prospective yield; since there
gAftt 0SS y2 aGNRBYy3I NR2Ga 2F O2y 0AOéck dywavesdf K2 F
optimistic and pessimistic sentiment, which are unreasoning and yet in a sense legitimate where no
solid basis exists for a reasonable calculation.(Keynes, 1936 p154)

Most important economic and related decisions are made in conditiorentiflogical uncertaintyg

that is in situations where the future development of entities and their future relations are
profoundly unknowable ahead of time. Imagine, for instance, a set of predictions made before the
development of the wheel, steam engirteansistor, PC, or Interneglet alone AIDS.

Taking decisions, in other words acting, in these circumstances requires conviction. But the factors
that create conviction when outcomes are inherently uncertain are neurobiological, social and
psychologicaftather than merely calculative. There is growing evidence, in fact, that economic and
other important decisions that require pictures of the future to be created are subject to the forces
(in urgent need of good understanding) that produce narrative adion and narrative truth.

Aggregatebehaviois subject to the convergence and suddencordination of shared narratives
about the future and inherently fragile and unstable. Whereas the state of the world changes rather
slowly the state of narratives alb what is happening in it can alter very sharply and is strongly
subject to social interaction and influence. Recent events in financial markets have demonstrated this
proposition forcibly.

¢KS RAIAGIFE NB@2tdziAz2y Kl al ¢INPRBZOSRLIEONBSE & dadi &
have begun to show can successfully be investigated rigorously using algorithmic methodology to
capture historical shifts in narrative sentiment which appear to warn about possible future patterns.
Essentially some tops and projects start to be discussed and pursued with significant alterations in

the presence within narratives of realistic doubt.

The fact that economics has not adequately taken into account radical uncertainty and the impact of
human actors being s@ and sentient interacting units producing complex and unexpected novel
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outcomes are the two largest weaknesses in current economic thinking, which severely limit its
usefulness in the finance and macroeconomic spheres.

The new methods that exist to iagtigate conviction narratives circulating in large datasets produced
by networked institutions and individuals public and private data; offer a fruitful avenue to
remedy this lack and to understand the role human emotion and subjective narrative gapace in
creating economic and social reality. Linked to conventional social science methodology this new
technology has massive scientific and pohegking potential. Attention to ensuring access to
relevant data sources and research on narratives fraterdisciplinary teams comprising social,
brain, humanities and computer scientists should, therefore, be a priority area for scientific
development. It will assist understanding and modelling (via simulation) such vital areas as the
complex functioningof financial markets and changing social attitudes to climate change and
economic policy, among others.

3.2.2 Gamification

Web-gaming, social computing and internehediated collaboration
Vitorio Loreto

In the last few years the Web has been progressiaetyuiring the status of of an infrastructure for
social computing that allows researchers to coordinate the cognitive abilities of users in online
communities, and to suggest how to steer the collective action towards predefined goals. This
general trendis also triggering the adoption of walames as a very interesting laboratory to run
experiments in the social sciences and whenever the peculiar human computation abilities are
crucially required for research purposes. There is a wide range of potend@s af interests going

from opinion and language dynamics to decision making, gémeery, geography, human mobility,
economics, psychology, etc... For instance Spatial Games (related to traffic, mobility, coordination,
etc.) are aimed at investigating Wwopeople (from literate to nosliterate) explore geographical
spaces and use geographical information in a way that is meaningful and culturally appropriate for
them. Specific tasks can include coordination, exploration, cooperation, annotation. At tleetsam

these games/experiments would allow the collection of sensible information about how people
perceive their environment, e.g. by evaluating which scale and level of details in imagery is most
meaningful. This information can be organised in layers. draffic or pollution in urban
environments, social interest, landmarks, etc., and made available through suitable interactive
visualisation tools in order to help people to understand environmental changes, so to facilitate
informed decisiormaking. Adbng the same lines, the Citizen games share the common denominator
of the management of the commons as well as the monitoring of the environmental changes.
Interesting activities here include the development of new tools for the sustainable management of
natural resources (in particular for marginalised communities), a more aware use of them, good
practices for recycling, food management, mobility, energy consumption, communication, etc.

Behavioural apects of technesocial systems
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In social phenomena théasic constituents are not particles but humans, dmhavioual and
cognitive aspects, as well as the way humans take decisions are crucial ingredients that have to be
taken into account in order to make sensible predictions. It is thus crucial to deepen
understanding of the causal link between the level of the individual and the emergent collective
phenomena. In order to do this one has to parallel the monitoring of emergent phenomena in social
dynamics with the investigation of thiehavioual and ognitive foundations of social interactive
dynamics in human computation tasks. Relevant objectives include: i) The dynamics of cooperation
and human computation. Here the problem concerns how to sustain over time collaborative
behavioin intelligent taskswhich is fundamental both for the understanding of social dynamics and
for the design of effective forms of wabediated collaboration; ii) the role of motivations, incentives

and mechanism design together with other factors such as social ties, cuahdethe cognitive
framing of problems.

3.2.3 Need for narratives
3.2.3.1 Models, stakeholding and narratives

llan Chabay & J. David Tabara (and anonymous sources recorded from the first GSS conference
audience).

GSS will massively rely on computer models, taking@tdge of advanced technology to tackle the
complex multiscale ¢ spatial and temporal; structure of global systems. By their algorithmic
structure, however, computer models presuppose a set of concepts that are unambiguously given for
the purpose at handWhile such models can and will surprise the user in many ways, they-are |ll
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fruitful ways for humans to deal with those ambiguities.

Narratives help to crystallize the concepts needed to build suitable computer models, they can help
to delimit the scope within which a particular model is useful, and to urtdadswhat goes wrong

when it is used beyond that scope. Especially important for GSS is the possibility of using narratives to
tackle the thorny problem of unintended consequences, both of policies to be analysed, and of using
the models developed by GS&. this sense, ICT could play an important role in gathering these
different perspectives and articulating the various narratives and framings from different parts of the
world on what GSS ought to be. Narratives can be based on pictures and imageseseddh be

very powerful means to capture complex issues which can be very difficult to communicate
otherwise. But a challenge is also how to provide tiight picture in ways that then it can be used to
readjust our GSS models.

Narratives are not onlgtories, they can also be can be images, performances, etc, and they should
not only be understood a means for communicating but also for engaging publics. We need to realise
that these narratives emerge in many cases from models and that they are theugirad an
interactive process with the larger community of stakeholders. The existence of these narratives
depends on the possibility of creating such relationship and a process that goes along the whole he
generation of models and production of model outp as well as during [the process or organising
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and making sense of] the collection and analysis of data. But: How do we describe the systems in the
models? This process should not be normative or predigteding us how things should be or will

be- but only to provide a series of options about the future which in turn depends on how we act in a
particular way. So we need to consider the following questions: Who is asking these questions?, How
do we create visions on the future? (so there is a natidn to move it into collective
behaviochange), How we analyse the responses? And whetleb&gin to see changes or notn

addition, we also need to capture both the quantitative and qualitative aspects in the modelling,
analysisanddatain ICT,868 R2y Qi f2ada 0(GKS NAOKySaa 2F GKS ¢

ICT plays a substantial role in providing the connectedness across spatial domains and needs and
equally important as a means of empowering communities and individuals throughbdistl
information and knowledge sources and systems. Hence such integrated strategies must be
developed, tested, and communicated to the community in ways that they can implement them. This

is not simply a matter of information diffusion, but critically @reating and using narratives that
provide engaging visions for a sustainable future. Narrative kernels are the core notion expressed in
locally appropriate forms that can be effectively communicated and remembered and thus foster
coherent and cohesiveommunities of practice and collective action. When coupled with global
systems science strategies to address specific issues, narrative expressions can empower and
mobilise people at different levels to engage in the process of global transition andadmauasion.

Therefore, narratives should not only be understood a means for communicating but also for
engaging publics. We need to realise that these narratives emerge in many cases from models and
that they are the product of an interactive process wiktie larger community of stakeholders. The
existence of these narratives depends on the possibility of creating such relationship and a process
that goes along the whole generation of models and production of model outputs as well as during
the process or mganising and making sense of the collection and analysis of data.

We need to involve stakeholders, but if people ARE to make use of GSS then it will be necessary to
consider societal actors embedded within the many different kinds of institutions winietiate

their actions. Each of these has their own values, and use particular types of narratives and this is a
complex issue indeed.

GSS needs to connect information on global systems with models and scenarios in ways which are
useful for policy makingOne possibility to do so could be to develop a process to select first the
relevant information; next running computer experimenand making use of ITC too#d then,
connecting such insights with the lessons learned from the past and for the futueie ® adapt and

create adequate models to do all thigand its associated narratives.

In particular, the analyses of framings and narratives should help to unveil how we describe global
systems in the models. This process should not be normative aliginee ¢ telling us how things

should be or will be but only to provide a series of options about the future which in turn depends

on how we act in a particular way. So GSS needs to consider: How do we create visions on the
future? How motivations cahe activated to move it into collectivieehaviochange in this regard?

How we analyse the responses? Can we begin to see any positive changes? Who is asking these
questions? GSS should capture both the quantitative and qualitative aspects in the maqgdelling
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analysis and data in ICT, in ways that we do not lose the richness of the qualitative aspects of the
narratives.

There are some cultural aspects (e.g. in language development) that need to be taken into account in
developing and communicating GSS, amgarticular when discussing the future of communities or
how GSS could be useful in other parts of the world (Africa, Hfatiarica). Thinking about
characterising global systems we may also need to think about how people in communities in other
partsofi KS 62 NI R OKI NJ-vhictSiswshat Seyiadtu@lly sed ih thasé dormunities. In
addition, we have global universal problems, but which are manifested in many different ways
locally. We should consider what is happening in terms of changie docal level in these places in

the mode of transition areas, and how these experiences interact with other scales. Therefore, not
only we have to create new narratives and visions on GSS but also it is necessary to connect these
narratives and visio with many other existing ones which are very diverse, which could help people
learn, to help people understand where they are and we need to listen to them. In this process, ICT is
to play a central role to support mutual learning.

