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Foreword
The OECD Science, Technology and Innovation Outlook 2016 is the eleventh in a biennial series designed to review key trends in science, technology and innovation (STI) in OECD countries and a number of major non-member economies: Argentina, Brazil, China, Colombia, Costa Rica, Egypt, India, Indonesia, Lithuania, Malaysia, Peru, the Russian Federation, South Africa and Thailand. It aims at informing policy makers, business representatives and analysts about recent and anticipated changes in the global patterns of science, technology and innovation and about the current and possible future implications for national STI policies both at global and national level.
The STI Outlook 2016 takes a more forward-looking perspective compared to previous editions. Chapter 1 considers megatrends that are expected to have a strong impact on the global economy and on the financing of innovation, on our future society and its relationship with STI, and on the modern state and future STI policy. Chapter 2 discusses tenkey emerging technology trends that not only are the most promising and potentially the most disruptive but which also carry significant risks. The technologies covered are big data, the Internet of Things, artificial intelligence, additive manufacturing, nano/microsatellites, neurotechnologies, synthetic biology, nanomaterials, advanced energy storage technologies and blockchain. Chapter 3 presents future trends in science policy over a 10-15year horizon and takes a forward-looking approach to issues related to multidisciplinarity, excellence, targeted funding, open science, the digitalisation of science and the attractiveness of research careers.
The STI Outlook 2016 also presents recent trends in STI in light of the fragile economic recovery, the scarcity of funding for innovation and entrepreneurship, mounting fiscal pressure, globalisation and major societal challenges (climate change, ageing societies and growing inequality). Chapter 4 presents an overall assessment of recent developments and the outlook for STI and policies across countries. It introduces a series of thematic STI policy profiles that provide a cross-country comparison of specific STI policy orientations, instruments and governance in the OECD area and beyond. The STI country profiles offer insights into national innovation systems: their structural characteristics, their STI performance benchmarked against selected harmonised indicators, and recent important developments in national STI policy. The focus of the profiles is on national STI priorities and initiatives introduced from 2014 to 2016.
The STI Outlook 2016 draws on the OECD’s most recent empirical and analytical work in areas related to innovation and innovation policy. It makes use of the responses of member countries and non-member economies to the joint European Commission/OECD International Survey on Science, Technology and Innovation Policy (STIP), formerly the biennial STI Outlook policy questionnaire. It builds on a statistical framework of over 300STI-related indicators, drawing on the OECD’s long-term efforts to build a system of internationally comparable metrics to monitor STI policy and on recent efforts to develop more experimental STI indicators.
Finally, the STI Outlook 2016 is one of the main pillars of the OECD-World Bank Innovation Policy Platform (IPP), a web-based interactive space that provides access to open data, learning resources and opportunities for collective learning about innovation policy.
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Executive summary
Tomorrow’s world is set to be of another kind. Powerful forces, rising from deep socio-economic, environmental, technological and political trends – so-called “megatrends” – are influencing developments in economies and societies, shaping our future, often in unexpected ways. These multidimensional, mutually reinforcing and sometimes opposing megatrends will affect the direction and pace of technological change and scientific discovery and influence future STI activities and policies.
Megatrends are shaping future STI capacity and activities
Ageing societies, climate change, health challenges and growing digitisation are, among other factors, expected to shape future R&D agendas and the scope and scale of future innovation demand. Novel markets are likely to emerge, creating new skills needs and new growth and job opportunities. New approaches to sustainable growth, e.g. through the circular economy, are making their way.
The fast pace of economic development in emerging economies, coupled with the cross-border activities of multinationals and a further fragmentation of global value chains, will also favour a broader distribution of STI activities across the planet. Global competition for talent and resources will most likely intensify, as will the production and diffusion of new knowledge. Existing centres of excellence may benefit from this competition, further concentrating the best talent and resources at the expense of less competitive places. 
STI activities could however be confronted with strong resource constraints. Possibly insufficient growth in developed and emerging economies, as well as competing policy priorities and agendas, may limit the financial resources available. This could compromise the role of STI to address future challenges. Similarly, an ageing population, together with changing patterns in migration, will have uncertain consequences for the availability of STI skills. 
