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Towards a GLOBAL SYSTEMS SCIENCE
‘Why don’t we do what we know we should be doing?’

(Joseph Tainter in ‘Why do complex societies fail?’)
 “Revolutions do not happen when a society adopts new tools but only when it adopts
novel behaviors. For IT most of that change is still in the future“(Clay Shirky)
"It is nice to know that the computer understands the problem. 

But I would like to understand it too"(Eugene Wigner)
Global Systems Science (GSS) is a response to two major 21st century developments, one societal and one technological: The increasingly global and highly interconnected nature of challenges facing humanity and the pervasiveness of Information and Communication Technologies – ICT - in all human and societal endeavors.
Public policy making and society at large addressing challenges, like climate change, financial crisis, governance of pandemics, food security, or energy sufficiency suffer from an intrinsic difficulty: impact and unintended consequences of public action are increasingly hard to anticipate. The reasons are well-known: These challenges are 'global', 'borderless'; they are shared worldwide and tightly connect policies across different sectors. In a highly interconnected world, a ‘system of systems’, societies tend to address subsystems and so fail to achieve systemic change. This is the case in policies for cities where we tend to address subsystems separately but equally for climate systems or the financial systems and the (neglected) interdependencies between them.
How can we base public action on better evidence and where would this evidence come from? To help addressing such system issues, the goal of GSS is to provide scientific evidence in support of system-wide policy options and thus provide options for society that are significantly better suited to tackling the emerging system-wide risks from global challenges. The ICT engines behind that make such an attempt feasible now are large-scale computing platforms to simulate highly interconnected systems and data analytics for Big Data to make full use of the abundance of data on social, economic, financial, and ecological systems available today. 

If science must provide scientific evidence for public action it increasingly must drive societal debates and engagement of stakeholders. Often today, the evidence on which to base public action is provided by citizens themselves (see USHAHIDI, Google flu predictor etc). We are approaching an era where global problems will be solved by a joint action of policy makers, scientists, business, and citizens.
GSS must therefore pay special attention to, and critically reflect on, its interface with all societal stakeholders. Providing evidence will be as important as ensuring trust and commitment, and thereby credibility and legitimacy of evidence provided.  A guiding characteristic of GSS is therefore the involvement of policy makers and civic society throughout the process of gathering and analysing evidence. 
The ICT tools behind that make such broad engagement possible today are online social media and collaborative ICT platforms –crowdsourcing - that allow stakeholders – policy makers, industrial player, and citizens - to gather, analyse, and share a variety of environmental, economic, and social data and allow them to collectively engage in societal action.  
GSS is thus combining two complementary strands to address global challenges effectively, both deeply rooted in new capabilities made possible by ICT:
(i) Policy informatics: ICT tools to provide an evidence-base for decisions in a highly connected world based on systems thinking and rooted in data
GSS will develop advanced simulation of interconnected systems linked into various heterogeneous data sources on interlinked social, economic and ecological systems. The computational capacity to gather, integrate, and correlate, large amounts of 'Big Data' will ground such efforts in all the data available. 
 (ii) Societal informatics: ICT facilitating social and policy processes and altering the way in which decisions can be made
ICT offers new tools to produce, and share information and new ways of learning. Social media and participatory ICT platforms facilitate societal and policy responses to global challenges by encouraging participation of stakeholders in acquiring/analysis of scientific evidence. GSS with the help of ICT will analyze the complex decision processes in society and policy that lead to decisions in response to scientific evidence or in response to crisis. GSS will as well put to use the capacity of ICT to engage collective action. 
GSS will initially analyse a few selected policy areas as use cases: dynamics of financial markets, urban systems dynamics, and climate change impact. In these policy areas possible uses of GSS approaches will be discussed in tight connections with pertinent decision bodies, in particular the policy directorates in the European Commission. This requires a multi stakeholder approach in which key stakeholders are involved in setting the research agenda, collecting and interpreting data, and communicating conclusions.
Appendix 1: The twofold role of ICT in the research agenda of GSS
(i) Policy informatics: Models and Big Data to tackle global challenges
The creation of advanced simulations that reflect factual conditions and include human behaviors in the model will drive scientific evidence. Pertinent data may stem from diverse heterogeneous sources including sensor networks, mobility data, demographic, financial transactions, socio-economic data, ecological/energy data, even data on human decision making. etc. Capacity to analyze and to reconstruct networks will be an important tool in decision- making and in analyzing resilience of systems. Tools for data visualization will make model results more readable and accessible to stakeholders. 
Many challenges remain to be addressed: integrated metadata management, mathematical methods to analyze Big Data, ICT platforms to execute large-scale models, model validation tools both in terms of assumptions, limitations, context dependency of models to ensure their consistency and empirical validity, tools to gather/integrate across heterogeneous data sources. 
(ii) Societal Informatics: ICT tools to understand better decisions processes in society and policy and to facilitate collective action: From models & data to societal action.
ICT is stimulating fundamental changes to practices both in society and in the social sciences. ICT, in particular the web, provides a social space for global coordination in reaction to global challenges and allows new forms of societal/collective organization. 
The web is increasingly becoming a social laboratory - in which opinions can be formed and decisions tested.  Online social media will encourage participation of stakeholders and increase their involvement in elaboration of models and gathering of data. Collective data gathering (see e.g. Ushahidi) will allow generating knowledge collectively often replace models in the traditional sense and allow faster reaction to crisis (see e.g. Google analysis of spread of flu, or prediction tools using the web).
ICT will thus also change dramatically scientific practice in the social sciences by providing an abundance of interlinked social, economic and ecological data as a step between simulation and observation.
Games and Gamification will be a new medium to engage into necessary reactions to model inputs and will thereby help stimulate societal action in response to evidence from models and data. 
Learning is at the basis of our ability to construct models of our reality and take decisions: Social learning and global communities of learning will be of the essence. 
Appendix 2: Case studies of use of GSS in some policy areas
GSS will, in selected policy areas, challenge serious cognitive limits in the face of global risks and opportunities. These areas are selected to reflect the need for global approaches. These limits include the widespread belief that present institutions – nation states, regulated markets, and international bodies–will be sufficient to tackle the global issues if only informed by appropriate knowledge. GSS will address such limits in chosen policy areas via appropriate novel models, extensive use of data and new modes of interaction between stakeholders and scientists.
 