3.2.3.2 Narratives for socidy sustainable future: participatory process to build narratives for
action

Filippo Addarii

Indignez vous! The pamphlby retired Germar-rench diplomat Stéphane Hessel in 2011 inspired
the establishment the Occupy Wall Street and Indignados movem@his.is a case study of how
narratives emerge and operatédillions of people across the world found in the pamphlet the
expression of their anger against the system, the frame to build a shared understanding/identity
across cultural and geographical boamigs, and a call for joint action against governments and
financial institutions.

This was not in the intention of the author but it happened. This is just an example amongst many
but exemplifies the dynamic of narratives. The question is to understanevhich conditions
narratives emerge and if they can be engineered.

' YRSNBGFYRAY3 GKAA Ada AYLRNIOFYydG F2N) Df 2ol {@:
understanding how the globalizing world workghe opportunities it generates and therisis it
provokes- but needs getting policy makers and the general public to understand as well and change
their behavioaccordingly.

The process is not just a matter of communication and manipulative techniques as a policy adviser
Karl Rove would recomemd because the level of complexity faced and adaption required is beyond
any command and control approach. Moreover the public trust in public institutions and saience
often even cause of more uncertaintjyhas plummeted to such a low that the cost aintrol is likely

to be unaffordable.

A strategy for engagement and empowering process with policy makers and the large public to build
a new common value framework is required to get each one to take responsibility and respond to the
specific challengesf the places they inhabit. Narratives can do the job.
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Technological advances coming out of internet makes the task even more possible. New technologies
such as crowdsourcing and social networks allow making this process as genuine collective
production ergaging all sorts of stakeholders across borders and boundaries.

The process does not need to start from scratch. There are also-soommic trends already
happening in society such as faiade and microcredit that already engage millions of people
responding to the same needs to understand and build a new vision for a globalizing society. These
trends could become the tassels for the new narrative underpinned by scientific knowledge. Actually
science and emerging trends could just reinforce each other

This strategy should include 3 elements critical for success: shared purpose, sense of belonging, plan
for action.

This could be the beginning for a narrative suitable to the challenges of theattury. It would
start on Aristotle theory of narrate ie poetics but also build on the new opportunities opened by the
new century to mobilize people across borders and boundaries towards a socially sustainable future.

3.2.4 Education and Learning

Global Sustainability Learning and GSS

J. David Tabara

IntegratedICT can play a decisive role in supporting and consolidating global communities of learning
regarding the improvemenin the understanding and governance of global systeftgs can be of
particular relevance with regard to the articulation of opeetworks of action organised around
meeting specific needs and problems that relate to global sustainaktlitst is, societalproblems

which inevitably have a mulicale, multidomain, multtagent complex nature.

The ambivalent nature of ICT mearstt on the one hand, the newools and data available can
become instrumental in organising knowledge partnerships around specific boundary objects
constucted within the interface of: )X science/knowledge integration, )2policy design and
transformation, ad 3 the engagement with general public. But at the same time, ITC tools also
increase the complexity and the degrees of freedom in which human actintake place. For this
NBIazys L¢/ gAff ySSR (G2 Y2@S -ardeRIYa AO& qbmis & IS Ny
is, doing more or less the same, but simply by more and faidrecome triggers for a truly second
order global social learningchanging not only the means to do the same but also the goals, the
values and the cognitive framewks we use to decide upon such goals. This massive process of
global reframing in human perceptions, values and practical tools for understanding and
transforming reality (e.g. towards nedtualistic worldviewswill necessarily havenore aligned with

the present predcament of global sustainabilityand in this respect, itcan referred to as
sustainability learning In order to move towardghis more reflective and empowering role of
information and knowledge systemkarge policy and social effort®.g.,to harness innovation and

G2 tSFENY Ifaz2 WYwiKhade tobSdedo® dzf RY Qi R2 Q
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In particular, & integrated understanding and learmgnabout global systems ought able to
unveiling and provide substantive insights on the options for innowain global institutions and
social structures (S the change in the quality and quantity of stocks and flows in information and
knowledge (I; e.g. including the role knowledge erosion derived from globalisation), of energy and
natural resources (Eand the cumulative and irreversible (often negative) effects on human agents
interactions inthe process ofjlobal environmental change (€e SElIConceptualmodel, Tabara &
PahtWostl, 2007).

Global sustainability learning will necessarily entathift 0 our collective capacities to represent and
G2 RSIHt gAGK (KS inp@dadidnary but@Nd t@dsrmaive maulidis msang)
boosting our abilities to systematically unveil the multiple interactions and interdependencies
betweenthe various ongoing crises and propose viadylstem optionso deal with themc including
those optons that entail disruptive changes existing power arrangements and global inequalities.
Only by securing that large amounts of people can contributeutth process of knowledgwruilding,

and in ways that improve their own conditions and those of future generations, will it be possible
that GSS plays a significant role in the process of global sustainability learning and transformation.

Last but not leat, while it is true that global human dynamics have become increasingly coupled and
intertwined with those of the natural systems, this is not assarily true with regard tdHuman
Information and Knowledge SystemsIKS) used by individuals and organdsat in their daily lives.

The basieneans ofinformation usel to value, judgeand communicatehe world about us (e.g. price
systems, media, etc) do not reflect the kinds of changes occurring in the nanaadocialworld in

ways that can support fasiearning and transformatiorfor sustainability What is needed is to
develop multiple learning feedbacks connecting agents at their closest level possible with feasible
systems options in ways that they can meaningfully contribute to minimise the negatimelative
aggregateeffects on global systems derived from the unintended consequences of their own actions.
Mapping out such systerragents options, and making understandable and supportive by the citizens
at large is a challenge in which GSS can deftyt contributein the decades to coméTabara &
Chabay, 2013).
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3.2.5 Participatory Approaches to Knowledge Acquisition

3.2.5.1 ICT for participatory sensing
Vittorio Loreto

One possible way to respond to the above mentionedistal challenges is that of pushing the
evolution of ICT so that it can support informed action at the hyperlocal scale, providing capabilities
for environmental monitoring, data aggregation and mining, and information presentation and
sharing. Nowaday®Ww-cost sensing technologies are being developed to allow citizens to directly
assess the state of the environment; social networking tools allow effective data and opinion
collection and reatime information sharing processes. Through the use of ICTE tdeployed to
gather usergenerated and usemediated information from wekbased and mobile sensing devices
knowledge, the social awareness and understanding of environmental issues and living conditions in
urban habitats will be enhanced. The possibility access to digital fingerprints of individuals is
opening tremendous avenues for an unprecedented monitoring at a = microscopic level” of collective
phenomena involving human beings. We are thus moving very fast towards a sort of a tomography of
our sogeties, with a key contribution of people acting as data gathering ““sensors". Interestingly, this
participatory sensing also presents challenges regarding quality and cost of sensors, reliability and
representativeness of collected data, widespread amillging participation, as well as privacy.
Participatory sensing data will have to be integrated with-pxésting information. The possibility to
collect relevant and capillary data about human urban activities can stimulate the development of
data-driven modelling schemes integrated in HBased infrastructures for an empirical,
computational and theoretical approach to social dynamics processes. In addition new models of
interaction between citizens, authorities and scientists will have to be developedlly, the
innovative integration of mobile technology, sensors, and soegallsgre ICT can contribute to a shift
towards a green and sustainable economy, which has been seen by many policy makers as one of the
exit strategies from the current financiahd economic crisis.

3.2.5.2 Decisions about the future OKA S@Ay 3 aidl { SK2f RSNEQ | :
participatory narratives

llona Heldal
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uncertainties, delgs and dilemmas during the communication and collaboration regarding decisions.
The more democratic the intended project is, the greater is the risk for unintended obstacles. The
communication between the stakeholders can easily be too slow or delayedy Meojects are
looking for visualization based support for communication and collaboration regarding decisions
about the future. Virtual and Augmented Reality models can make it possible for all interested parties
to have access to a common representatibmaedium. This makes it easier to achieve an
understanding of topics on the basis of their own common sense, i.e. the models can visualize non
SEAAGAYIS FdzidzNB 2025004 YR LINE O%aNDI & mz{ IS SK
models as a&complement to their other materials. However, believable models are not necessarily
trustable too. Stakeholders often have difficulties for using the models, fully experiencing them, using

94



them as a communication medium or trusting them and therefore tb@ynot use them as evidences
in the decision making processes.

The issue of trust is often based on the ability to follow processes, to have a strategy with the major
steps through the process. Narratives facilitate following a process from a starisglg® outcomes

and enhancing the relevant structures. For this one has to understand actual patterns and structures
of complex problems; be able to analyze parts while keep the attention on the whole problem;
perform systematic data reduction while alsoctis on essential components. Developing visual
models based on a storyline can enable stakeholders to test the effect of certain decision(s) regarding
some interested aspects during the process and contribute to a deeper understanding of the process
and the ways in which decisions are made and supporting evidences (e.g. documents, calculations,
developing scenarios) are handled.

This document argues for the benefit of defining new visual models based on narratives, models that
can support decision makingiNE OSa aSa (26 NRa 206Gl AyAy3 &adGl (1 SK:
the narrative stands for understanding a structure for a whole process within a coherent content. The
visualization stands for providing visual content for the structure and the maiesss the structure.

By this more trustable models can be built.