The megatrends raise urgent issues that demand policy responses, but the capacities of governments to intervene will likely face major constraints, including high public debt, increasing international security threats, a possible erosion of social cohesion, and the rise of influential non-state actors that challenge their authority and ability to act.
Technology is set to disrupt societies, with uncertain outcomes
Future developments in STI could accelerate, intensify or reverse megatrend dynamics. But these developments also have the potential to offer solutions to the challenges we face. For example, globalisation will be further enabled by advances in communications and transport technologies; income growth will be increasingly driven by STI developments; reductions in CO2 emissions will depend on the development of new, cleaner energy technology; and improved health outcomes and increasing life expectancy will heavily depend on health technology innovation.
On the other hand, emerging technologies carry several risks and uncertainties, and many raise important ethical issues, too. STI developments could exacerbate inequalities without wider innovation diffusion and skills acquisition. Developments in artificial intelligence and robotics raise concerns around future jobs; the Internet of Things and big data analytics around privacy; 3D printing around piracy of intellectual property; synthetic biology around biosecurity; and neurosciences around human dignity. 
Still, emerging technologies are expected to have wide impacts across several fields of application and will often depend on other “enabling” technologies for their development and exploitation. Technology convergence and combination could be further helped by cross-disciplinary working arrangements and skills training. 
Public science has a central role to play, provided it can manage its own transition
Public sector science will continue to play pivotal roles in developing knowledge and skills for exploitation in the wider economy. But it will also undergo its own transformation. Emerging technologies are opening up a new age for research. Big data and algorithms are generating huge amounts of data, changing scientific methods, instruments and skills requirements and creating new fields of research. 
Open science is the next frontier. Open data access practices are increasingly widespread. Encouraging the sharing and re-use of research data could generate more value for public money. Science is also becoming a less institutionalised endeavour, with citizens conducting their own research alongside the scientific community. However, deep changes in academic culture will be necessary to realise the full potential of a more open science. 
Funding issues will evolve. The proportion of public spending that goes to R&D is unlikely to increase, and a decline in the public funding of universities is already noticeable in many countries. Public science will need to find new sources of funding, including from philanthropists and private foundations, and this will have impacts on future public R&D agendas. Research careers will also remain precarious, especially for women, with consequences for attracting future generations of researchers. 
Today, policy attention remains focused on immediate economic imperatives and efficiency gains
The recent financial crisis hit STI activities hard, and the subsequent rebound has remained weak. Financial conditions for innovation and entrepreneurship remain difficult, especially for SMEs.
OECD countries and non-OECD economies have placed considerable emphasis on supporting firms’ capacity to innovate. Many countries have sought to consolidate their business support programmes to make them more accessible and more cost-efficient. Several governments have also adopted a “no-spending” approach in supporting innovation, e.g. through extensive use of fiscal incentives and public procurement. Many countries have also adjusted their policy portfolios to assist SMEs and start-ups, especially for accessing global markets. There is emerging evidence of a trade-off in the allocation of public support between firms on the one hand and public research on the other, with a growing share of the total budget going to the business sector. 
The picture nevertheless differs across countries, and the gap between countries on a low-growth path and those on a high-growth path is widening. Even within Europe, noticeable cross-country differences in investment profiles signal a growing threat to the cohesion of the European Union. Governments are seeking to improve the efficiency and impact of their STI policy mix, giving increasing attention to policy evaluation and new data infrastructures to improve the policy evidence base. 
Governments will increasingly work with wider society to shape and exploit STI
Governments are increasingly managing the risks and uncertainties around emerging STI developments by adopting more “responsible research and innovation” (RRI) policies. RRI principles have diffused into policy agendas, funding programmes and governance arrangements, integrating ethical and social considerations “upstream” in the innovation process.