1. Economic Modeling after the financial crisis: Purposeful economic model development after the financial crisis is a pertinent and urgent domain. The globalization of the market economy is putting demands on policy makers to make decisions for which available tools are giving insufficient guidance. The real economy is globalized and integrated to a much greater extent than what prior models had accounted for. The interdependencies within the financial system and the tight links of the financial systems with all sectors of economy have lead to dangerous chain reactions and contagion of crises not anticipated in current economic models. There is thus clearly a need to base economic policies on a larger variety of system models and on data that elucidate the network structure of the global economic system. Network analysis becomes an important tool of decision making in economics. New concepts and tools – for instance to analyze the network of actors in financial markets - will be developed in collaboration between researchers in GSS and policy bodies.  
2. Environmental and climate change: To date, most modeling of global change has been concerned with the environmental dynamics of the Earth system. But even in that sphere, most models are sectorial or regional, and do not take the global dynamics sufficiently into account. The societal dynamics, which are the ultimate drivers of the environment, have rarely been linked to the environmental ones. Partly due to the different (non-quantitative) nature of many social science data, partly due to the current state of the social sciences, this situation is highly concerning. Combining Big Data – in particular those from recent efforts in sensor networks- and high-powered modeling to achieve a better understanding of changing environmental and social dynamics is an urgent need to design more effective policies in the domain of sustainability. 
3. Urban dynamics: Many of the world's current challenges are directly related to the rapid urbanization that is fundamentally changing the way of life of large numbers of the Earth's inhabitants. Urban dynamics are complex systems dynamics that do not differ in essence from those of the financial system, the environment or decision-making. They are global both in terms of their worldwide importance and in terms of the various policy areas they cover.  A combination of thus far unseen Big Data from various sources (smart girds, mobility data, sensor data, socio-economic data) with dynamical modeling will pave the way to new policy suggestions in urban planning.
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