Telling a story with the aim to solve a complex problem and being able to explore issues and their
consequences visually by the time playing with adjustable timeline, resources, envircadnognt
economical impact, and visually showing actual stakeholders involvement, would contribute to
increased engagement, experiences and trust in the whole process. Playing with simulated decisions
and making the effects of them more clear and tangible ldalso contribute to understanding the
problem. By visualizing potential tensions between requirements or needs can prepare stakeholders
to earlier deal with the eventually upcoming problems. There are several challenges that need to be
further investigaed in relation to the idea of visual models based on narratives. For example:

- Incorporating different modalities beyond visual models (e.g., by sesmiggnenting, by
touching, by listening or by smelling).

- Combining narratives with other methods suppogidecision making regarding future issues,
e.g. with scenario planning.

- Describing what can be trusted in a narrative and how, e.g. by missing evidences.

- Combining existing narratives with alternative (possible or impossible) scenarios.

- Assessing simulatis.

- Considering data, tendencies from the large public.

- Involving the public, for example by using social media.

- Making available and calculating possible deviations behind simulations. Visualizing possible
deviations behind simulations. For example theeemal stakeholders need to know if a new
building can be placed closer or far away during the next steps in the building process, and
within which threshold interval. The threshold interval needs to be available since even small
changes may influence expencing of e.g. shadows or air corridors.

- Considering time related consequences (e.g. visualizing the different effects of a delay).

- Forming the risk analysis for the entire project.
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Defining illustrative examples to better understand how ICTs suppornmgnication and
collaboration with the purpose to reach stakeholder agreement

3.2.6 Collective awareness and decision making
Vitorio Loreto

Awareness is very much related to learning. The societal challenges of our rapidly changing world call
for a need tomcrease the number of people that are educated and capable of using the technologies
that will sustain large human societies safely and prosperously. Learning is at the basis of our ability
to construct models of our reality and take decisions. This ie@ajty difficult when we face the
complex problems of our interconnected societies. This calls for a commitment of the scientific
community to generate new concepts and innovative learning schemes through which a much
needed breakthrough can be obtained.

The access to both personal and community data, collected by users, processed with suitable analysis
tools, and represented in an appropriate format by usable communication interfaces, has the
potential of triggering a bottomup improvement of collectivesocial strategies. By providing
personally and locally relevant information to citizens, i.e., related to their immediate locality rather
than to the city or region in which they live as a whole, one can hope to stimulate fundamental shifts
in public opimon with subsequent changes in individdeghavioand pressure on policy makers. The
integration of participatory sensing with the monitoring of subjective opinions is novel and crucial, as
it can expose the mechanisms by which the local perception ohaim@mental issue, corroborated

by quantitative data, evolves into sociafifared opinions, eventually leading to local and global
changes. Enabling this level of transparency critically allows an effective communication of desirable
environmental stratgies to the general public and to institutional agencies. For instance fostering
awareness and improving environmental monitoring could contribute to the reduction of pollution
and waste of energy or the improvement of biodiversity in urban areas. Fogtehe birth of
environmentally positive communities, stimulating bottemp participation, collecting public
opinions and perceptions in a trusted way, are all factors that will empower the general public and
policy makers with tools to gauge and orient tthemocratic processes of decision making.

3.3 Coordination Problems
3.3.1 Computational Logic

Logic for GSS methodology

David Pearce

Logic forms a crucial part of traditional scientific methodology and there is no reason to suppose that
GSS is in this respedifferent. The fact that systems studied may be rteterministic, that
behaviomay be emergent, or that phenomena may be chaotic does not change this. Logical
methodology seeks to formalise the reasoning mechanisms involved in the processes of discovering
knowledge, applying scientific theories and models and judging their success. For much of the last
century logic was dominated by the classical, deductive paradigm of formal reasoning in the tradition
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of Frege and Hilbert. It was applied in particular t@athematics and to traditional concepts of
descriptive methodology, to study concepts like explanation, prediction, and confirmation. However,
the classical paradigm of mathematical logic has been challenged in recent years from many different
directions.Modern computational logic has abandoned many assumptions and greatly surpassed the
boundaries of the classical view. Induction, learning and discovery are now bona fide research topics
for logic, while the foundations of logic are being enriched by dyoahtoncepts from information,
interaction, games and argumentation. GSS is attempting to develop a new scientific paradigm that is
as yet only partially formed and one of the areas most in need of development and explication is that
of theory evidence, tsting, prediction and forecasting. Whatever the nature of the formal models
developed within GSS, in logical methodology we are dealing with what inferences can correctly be
drawn from them and whether and how such inferences can be used for testing gmavimg those
models. In other words we are irrevocably working within a logical domain.

Logic for reasoning about GSS and global challenges

Logic typically forms the metatheory of the mathematical sciences. While the different disciplines in
GSS maynvolve very different styles of laws, models and mathematical structures at the level of
theory, at a metatheoretical level there may be much more uniformity that logical frameworks can
reconstruct, analyse and compare. Another issue raised by GSS ismszhegth the communication

of science to stakeholders, decision makers and the wider public. This process is intended to be not
merely a unidirectional one of communicating scientific results and evidence to ssaientific

public, but to be interactivend include active citizen participation through discussion, dialogue and
debate, possibly supported by social networks and platforms. It has been emphasised that techniques
such as narratives, games or even art may be important vehicles for expressiagaevand forming
2LIAYA2Y® | 29 SASNGI NBREE F @RIEVIHY 2F D{{ X AyOf dzRAY
concerned with reasoning. Ultimately, in order to ground decisions as rational, equitable or
otherwise reasonable, we need to examine theagening steps that led to those decisions and
provide their justification. Here again logic may be expected to play a crucial role, along with
argumentation theory, game theory and other formal methods.

3.3.2 Social and governance p rocesses

Diana Mangalagiu
Global Systems Science and Global Governance

Since the term governance started to be used in the early 1980s in a policy document by the World
Bank, its use in both public policy and corporate world more and more focus was put on good
governance and pringles of good governan¢® However, such principles, adopted by the World
Bank to evaluate governments of developing countries on the basis of governance has been widely
criticized by developing nations and development economics specialists as beingsidaxheriterion
established by industrialized nations.

19 Specifically, good governance refeis enforcement of the rule of law, due diligencillingness o
encourage foreign inv&ment, determination to prevent corruptionand the ability to formulate and
implement sound fiscal, economic, monetary, foreign currency and trade policies.
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Held (2002) are mostly elaborated and focused on Western contexts, which are getting poorer and
less powerfuland attempt to keep their historical advantage. While new players are joining the
conversation (creation of the G20, OECD opening to BRICS), the dominant pattern remains the same.

What we start to better understand today is that global governance chgderand more largely

most global challenges are-defined problems, s©®F t f SR WgA O] SR LINRof Sya
problem and the solution are unknown at the outset of the probleaiving exercise (Churchman,
MpcTOD® ¢KAA Aa-RSEA Y BERB GHERENe RobleHpwisSdedr, and the solution is
available through some technical knowledge.

Global Systems Science should build on insights from the environmental experience such as Ostrom
et al (1999) and Young (1997) in tackling challenges comgethe management of largecale
resourcesandthes@ f ft SR W3t 20t f O02YY2yaQ GKIFId RSLISYR 2y
AYLE & | RSLI NIldzZNB FNRY WRSaA3ays O2yaGaNBE | yR O3
FYR yIF @Al GS s sdggeStandving kol &xpectatibns to find local solutions to local
problems and global solutions to global problems towards a more patchy mix ofleuetisolutions

siting in global contexts.

Global Systems Science has much to contribute to the sgogma framing of global governance,
which is nowadays taking place. A few examples of questions a GSS research program should tackle:

1 How ICT and GSS can help building fututented global governance in an inclusive way
based on multiple worldviews anators including the usually missing voices?

1 How ICT and GSS can help bringing about comprehensive solutions of global governance and
overcome the sharing power/sharing burdens frame of mind towardswiim coordination
mechanisms?

1 How GSS can help to fhar understand how the ingredients of global governance interact
and coevolve: energy and resources, development, human and cyber security, global
commons, financial and reserve currencies etc.? How to tackle systemic and emergent risks?
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Need for Foresight in Global Systems Science
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Angela Wilkinson and Diana Mangalagiu
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recognizes the contingent nature of an unpredictable future as a motivator for change in the present.
¢t2RF@8Qa oA3d LRtAOCE OKIffSyasSa o6SySTAld yz2i0 adzai
looking forward and imagining different possitids. They are also increasingly associated with new
approaches to change, not just developments in systems thinking and complexity science. For
example, the momentum in collaborative futures, transition management, resilience management,
sustainable inelsive and green growth initiatives, etc. each, in their own way, recognizes the limits of
established economic theory (neoclassical economics) and indicate a search for new approaches to

F LILINBOAF GAY3IZ | RRNBaaAy3a | yR Wddcihld dhieyfahy anOK | y 3
complex systems dynamics.
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probable, possible and preferable is as pertinent today as it was 20 years ago, but the methods to
engage the role of the future in the present continue to evolve.

Big Data and (better and/or new types of) modbelsed analysis and simulation might seduce some
towards renewed predictive confidence. While forging shared and more systemic understanding of
international and global systems is needed, enabling and sustaining the collectivescatessction
involved in changing established systems dynamics is exga so.

Navigating between narratives, forging new common ground, and attending to the evolution of
strategic vocabulary open questions of systems boundaries and framing contests. There is also a
guestion of ethics: the contingent future as a desigmlldnge and who is designing what and for
whom? It requires attention to the quality of judgment not just the availability of datasensitivity

to narratives, to framing contests, to making space for conflict and to managing disagreement as an
asset wihin science and within policy making processes.

It requires rethinking the sciengaolicy interfaceq Global Systems Science to support a better quality
of strategic conversation and experimentation not just a better quality of analysis and predict and
decide approaches.