Chapter 1. Megatrends affecting science, technology and innovation

This chapter describes and analyses the main global “megatrends” that are set to have a strong impact on societies and economies, including science, technology and innovation (STI) systems, over the next 10-15 years. Megatrends are large-scale social, economic, political, environmental or technological changes that are slow to form but which, once they have taken root, exercise a profound and lasting influence on many if not most human activities, processes and perceptions. Such relative stability in the trajectory of major forces of change allows some elements of a likely medium-to-long term future to be envisioned, at least with some degree of confidence. The megatrends covered in this chapter are clustered into eight thematic areas as follows: demography; natural resources and energy; climate change and environment; globalisation; the role of government; economy, jobs and productivity; society; and health, inequality and well-being.


Introduction

Our future is uncertain, shaped by a multitude of powerful, complex and interconnected forces, and eventually altered by improbable, unpredictable and highly disruptive events. Seen over a time horizon of say 10-20 years, some of the big trends we see unfolding before us are in fact quite slow-moving. These are megatrends – large-scale social, economic, political, environmental or technological changes that are slow to form but which, once they have taken root, exercise a profound and lasting influence on many if not most human activities, processes and perceptions. Examples are global population growth and urbanisation, or the ageing of societies in many parts of the world; the warming of the planet and rising sea levels or the acidification of our oceans and seas; the deepening of globalisation; and the growing momentum of digitalisation, big data and bioengineering. 

The relative stability in the trajectory of these major forces of change allows us to envision at least some elements of our likely medium-to-long term future with some degree of confidence. What often tends to shake that confidence, at least temporarily, are disruptive events. These come in a multitude of forms and include natural disasters and catastrophes and events related to human intervention, e.g. sudden peaks of violence, large-scale accidents, and economic and political crises. Such events are difficult to build into trend projections, and so are often treated in forward-looking exercises as “wild cards”, defined as high-impact events that are unpredictable or unlikely to happen. Potentially disruptive scientific and technological innovation frequently find a place in forward trend studies, not least because they often occur as an extension of, or as a marked departure from, existing science and technology (S&T) trends. Ultimately, it is how megatrends and disruptive trends – especially in the field of S&T – interact that will set the scene for the coming decades. It is for governments, business, researchers and citizens in general to reflect on what the interplay of such trends means in terms of opportunities to be seized and challenges to be met.

In this regard, foresight can be a useful tool for developing and implementing forward-looking research and innovation policies. Analysis of future trends, whether derived from extrapolations, simulations, projections or scenarios, can provide important insights for the future. Foresight can offer support and guidance for decision makers and investors, and alert policy makers, the business community, researchers and society more generally to important upcoming issues. The interpretation of future trends, however, always needs to be done with care: they do not foretell the future, but merely indicate how the future might evolve under certain conditions and in a given subject area. By bringing together and closely examining the interplay between trends in different subject areas, it is possible to assemble a somewhat fuller picture of possible futures. This can strengthen the basis for developing narratives or storylines, which in turn can enrich our view of where the world is heading and what challenges and opportunities may lay on or beyond the longer-term horizon. 

This chapter covers those megatrends that are expected to have a strong impact on science, technology and innovation (STI) systems. The megatrends covered are clustered into eight thematic areas, as shown in Figure 1.1. While the time horizon adopted in this STI outlook is 10-15 years, several megatrend projections presented below stretch somewhat longer into the future. This in part reflects the availability of data. It also reflects the fact that large discernible changes for some megatrends are best seen over longer time horizons of 20 years or more. Irrespective of the time horizons adopted, there are implications for STI policy today. Indeed, this focus on the need for policy (re)orientation has guided the choice of megatrends featured below. 

By way of overview, some of the main megatrends covered include the following:


	Demography: The world population will continue to grow in the 21st century and is expected to nudge the 10 billion mark by mid-century. Africa will account for more than half of this growth, which will generate significant youth bulges. Elsewhere, including in many developing countries, populations will significantly age, and those over 80 will account for around 10% of the world’s population by 2050, up from 4% in 2010. With a declining share of the population in work, ageing countries will face an uphill battle to maintain their living standards. International migration from countries with younger populations could offset this decline. At the same time, technologies that enhance physical and cognitive capacities could allow older people to work longer, while growing automation could reduce the demand for labour. 