5S@St2LAyYy3a WwWIt26FfQ F2NBAAIKI NBESOryad G2 ySs
effectiveness of Global Systems Science and requires ammetliod modern futures toolkit in which

rigorous analysis and intuition, numbersdanarratives, hard and soft systems thinking have a role to

play but not at the exclusion of the other.

| 2¢g OFy Df2olf {2adGSvya {OASYyOS O2y(iNROdziS G2 ¢
institutional innovation that is currently locked out hygidities of established policy domains,
structures and lack of interdisciplinary and tragisciplinary science? What sort of science do new
practice communities need/are they able to use? How can policymaking reorganize to attend to
crossscale dynants (not top down vs. bottom up) and connected challenges (rather than-lssue

issue basis)? How does policymaking enable new value creation not just risk control?
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Digital anticipation and global understanding

Big Data but what about the future?

Antoine Mandel, Diana Mangalagiu and David Tuckett
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internet, globalization, technology, wireless communication, the end of the Cold War, machines,
information technobgies. We have begun to design technologies that can take advantage of this
increase in the speed of information transmission to develop better stesrh insights. Some claim

we can now forecast the spreading of flu pandemics or the volatility of stoskg search query

data, the results of elections using prediction markets, the demand of new products by tracking their
adoption by influential characters in social networks, and better manage prevention of and recovery
from extreme events.

One questiorto ask is whether we can really do all of that and what might be its limitations. Is the
availability and rapid analysis of large quantities of big data making societies better or what might be

the problems? Another question is whether the developmentst thave increased the speed and

reach of communication mean that our societies feel better empowered and more confident when
facing the future? In fact it can seem rather the contrary. A sense of powerlessness is spreading from
the unemployed, underemployedr less and less relatively well paid workers in Western Europe to

the nation based poliecynakers who have to confront global challenges such as financial and
economic crises, climate change, or the rebalancing of power and influence at the globalrscale.

LI NI S GKS LIAOGOdzZNE A& NBYAYAaOSyld 2F aiKS SyR 27

The sense of empowerment or powerlessness may have to do with how we create narratives and
visions of the future at an individual or collective level. Recent studies asidruckett et al (2013)
aK2¢gSR GKFG &F3I3INBIALGS 0SKIJA 2N iadindtiozioPsBaced U 2
narratives about the future and inherently fragile and unstable. Whereas the state of the world
changes rather slowly the state of natives about what is happening in it can alter very sharply and

Ad auNpy3afte adzowaeSO0 G2 a20ALft AYyiSNIOGA2Y YR |
help to capture historical shifts in narrative sentiment and possibly warn aboutdygatterns.

Most decisions at all levels are made in conditions of ontological uncertainty, which is in situations
where the future development of entities and their future relations are profoundly unknowable
ahead of time. While scientific and technicd¢velopments seemed to develop better tools for
prediction and control, if we look longéerm it now seems that could be an illusion. The crises of all
kinds can be viewed as wakg calls to remind us of the limits to our anticipatory capabilities and
the need to consider and improve our capacity to question models and to expect unintended long
term consequences.

There is a need to reflect on and experiment with how knowledge and foresight are developed and to
understand how confidence and empowermentpear in multilevel, multistakeholder decision and
policymaking processes. How emerging narratives and visions connect aenbb@ with existing

ones and what is the role of human emotion and subjective narrative capacity in creating economic
and sociareality?
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Preliminary questions to be addressed:

)l
1
1

= =

In what ways is faster also better and in which ways perhaps not?

What happens to digital communications and what do we know about their effects?

Is there a sense of powerless among national decimakes and, if so, what is the
connection between that and the new communications systems?

How can we make sure the shdaerm and specific issues on which scientists and experts are
able to say something (e.g. insights on financial markets which suggestgenations) also
address longeterm consequences?

In what ways, if any, can ICT help us to know where we want to go as societies and the
obstacles facing us? What role for the emerging digital society(ies)?

2 KFGdG A& aGoA3al RIEGFE££Z ¢ slitlbein®g Bsedgghat sef@ o be the2 dzil
potential advantages and drawbacks and how can we try to make sure we have more of the
former than the latter?

How can large quantities of big data and new digital structures such as social networks and
source of infomation help individuals, organizations, communities shape their vision of the
long-term?

How do we understand the impact of real uncertainty on us and in which ways do we manage
it?

What is a narrative?

How do narratives of the future get constructed,rspd, modify or dissipate and with what
consequences?

Can ICT help us to make use of human feelings (such as to be anxious or optimistic and excited)
and to understand and analyze the effect on us of narratives and visions when we are placed
in situationsof uncertainty?

How to use multtool and multimethod approaches? E.g. combine insights provided by
traditional social science methods and tools with big data analysis, modeling, simulations,
foresight methods and tools.

Where and how to search for futas in the digital spheres (crowsburcing, datamining,
trend-Kdzy GAy 3T ¢SI {1 aA3dylfaxok

Given that human decisions are interactively reflexive, what are the implications for drawing
conclusions from digital communication or creating policies on shiftingxa

3.3.3 Computational Decision Support

Michel Morvan and Eric Boix

Being able to model, simulate and show deep results for the understanding of the systems involved in
the problem is fundamental for the Global Systems Science but is not enough. Indeedf three

main target of this science is to provide concrete tools to decision maker. Therefore, being able to
couple the modelling and simulation approaches with simple to use demonstration and
experimentation platforms is of key importance. These platfdrave to allow decision makers to

dzy RSNERGIFI YR YR aFSSté¢ GKS Ayg@2f SR LINROSaasSa:

101



GaStftéd GKSYdD ¢KSAS LIXFGF2N¥a ySSR G2 LINRPOARS
system/model to allow variouexperts to find the information they need.

3.3.4 Coordination problems in markets and Global System Science

Antoine Mandel
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located: it is tied to the efficiemoperation of the market. Hence, even within the neoclassical realm,
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offers the opportunity to use advances in computer science to overcome part of fladares. More
generally, improving institutional design in settings where the rational approximation is valid, offers a
wide range of challenges at the interface between computer science and game theory.

The state of the art and the challenges fariAlgorithmic game theory are very clearly
summedup in Nisan (2009:

1 At the beginning of the decade there were scattered attempts to model and study issues
related to the Internet using a combination of computer science with game theory or
economic theoy. By the end of a decade a full blown academic discipline has emerged

1 Much work during this decade has gone into determining the computational complexity of
B NA2dza GelLlSa 2F SlidAftAONAL Ay 3IFYS&a YR Ay
this point, with the most significant remaining open problem being the computation of
approximate Nash equilibria.

1 Starting with Koutsoupias and Papadimitriou (1999), much attention has gone into the
analysis of the costs that the gantieeoretic point of \@w levies on computational problems.
¢tKS OFGOKe yIFIYS Gt NAROS 2F ! yI NOKeésx (23SUGKS
Tardos (2002) who analyzed these costs in models of network congestion, have been
extremely influential on the field.

Beyond mtwork congestion, most reatorld applications have yet focused on online auction design,
auction theory being a wedstablished branch of mechanism design. Theoretically, another low
hanging fruit is the design of efficient online schemes to financal loc global public goods (e.g
trying to maximize contributions to climate change mitigation through an update of platforms such as
http://thecompensators.orgd. Yet, the most important application of algorithmic gatmeory might

be the reduction of transaction costs: first by the design of exchange mechanisms and market
institutions that leave less room for strategic behavior and that make it easier to detect anti
competitive practices, second by decreasing the adstontract enforcement by making the judicial
process more transparent, its outcome less uncertain and immune to strategic manipulation.

In the negative mode, another potential contribution of algorithmic failures in game theory is to
indicate what arethe likely limits of validity of the rationality paradigm. As the scale of the system
and the magnitude of feedback increase, in a nutshell when one moves from a market to a system of
markets, the price of anarchy and the computational complexity ardylitee grow beyond what is

“"Reproduced here with the authorés autorization.
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reasonable. Drawing this limit might involve answering questions like: what are the limits of
mechanism design with boundedly rational agents ? What is the optimal level of incompleteness in
financial markets with erreprone agats (see Blume and Easley 2006) ?

When one reaches the limits of standard game theory, the problems that emerge call for adaptive
governance technologies rather than a priori institutional design. Numerically, one might have to
shift from algorithms tanteraction (see Wegner 1997).

Building on insights from the management of the global commons (see Ostrom et al 1999), Global
System Science can make a core contribution to a better governance of complexesmaeamic

systems by developing intellectuaté@technological frameworks that foster the coordination and the
F33INBIAFGA2Yy 2F AYRAQDGARIzZ taQ 2062SO0GAGSa Ay | &2
implementation of social objectives.

Thanks to the explosion of information technologjiell citizens of the world are potentially
only one click away from each other. How can this structure be used to let people recognize common
objectives and get organized towards their realization ? On the theoretical side, one needs to
understand how e evolution of preferences and social conventions through networked interactions
can help overcoming the impossibility theorems about social choice, how do social networks lead to
preference distributions that are socially consistent? On the technologidal one must search for
platforms that allow citizens to coordinate in view of addressing societal challenges. Embedding
insights from Network Science, ICT and semantic technologies, one must target the development of
seltprovided, data driven and ingendent tools that allow the emergence of collective opinion and
action. A major challenge in this respect is to promote-gelareness of groups and individuals while
protecting privacy.

Beyond the construction of social objectives, Global System Scimt contribute to their
implementation by increasing knowledge about the semtmnomic impact of policy, awareness
about the impact of individual behavior. At least two fields are wogen in this area: the
development of our perceptive capacitiestbe socieeconomic system thanks to appropriate data
mining tools, the reconciliation of economics and simulation in order to develop models of economic
systems at a scale which is consistent with social reality.
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4 Concepts and theory building . An example .

4.1 Uncertainty quantification

Henry Wynn

Uncertainty quantification (UQ) can be seen as one of the newkshe series of encompassing
themes of the last three decades which have an underlying stochastic nature. The quality
improvement revolution came to the fore in the early 1980 as response to the competitive edge that
Japan had gained by selling high qyadjbods into the US and European markets. The next big theme
was risk, given an extra boost by threats from disasters of one kind and another various events that
may affect populations on a large scale: climate change, financial crises, infectious diseases
geopolitical risk, and so on. UQ is close to risk, and perhaps one can be seen as containing the other,
and maybe risk is just the negative of quality.

The special feature of UQ seems to be the realization of the dependence of decision making on large
scale modeling. Climate change is a canonical example, but also engineering: think of the sheer
complexity of the modeling that goes into the design of a new aero engine.

In fact, if there is discipline that started UQ it is engineering or applied mathesmailist taken from

the web in the starup discussion for the new Journal on Uncertainty Quantification includes

Code verification

Model validation and estimation of structural model error
Computational error estimation for numerical solutions, e.g., a
posteriori error analysis

Data assimilation and model calibration

Detection and forecasting of highmpact, rare events

Emulation of computer models and dimension reduction
Inference with complex multiscale, multiphysics models
Representation of uncertaip and error, and integration of
different types of uncertainty, e.g., parameter uncertainty,
numerical error, and structural model error

Inverse problems, decision making and optimization under uncertainty
Treatment of higkdimensional spaces
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also notable that that SAMSI, the Statistical and Applied Mathematics Sciences Institute, which was
set up, idealistically, to provide an interface betweed 3 (62 RAAOALI AySas K|
workshop on UQ recently in 20412 [1]. Although the area is wide we can attempt a classification.

Sources of uncertainty.
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Much is made about different sources of uncertainty: model uncertainty, parameter unceytaint
observation error and so on. And a distinction is made, between objective and subjective uncertainty
with the somewhat pompous terms aleatoric (statistical, empirical) and epistemic (knowledge)
uncertainty. We will not dwell too much on all these distion here see [3].

Sensitivity analysis.

This is probably the most universal method of UQ. For computer modeling, particularly finite element
modeling in engineering, it has a formal meaning as the (partial) derivatives of the output with
respect to aninput or internal parameter. For example this might measure the first order effect of a
aeaitsSyQa NBalLryasS G2 OKFy3aS Ay F YFGSNARIT LINBL
special methods such as tlagljoint methodto enable the derivativesotbe output at the same time

as solving for the absolutely output level. The most used method to use ldorge Carlo (MC)
randomly changing the inputs or parameters and analyzing the output. Various less costivquasi
methods of generating input configations are used such as Latin Hypercube Sampling and low
discrepancy sequences (Sobol, Halton, nets etc). These methods can be capture under the terms
error propagation

One of the most useful methods is that 8bbol indicesThese are derived from arim of functional
analysis of variance, very similar to traditional analysis of variance in elementary statistics, except
that summation is replaced by integration. The marginal effect of all except k variables is integrated
out, for various k and variowshoices of variables [2].

Polynomial chaos expansions and stochastic simulation

One concern or critique which has led to the growth of UQ is the fact that much scientific modeling

has historically be deterministic: there was no probability in the iapuiput equation y = f(x). A

major attempt to rectify this has beestochastic finite elemennethods where a stochastic element

where a serious attempt is made to model randomness. These are either extrinsic in which only the
input and/or the output are afcted or intrinsic in which the mechanism to express randomness is

built into the actual solver. The best know method is that of polynomial chaos expansions (PCE)
which are, briefly, polynomials in Gaussian random variables. To obtain the coefficiertte of t
expansions, whether they are used extrinsically or intrinsically great attention is paid to integration
FYR GNIRAGAZ2YLFE DIFdzaaAly |ljdzZ- RN GdzZNE 2 @FSNJ aLISOA |

Both the computer experiments (see below) and the methods of the lastgpapd are not very well
adapted to situation when the quantities being simulated are discrete (counting) variable when, say,
multinomial or Poisson processes may be more appropriate. There are branches of simulation such as
discrete event simulation whictleserve more attention from a stochastic vigeint.

Inverse problems
This is a huge area and, again, has an applied mathematics heritage. The basic aim for a system y =
f(x) the task is to invert to the input-space from soméehavioof the output spae. A canonical

exampleisto findthe®@ f dzSa FT2NJ g KAOK & fASa&a Aa a2yYS NB3IA:
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reliability problem, an extreme value of y in some +iglated area, some design specification target

or tolerance region and so on. énuclear accident one may not have measured the true release of
radioactive material but can estimate it from the later air or ground readings. In radar one may be
able to see around obstacles by recreating the image even when it is not in a diredtHises very

YdzOK NBfFGSR (42 ARSI 2F FAYRAY3A | aofAyR a2 dzNJ
estimation (identification) is a type of inverse problem. Uncertainty arises because of the intrinsic
difficult of inversion, model inadequacya@ because there will often not be an oracle to verify the
answer.

Computer experiments

There is a host of issues relating to the accuracy of models. A very serious issue with large scale
modeling is that large models are slow to run. If in additionh® basic modeling one needs to add a

layer of secondary analysis, sensititivity analysis, inversion etc then, it then size may be prohibitive. In
climate change change, for example a single experiments may take weeks. The cost pressures in time
and resoures leads to a search for simpler but effective surrogate models. This motivated the area of
computer experiments in which interpolators are fitted to computer models using statistical
LINAY OALI & 2F SELISNAYSyiGl t RS abdusedloydrry duyahyfo a A &
the UQ methods that may have been computational difficult on a more complex and slower
computer model. This raises the whole issue of witéstel ofresolutionof a model provides a good
trade-off between cost and accuracy. & simplest one may model in a very elementary way just to

find out which inputs affect which outputs, a technique often referred to saseening.More
advanced, subspace methodsn various fields from classical principal components to modern
machine leaning methods have the same motivation.

Risk and Robustness

As mentioned, UQ and risk are close in spirit. Risk issues arise, perhaps more, in the case where
models are used for decision support or, to use another well known terminology, as patedsmn

support systemSatisfactory is that one can formulate utilities so that negative utilities are losses and
expected utilities losses are risks. Ideal is that the uncertainty, whether subjective or objective or
both, can also be captured in this we&8everal areas combine the absolute level with the uncertainty
about the level. Thus a good stock is one with high yield and low volatility, such as in portfolio theory.
Optimal and robust control and robust design seek to keep on target while minimizirapility.

These are hard problems precisely because the modeling must take into account the variation in the
natural environment where the mechanism of interest (share, product etc) must operate. The notion

of robustness is key.

Risk is a cornerstone afiodern statistical theory under the banner of Bayesian methods. There the
framework of utility is used in the first instance to gauge how well a statistical procedure, such as
estimation or testing a hypothesis is performing. A great advantage of the rdstisotheir ability to
update a judgment of uncertainty with objective data, via the celebrated Bayes theorem.
Importantly, the methods also apply outside formal statistical methods to cover any action which
may be taken on the basis of the data, not juke statistical modeling actions. Interestingly,
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Bayesian methods have made great use of advanced Monte Carlo method to perform the necessary
conditioning and integration which are part of the machinery.

Nonstandard methods or representation

Whether Bagsian or more classical in the use of statistical methods in UQ the underlying expressions
of risk are based on probability theory which has a very firm foundation. However this sometimes
considered to be too strict a framework. This applies particulaslysubjective assessment. Why
should the rather vaguer feelings that express ones-katiwledge of unknown parameter or future
events necessarily be best expressed by probability? A number of alternatives have been suggested.
The two best known aréuzzylogic in which membership of a class becomes to key indicator and
leads to a special way of manipulating sets agber and lower probabilities/hich, as the title
indicates, give upper and lower set coverage probability rather than probability attactsét. &hat

is to say the sets are random rather the parameter. This method has lead-dallsd Dempster
Schafer belief functions which sit somewhat between Bayesian methods and fuzzy methods. In the
KFIyR&a 2F SELISNIa& Ay aYSlikppilkdihg ah@ecdhomicd departnderits\ y 3
there are many extensions of these ideas, see [5].

Stochastics

This is the study of stochastics processes and has been mentioned several time but deserves it own
section. There have been huge developments in ibklfand UQ cannot ignore them. The largest
advances has been made within financial mathematics which has lead to a microcosm of UQ and
where we have seen many of the pitfalls played out. Thus, there is a hazardous and difficult to
describe economic envirment into which advanced mathematical models have been led and which
have sometimes and catastrophically been found wanting. The risks have been huge. None of these
failures say that there is anything wrong with the mathematics and, indeed, there havedreat
successes: martingales and asset pricing theories, large deviations, extreme value theory, copulas and
various theories of risk. The UQ issues are, rather, about model validity, scope, timeliness etc all
connected with the gap between model and liea

Big models, big data, big risk

It is difficult to keep up with the sheer volume of activity arising fom access to very powerful
computers, very extensive data collection, and very large computer models. To make matters even
harderalongtermdeb& A& Gl {1 Ay3 LXIFOS 6SGsSSys (2 Lizi Al
that science proceeds by careful data collection via designed experiments and model validation and
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wild flowers, from the data. For the former the latter are simply unscientific, for the latter the
modelers are closeninded luddites. Of course, this is just alr@shing of an old debate which goes

back to Francis Bacon versus Arilgtoinduction versus deduction etc. But these matters will have a
profound effect on UQ. We see it in climate change: huge deterministic models based on physical
principals in battle with real weather data.

One positive benefit of the debate is that therde volumes of data, such as from social networks, is
leading to newtypes of model based on mathematical foundation rather different from the big

107



models from engineering which are often based on partial differential equations. These structures
are more dscrete: graphs, networks, combinatorics, geometries, ideas of complexity and hierarchical
models of various kinds. It is exciting that geometry, algebra and topology, usually considered as part
of pure mathematics are now being brought to bear on the egeat features in large data sets.
These also have a stochastic side such as random graph theory.

Conclusions

We briefly summarize some key points
1. UQ is close to risk as an area whenever there is a decision aspect
2. Sensitivity analysis of some kind isicat
3. The range of model types that UQ will need to cover is increasing and should include a
stochastic elements
4. Much can be learned from simpler surrogate models
5. Bayesian methods are valuable but other rstandard methods are useful.
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4.2 Prediction: Function and Limits

Introduction
J. Doyne Farmer

The guestion of how much can be predicted using GSS is a matter of considerable debate. On one
side are those who thinthat by their very nature complex systems are unpredictable, that forecasts

are necessarily inaccurate, and focusing on prediction is a waste of time. On the other side are those
who feel that, without the discipline of making quantitative predictionssidifficult to distinguish

good science from nonsense.

¢2 Lzl &42YS LISNRLISOGAGS 2y (GKA& RSoIFGS Al Aa ¢
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celestialmechanics, while a seasoned forecaster might interpret it to mean far weaker forms of
prediction. It is perhaps important to stress that prediction is often (perhaps even typically) not about
GSYLRNIf LINBRAOUGAZ2Y Ay (KS BoStyudd&stadding rel&ienghipy Qa |
between different quantities, which may not have any specified temporal relationships. A good
example being the ideal gas law, which simply states that at a given temperature pressure and
volume are inversely related. Thaeal gas law says nothing about how pressure or volume will vary
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in time, but rather it allows us to compress information because if we know the pressure, we can
then predict the volume.

Indeed, according to standard results in machine learning and statishe problems of prediction,
data compression and noise reduction are equivalent. This is not surprisihgt is possible to
compress data, then it means that it is possible from a subset of the data to predict the remainder.
From a quantitative iew a model is useful only insofar as it compresses data, and thus any useful
model has at least some predictive power.

Of course, it can be difficult to quantify the predictive power of a qualitative model. For example,
most people have models of theilose friends, which allow them to predict how they will respond in

a given situation- indeed we all use such models for people in general to avoid socially unacceptable
behaviour Such models are essential, but their value is hard to quantify.

One of the reasons why GSS has so much potential is that it offers us the possibility to make better
predictions, at least in the more general sense discussed above.

9y R 2F 528y SQa CI N¥SNJ
Market Prediction
By Armin Haas

Hayek is famous for &ihypothesis that a market is a very efficient device for collecting and
aggregating dispersed information. In recent decades, the idea of using the wisdom of crowds for
predicting the outcome of various events or processes spread. Thekhesin examplesre markets

for predicting election results.

The idea of setting up artificial markets for predicting the outcome of social processes has a long
history. Nearly 150 years ago, betting markets were organised for predicting the outcome of U.S.
presidentialelections. On these markets, contracts were defined for each candidate, which paid off a
fixed dollar amount in the case of the winning of this candidate. All other contracts of the non
winning candidates would pay zero. These contracts were traded oimbettarkets. The amounts
invested in these markets were enormous. The maximum was reached in 1916 with $165 million (in
2002 $), which was twice the total spending on the election campaign (Rhode & Strumpf 2004).

Rhode & Strumpf (2004) analysed US predidérlections between 1868 and 1940 and found very
successful betting markets with a remarkable forecasting performance although the information via
media was relatively sparse compared to today. In one case, only, the favoured canglidate
month before election¢ was not the winner.

With the rise of polling, these markets became out of fashion. Only in 1988, a modern prediction
market was conducted for the 1988 U.S. presidential elections (Forsythe et al. 1992). As this market
performed remarkably wél> A G 3 @S NAR&AS G2 Ylyeé Y2NB YINJ S
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2001). The good performance of political stock markets induced the spread of theemonf
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prediction markets to topics as diverse as macroeconomic risks, product marketing, political
instability, and military success (Fucik, 2010).

Typically, prediction markets concern outcomes that can be observed in rather short time, which is
necessgy in order to determine the pay off of the contracts traded on these markets. Fucik (2010)
suggested setting up prediction markets for events in the far future, like the outcome of climate
change in 2100. The Potsdam Climate Exchange (PCX) is a platfoexpérimenting with such
innovative prediction marketshitp://www.potsdamclimateexchange.ohg
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4.3 An Example of Theory Building : Cities

Michael Batty & Denise Pumain

In examining new theories of urban systems, we consider that we should divide our potential
research directions into a concern for interban location and interactions in systems of cities, and
then focus on what happens in terms of locations and interactions within the city system, in the intra
urban context. To an extent this reflects the way research has developed over the last half century,
and we intend to relax this distinction in this research by examining the extent to which common
theories can apply to this range of spatial scales. Moreover the dynamics in cities and in systems of
cities is somewhat different in that systems of citiesre@asingly display a global dynamics while
single city systems have their own competitive forces. The challenge of course in global systems
science is to figure out the extent to which a global dynamics involving all cities influences what goes
in in indivdual cities. This would lead to an integration of inteban and interurban theories.

4.3.1 Systems of Cities

Since their emergence a few thousand years ago cities were always a specific way of inhabiting the
earth by connecting places of diverse capaciteesd resources enabling a reduction of local
uncertainties through exchanges of goods, persons and information. The territories and the networks
they irrigated became on the whole larger and larger in scale during history with increasing intensity
and frequency of exchanges that at the same time rendered individual cities more and more
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interdependent of each other. When observed in consistent territories as nations for instance, these
GaeadsSya 2F OAGASa¢éd akKIFINB O2YY2yld Byl aSdtdng Sa A
hierarchical differentiation from a large number of small towns to a few huge metropolises; a
functional specialization following the uneven location of resources and historical path development
of places; and a pattern of growth ratebat are distributed almost evenly in territories having
homogeneous conditions of demography and economy. As since a few decades the upper part of the
urban hierarchies of different countries as well as a few specialized cities become more and more
engagel in a variety of exchanges through globalization networks, new challenges appear for policies
aiming at monitoring the development of this expanding global system of cities. The first one is the
growing divergence between urban hierarchies where citiesranked by their population and the

one where they are ranked according to their GDP: as the highest accumulations in production value
and income are still concentrated in the major urban nodes of developed countries that have finished
their urban transiton, the major cities of tomorrow in terms of population concentration are already
observed in emerging countries, especially in China, India and Africa with many cities of
unprecedented sizes (many of them above twenty or thirty million inhabitants) andeh
conurbations (megalopolises) concentrating from fifty to hundred million inhabitants in a continuum
of urban settlements; a second challenge is about how these cities may accommodate in decent
living conditions and working places the millions of rwarkers and new urban citizens who will
arrive in mass in the cities without increasing too much the already considerableuititaa social
inequalities; a third challenge is linked to the pressure exerted on planetary environment by this
unprecedented uban growth through resource and energy consumption at world scale.

If the urban dynamics and processes are comparable today all over the world, the qualitative form
and structure as well as the cultural aspects are still very different according togienrdecause of

the strong historical path dependence effect in the dynamics of systems of cities: for instance, Asian
cities are ten times more compact than European ones and twenty times more than North American.
As there exists nothing like any optingty size or form, different solutions have to be invented (and
many already are) for meeting locally these global challenges. There is indeed a need for a variety of
urban realizations that can share the same objectives but perform better adaptationriiyikting

to maintain the urban geodiversity. This intrinsic value of the variety of urban settlements is not only
linked to maintaining the urban heritage for touristic, geomarketing or patrimonial reasons but as
well for preserving the global capabyliof further urban evolution.

Challenges for research at the scale of systems of cities are at first in developing consistent data
bases for worldwide comparisons. This is indeed a huge task considering the diversity of urban
definitions and plurality oflocal systems of administration and governance that make all
guantification of urban facts a tedious although necessary exercise (still even inside Europe!). The
ySs aiaz201a 2F aGoA3d REFEGFE YIFe 0SS KSf LIFdz atonzi KI o
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urban entities (i.e., the spatial envelope of daily urban activities for a majority of urban citizens) is
absolutely necessary for modeling in a catravay the dynamics of systems of cities. Second,
dynamic modeling of systems of cities is necessary for envisaging plausible predictions of the future

of these open and heterogeneous systems. Knowing the numerous short term fluctuations and the
several deades duration of trends in the trajectories of individual cities, a reasonably long span of
time is required for observing and modeling their dynamics. New models that would link the urban
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and economic growth with scenarios of energy and resource consomphd pollution emissions at
continental and global scales are necessary for improving these predictions. Obviously, their
construction requires the collaboration of different sciences that are too rarely connected, including
all social sciences, enginmagy, ecology and climatology as well as complexity sciences. Finally, the
development of global networks has to be analyzed through a close comparison of their local
anchoring and transnational expansion, together with international regulations.

4.3.2 The City System

Cities are highly structured spatially usually with a predominant core around which land use and
economic activities are differentiated according to the extent in which different types can output one
another for access to the central core, whichdften the most accessible point in the city. This
differentiation can be reflected in concentric zones of various land use types where their density and
the prices or rents that they can command vary inversely with distance from the centre which is
usualy called the central business district in the modern city. This idealised pattern is explicable in
terms of a basic model of the urban economy where land use agents maximize their spatial utility
subject to various budget constraints. In fact the pattertgt we see in real cities can be
considerably distorted from this ideal type and in the last fifty years, the core of the city has
dispersed with new centres, sometimes called edge cities, appearing within the urban fabric thus
producing a polycentric gial organization, which in turn is further complicated by single cities
joining together in terms of ever larger agglomerations.

The various theories that explain these phenomena have been developed over the last fifty years and
are cast within a systesnapproach in which the various components of the city are tied together my
flows of goods and people which in turn have been modelled using various gravitational relationships
in which scaling laws are implicit. Many of these approaches however assurheitiea are in
equilibrium and thus more recently there has been a major effort to cast the development of urban
structure in a dynamic framework, drawing from complexity theory which enable the evolution of
city forms from the bottom up. Ideas from aut@ta and fractals form the essence of various new
simulation models of cities that have been developed.

The key problem for explaining how individual cities are influenced spatial in terms of their functions
and interactions in a global world, is how adtes taking place globally influence local spatial
locations. In large cities, sometimes called world cities, with a large proportion of global financial
services, decisions made globally impact the local structure and the challenge is to explain and
produce local differentiation in urban structure as a function of their position in the global hierarchy.
In short, we urgently require our models to be generalized to take account of the multifarious
network of global flows involving information, trade, andgmation as well as differences in local
culture and political practice.

The key challenge then of global systems science is to generate new models of how individual cities
which exist in a series of hierarchical systems of cities all the way from thene¢do the global

level, are able to function interdependently with the differentiation that originally took place within
individual cities now talking place at multiple levels of hierarchy across the globe. To explain and
more importantly to predict theglobal urban future, we need to employ the many new insights in
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network theory, migration theory, inpubutput modeling of various kinds, in scaling which focuses
on the shape and size of cities in this hierarchy, and the way in which city systems tevedvds

new forms with new problems that traditional styles of planning and management have dealt with. In
fact we need new forms of planning to address the many problems that a global distribution of cities
implies, involving questions of aging, migratioalative differences in income and GDP and a whole
host of global problems that are evident at the scale of cities. One challenge is to find new agencies
who command the political support to address cities that straddle national boundaries and new
institutions of planning are needed to address the challenge of the global city.

Only by employing the tools of global systems science can we get to grips with the problems of the
global city. In particular, this program will develop new models which will addréwe
interdependencies between cities at the world scale, examining how changes in flows which in turn
are manifested in networks can give rise to structural change which in turn can generate crises of
migration, trade imbalances, and population growthdadecline. We need to build models that
enable the new properties of the global city system to be reflected in their predictions and we need
these models to enable us to predict distinct bifurcations and catastrophes in the evolution of the
global systemn terms of cities. This is particularly relevant for Europe because the European system
of cities is still fast developing with cities finding new roles within the Community and of course
relating more general to other regions of the world in terms of tisgecialization and urban growth.

New urban models enabling such predictions should take account of new ideas pertaining to the
smart city and of course new data sources (big data) but should be built around the notion that other
themes and perspectives ithe GSS programme involving economic and climate science should be
reflected in the global urban landscape whose cities represents the key points where such challenges
an crises work themselves out.

4.3.3 Employing GSS to Establish a Science of Cities

Colin Harrison

It is a central belief of western civilization that we are capable ultimately of understanding the world.
Our understanding is not, at any given moment complete, but exists to a certain degree. Moreover
we believe that this degree will improve @vtime.

| am mindful of watching a BBC documentary at home with my father in the early 1960s. At that time,
the UK weather forecasting was based on observations and measurements from a number of
weather ships stationed well off the coasts in the Chantined, North Sea, the Atlantic, the Irish Sea,

and so forth. The BBC programme was about some British scientists who had the heretical idea that
they could use computers to forecast the weather. My father, who was not a particularly religious
man, was outrage, since as he believed, the weather was whatever God chose to send.

Indeed in the beginning computdrased weather forecasting was worse than the forecasts based on
the weather ships. But this was a great age of science and engineering and in the geanisighe
weather ships were complemented and finally replaced by satellite observations, by balloon sondes,
by Doppler radar, and by hundreds of mainland weather stations networked withugiahodems.

The power of scientific computers grew dramaticallyabling them to deal with ever greater
amounts of meteorological data and even more complex physical models of the air, the land, and the
sea. So more data and more computing power begat better models and better models begat better
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meteorological sciencema altogether they begat far better and higher resolution forecasts. Thus
today the 5 day forecast is highly accurate and even the two week forecast is valuable to many
purposes.

And so weather forecasting was added to the long list of areas of the Watdvere once viewed as
beyond human understanding and yet have proven to be understanding at levels that are not
complete or perfect, but that are nonetheless useful. Others include the solar system, the ultimate
constituents of matter, the many system$the human body, and so forth.

We find ourselves today in somewhat the same position as those computing pioneers of weather
forecasting. Our weather ships, if one may equate Jane Jacobs provisionally to a weather ship, are
being complemented by floodsf anformation from a vast array of sensors in the natural and built
environment, by government and industrial statistics, and by the chatter of the social networks.
Moreover we can now draw on some fifty years of increasingly realistic and accurate methods
representing, visualizing, analyzing, and simulating complex natural and human phenomena. This
body of expertise is gathered under the heading of Global System Science.

We therefore feel emboldened to hypothesise that it may be possible to develmeacg of Cities

by harnessing Global Systems Science to help us to gain insights from the floods of urban
AYF2NXIEGA2Yy D YIENE t2LILISNI RSTAYSR GKS aidl &dza 27
Until now this benchmark has been beyoadr reach, since we had neither the means to observe,

nor the means to structure (taxonomy) and analyse (test) our hypotheses. But the advent of the
Internet of Things and more specifically Smart Cities brings us within grasping distance of the
benchmark da Science of Cities.

Why should we want a Science of Cities? Because by the end of freeftliry the vast majority of
human beings will live in urban rather than rural areas. In this century we will construct as much
urban capacity as has ever prewsly existed on the planet. Finally the cities that we build in this
century together with those already existing will probably serve global society for many centuries. It
is time that we had a Science of cities to enable us to get the design, construgfieration, and
management of our Cities right so that all citizens, wherever they may live, may have the best
opportunity for a safe, healthy, prosperous, and sustainable life.

Hypotheses

The problems that GSS proposes to attack across all domair{seitively) old, of very large scale
and complexity, are due in large part to human behaviour, and cross many academic disciplines. That
they have not been solved already is not for want of intellectual effort. A central question that GSS
must address theefore is why it expects to succeed where so many other methods have failed. We
give here a number of hypotheses that a GSS research programme must test.
1) GSS provides methods and perspectives that will allow discovery and definition of formal
descriptionso 1 @ LJ2f 23& 3 (Il E2y2YéX0u 2F OAGASad ¢KS&S
for the integration of the large volume of existing knowledge about cities. This line of research

12 Popper, Karl , fScingcues and Refutatins ¢1P6eB)i Fomdason o, Co
http://www.stephenjaygould.org/ctrl/popper_falsification.html
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2)

3)

4)

will reveal archetypal patterns of structure and processes in cities that hakerto been
obscured. We acknowledge that there are many existing typologies and taxonomies of
cities™. A similar situation prevailed in the early years of genomics and proteomics. One of the
breakthroughs that accelerated the sequencing of the humamoge was the invention in
Information Science of methods and tools to cross map such information structures thereby
enabling all researchers to share a much larger body of data.

A crucial aspect of the challenge in Urban Systems comes from the increeaiegfcities

with MegaCities such as Mexico City, Tokyo Metro Region, and Nairobi reachB@radlion
people. GSS will provide a channel for integrating successful methods developed in other
disciplines for dealing with systems of extreme complextyr example, GSS might work in
Computer Science on the design of information flow in large semiconductor chips, where the
feature count today is measured in billions. The semiconductor design community has
developed powerful tools for exploring and plangithe flows of information in such complex
semiconductor systems. We anticipate that such cissiplinary methods will bring much
innovation to the application of GSS to these complex probtémsest it be objected that
transistors are deterministic nchines, whereas in cities we are dealing with the behaviours
of millions of people endowed with free will, we note that that at nanoscales the properties of
individual transistors are probabilistic and yet it is still possible to produce meaningful
simulaions of entire chips.

GSS will foster a positive spiral of interaction between new theoretical structures and new
experimental methods. The formal structures will provide the frameworks for integrating new
information emanating from new experimental meth@dased on Smart City sensors, the
Internet of Things, social media, and other novel sources of information. This is the modern
analogue of the weather forecasting anecdote.

As archetypes or references patterns emerge they can be validated across larpersuoh
instrumented cities and from this will emerge the deviations from the norm that endow
different cities with different characteristics. GSS will begin to identify the pathology of cities,
diagnostics to determine the pathology of a given city, amdntually methods to remediate
under-performing cities.

Point of View

1)

We consider a city to be a complex organism that is developed and exploited by its
inhabitants in order to fulfill their lives. Specifically, we consider a city to be a metaphor for a
biological system, such as the human body, with-sytems that scale down to the levels of
biological cells and atoms. The biological system contains complex infrastructures that
interact by passing information to perform processes that produce (gengrdigirable
outcomes that serve the various needs of the system and of its external networks. The cell
consumes resources from its environment and both produces needed synthesized materials
as well as waste and kproducts. The emerging system of systemmlerstanding of the
structure of biological systems motivates the development of new instrumentation and

13

We acknowledge the body of knowledge produced by urbanists, particularly the New Urbanists, on classifying

patterns of urban land use and layout #mslwork will certainly need to be integrated into these studies. However, we
think here more broadly in terms of a wide variety of structural and functional taxonomies and typologies.

14

describes hierarchical relationships between entities that seek to communicate and the types of networks that connect them.

Rent 6 s HMHp/lerwikipedi.erg/wiki/Rent%27s rule Rent 6 s Rul e falls within

While it origins go back to the 1960sis still releant to the design of modern chips that include several billions of features.
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experimental method and contributes to the direct understanding of how the biological
system works.For many centuries most people did not believe thae would ever
understand how the human body works and indeed there is still much to learn. Many had
attempted to understand just the circulatory system, but disagreement reigned until the
experiments of William Harvey proved that the blood flow througk tieart and the lungs

into the arterial and venous systems and returns to the heart.
By the early 28 century much was understood about mammalian cells, about the <types of
molecules> found in them and the many thousands of varieties of cells. But the
instrumentation did not exist until the 1950s and 1960s to begin to discover the architectures
of cells and even more recently to begin to enumerate the many biochemical processes that
regular individual cells and in turn influence the regulation of the whubely. We find
ourselves today suddenly blessed with new instrumentation and new methods for discovering
the archetypal structures of cities and tpeocessedy which they regulate themselves.

2) In this analogy, we consider cities to be complexes of naamdlbuilt infrastructures. These
infrastructures support processes that are combined by the inhabitants to perform their
desired or delegated tasks. We may call these processes Urban Systems or components of
Urban Systems. The discovery and formal desorip of the archetypal patterns of
infrastructures and the resulting Urban Systems are a central goal of Global Systems Science
in this domain.

3) The exploitation of these processes consumes raw or processed resources that are extracted
FTNRY GKS aCehvirohrfeht, synthéstzadifrom such raw resources, or imported from
GKS OAGeQa GNIRAY3I ySiig2Nl e ¢KS SELX 2AGE GA 2,y
or byLINP RdzOGa GKFG FNB LI aaSR G2 |y20iKSNI LINE
envNEYYSyYy G 2NJ SELRZNISR (2 G(GKS OAGeéQa (N} RAY
contributes value to the Triple Bottom Line.

4) We may visualize these processes as activities on a set of geospatial layers beginning in the
natural environment and exteding upwards to the layers of Social Systems consisting of
cultural, economic, and social activities. There may be some hundreds of these layers,
NELINB&SYGAy3a (GKS OAaGeqQa O2YLX SE adNHzOGdzNBa
simplified visuérepresentation of this construct.

5) In addition to resource consuming processes, cities are and always have been Information
Processing systems that exploit this inherent human capability to create many kinds of value.
Some Urban Systems may be (almostjepu Information Processing systems. Information
itself contributes both directly and indirectly to the Triple Bottom Line. ICT adds to the
inherent human capability for Information Processing many new capabilities for the capture,
communication, and anadys of information flows within and among cities.

6) The inhabitants use the Urban Systems by composing choices among those systems that are
known and accessible to them to complete sets of tasks that they generate themselves or that
are delegated to them bgthers, perhaps as part of a job.

7) The processes whereby the inhabitants individually or collectively make these decisions are
guided by social norms, municipal policy and laws, and personal preferences. The
establishment of these norms, policies, laws, amnelferences fall outside our competence.

8) 9 OK AYKIOoAGlyiQa OK2A0Sa 2F K2g G2 SELX 2AL
flows of information and in turn generate further flows of information. In addition to Hutitst
flows of information, we cosider also the intecity flows of information that mediate trade,
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the flow of human and financial capital as well as modulating the exploitation of the internal
Urban Systems. These information flows, together with the formal representation of the
infragructures, provide a complete description of how the city works. They form a complete
analogue of the biological cell.

9) These factors of resources, processes, information flows, types of actors, and others can be
studied at progressively increasingly levetgletail. As more information becomes available,
more detail can be extracted about the structures and processes.

10)There is a very large amount of work to be done to discover the archetypal pattern and
LINAY OALX S& 2F OAGeQa Icfiditylléigtys franRthedayhRtGodand | v R
how these deviations add to or subtract from the Triple Bottom Line. As with biological
research, the existences of a complete theoretical framework will provide motivation to
structure and filter the large bodyf@xisting knowledge about cities and to develop and apply
new experimental techniques that will refine and extend this knowledge.

This Point of View leads us to a highel process model for the application of GSS to the
development and application of &cience of Cities as shown in Figure 2. At the heart of the model are
the flows of information that are increasingly rendered visible through the digital media that
represent and transport them. Across many cities of varyig typology, this informatiorptisred,
structured, integrated, stored, and studied for possible structural and behavioural patterns. From
these patterns the various interested disciplines may conjecture common principles of cities and test
these hypotheses using the experimental infotioa to test or refute these.

Goals

1) To establish a foundation of understanding of the common and distinct features of cities
around the world from the perspective of GSS.

2) To establish understanding of how observable differences in the structure and apemait
' ND Iy {eadSvya o6AGKAY | OAGe O2yGNRo6dziS G2
line.

3) To establish understanding of how observable differences in the structure and operation of
Urban Systems between a city and its environmental, culiusald economic partners
O2YyGNAOGdzGS (2 GKS OAleQa 2dzid2vySa Ay GSN¥a :

4) To develop general diagnostic and predictive tools that can be customized and applied to
AYLINR @GS GKS OAleQa 2dzio2ySa Ay GSN¥Ya 2F GKS

5)

Programme of Applied GSS Research on Urban Systems
1) To identify a typology of cities in terms of their size, GDP, or other global characteristics,
leveraging prior research studies in Urbanism.

2) ¢2 ARSYOGATE | aLKeaAz2f23&¢ 2 d&nsphenomedaandityat G S NJ
shows the common features with a given typology, including types of network structures
found.

3y ¢2 RS@GSt2L) GlE2y2Yeé 2F ! Nbly {eadasSvya GKI G

infrastructure in terms of a stack of GIS layers repnéisg different aspects of its natural and
built environment and so forth as shown in Figure 1.

4) To develop increasingly detailed descriptions of the hierarchies of processes that exploit the
resources and suprocesses of these layers to produce Urban &wst and to define a
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programme for the progressive aggregation, integration and development of various kinds of
simulations at various scales.

5 ¢2 RSGSN¥YAYS K2g (GKS Oicimetwithitiiose of ithllietwgik of & a G S
trading partners and to @velop archetypal patterns of information flows among cities.

6) To refine from these observations archetypal patterns of infrastructures, resources, and
processes that represent an idealized city or sets of such patterns that can cover the observed

typologyof cities.
7) To apply the patterns and principles emerging from the above work to create common but
OdzatG2YAT FoftS G22fa F2NJ YFLIWAyY3 + IABSy OAdGe

archetypal patterns and to analyse how and why the city desifitem these patterns.

8) To describe the pathology of these deviations and determine how they improve or impair the
short- and longterm performance of the city in terms of the Triple Bottom Line.

9) To explore new theories of city governance based on insighis integrated systems studies
with special focus on governance of MegGdies.

10)To interconnect these GSS models of Urban Systems with other applications of GSS, for
example in climate, energy, and finance.

11)To extend GSS itself by learning from theseliappon to Urban Systems.

Social Systems

Commerce Culture Policy

Services

Building
Energy  Water  Transport Services e

People

~ Information

Resources

(@] Minerals

Infrastructure

Land Use Roads  Buildings Utilities

Figure 1: One way to visualize the organic structure of a city is as sets of activities on a large (order of
100s) set of GIS layers. These layers extend from the Natural Environment up to the Social Systems.
Activities onall layers generally draw upon resources emanating in lower layers, pass-ealded
resources upwards and waste or-pyoducts downwards.
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Figure 2: An illustration of the paths to understanding that can result from a GSS perspective on
Urban InformationFlows as core indicators of the life of a city or urban region. It shows the several
LISNELISOGAGSE o¢l E2y2YeXxodtcellR2t2380 GKIFEG OFy 685
and professions that can then exploit the insights produced from thisragch and to create
collectively a Science of Cities.
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5 Towards a Research Programme for GSS

We begin to have sound elements for a theory of global systems. These systems are multilayer
networks whose structures change stochastically through time. Anmiag route of theory building
identifies some of the nodes in those networks with hun@mdividual and/or collective; agents,

others with artefacts like buildings or computers, and still other ones with elements of the
environment like the Himalayasr dhe WestAntarctic ice-shield. Human agents may belong to
families, nations, occupational groups and other networks. Agents can die and be born, including the
possibility that lower level agents form coalitions that operate as higher level agents. ke g
moment in time, an agent has some goals, a limited perception of the overall system, limited memory
of its past behaviour, an action space dependent on resources of the agent, and possibly an internal
model of the system as a whole.

The interactionbetween agents can then be described by means of game theory, with each agent
playing iterated games with samples of other agents. The outcome of each iteration modifies
perception, memory, resources and possibly goals and internal models. Agents lelarfidmttheir

own experience and from observing others, with imitation being more frequent than individual
learning. The topology of the overall network represents the existence of nations as well as of global
interactions via markets and via other channetluding the global ICT structure.

{ AYyOS 5 A 2HreakinyJar@liisis bil-cénfputational systems with distributed control, much
progress has been made in analysing the kind of networks sketched above. In particular, work on the
evolution of conventins has shown how multiple basins of attraction can be identified and
investigated, including transitions from one basin to another or chaotic trajectories between them.
By means of algorithmic game theory, speeds of convergence can be estimated and edmaptire

effects of random shocks. Accepting that on actual markets goods trade at prices set by individual
agents allows to applying this framework to market interactions.

This approach can be used to study computer networks, including the interreetw®le. It can also

be used to study other global systems, with computer networks themselves becoming possible
models of global systems in genecalhile keeping in mind the challenge of identifying the scope of
application of models by means of suitabiarratives.

In developing these kinds of ideas, there is the challenge of increasing the epistemological awareness
of the GSS community. Is this community aware of all the different contingencies and partiality of all
different types and sources of knosdge (social sciences, mathematics, engineering) which need to

be considered in GSS? And are we aware how this should help GSS practitioners and society at large
to make sense of the tools that we develop and help us to get the right signals from sauieiypm

the other scientific community to develop such tools? This is a challenge about how we frame the
making of GSS, and what we can expect from it.

In Europe many tend to think in terms of civil society versus the state, but this may not be an
accurde way of thinking the world today. We now live in a more knowlellgsed and information
society, so we need to focus on networks of professioals avoid superstitious ways of public
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engagement. We can do that in GSS, e.g. in medicine and healtamesuiThat is it is not enough to
consider people in their role of citizens, but also as professionals. GSS then can become part of the
toolkit used by professionals and citizens of the future to gather, organize and use thehavow

they will need to dealvith the global systems that will be pervasive elements of their lives.
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