	Natural resources and energy: A growing population coupled with economic growth will place considerable burdens on natural resources. Severe water stress is likely in many parts of the world, while food insecurity will persist in many, predominantly poor, regions. Energy consumption will also rise sharply, contributing to further climate change. Global biodiversity will come under increasing threat, especially in densely populated poorer countries.


	Climate change and environment: Mitigating the considerable extent and impacts of climate change will require ambitious targets for the reduction of greenhouse gas emissions and waste recycling to be set and met, implying a major shift towards a low-carbon “circular economy” by mid-century. This shift will affect all parts of the economy and society and will be enabled by technological innovation and adoption in developed and developing economies. 


	Globalisation: The world economy’s centre of gravity will continue to shift east and southwards, and new players will wield more power, some of them states, some of them non-state actors (such as multinational enterprises and NGOs) and others newly emerging megacities. Driving and facilitating many of these shifts in power and influence is globalisation, which operates through flows of goods, services, investment, people and ideas, and is enabled by widespread adoption of digital technologies. But globalisation will inevitably face counter-currents and crosswinds, such as geopolitical instability, possible armed conflict and new barriers to trade. 


	Role of government: Governments will be compelled to respond to the many grand challenges arising in the future in a context marked by mounting fiscal pressure, eroding public confidence in government and the continuing transition to a multipolar world, with the consequent potential for growing instability.


	Economy, jobs and productivity: Digital technologies will continue to have major impacts on economies and societies. Over the next 15 years, firms will become predominantly digitalised, enabling product design, manufacturing and delivery processes to be highly integrated and efficient. The costs of equipment and computing will continue to fall, while the rise of open source development practices will create further communities of developers. There will be greater opportunity for entrants – including individuals, outsider firms and entrepreneurs – to succeed in new markets. At the same time, the decreasing cost of computing power and advances in machine learning and artificial intelligence will further disrupt labour markets, with one in ten jobs in OECD countries at high risk of being automated over the next two decades. 


	Society: The future will see striking changes in family and household structures in OECD countries with significant increases in one-person households and couples without children. Access to education and acquisition of skills will be one of the most important keys to improving life chances. Growth in female enrolment at all levels of education will continue, and will have important implications for labour markets and family life. The global population will be increasingly urban, with 90% of this growth occurring in Asia and Africa. Urbanisation could bring several benefits to developing countries, including better access to electricity, water and sanitation. But it could also lead to extensive slum formation with negative consequences for human health and the environment.


	Health, inequality and well-being: The treatment of infectious diseases that affect the developing world disproportionately will be further compromised by growing antibacterial resistance. Non-communicable and neurological diseases are projected to increase sharply in line with demographic ageing and globalisation of unhealthy lifestyles. Inequalities will grow in many developed countries, as will poverty rates and the profiles of those at risk of poverty. 




In this changing world, STI can work as a double-edged sword. On the one hand, technological advances have the potential to reinforce the destabilising effects of many of the megatrends described here. On the other, they have the potential to improve humankind’s response to many of the global challenges facing the planet. Either way, they will have a major influence, often in unexpected ways.


Eight megatrend areas covered in this chapter
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Demography
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[image: graphic]Sources: 1. UNDESA (2015a). The population refers to persons aged 15 and above. Iceland is excluded from OECD destinations when comparisons between 2000-01 and 2010-11 are made.; 2. OECD (2015a); 3. Westmore, B. (2014).



Population growth in less developed countries

The world’s population is expected to grow during the 21st century, though at a slower rate than in the recent past, reaching 8.5 billion by 2030 and 9.7 billion by 2050. Growth will take place almost entirely in less developed countries and Africa will account for over half of the expected increase. Population size in much of the developed world will stabilise and many countries will even experience a population decline. In Japan and much of Central and Eastern Europe, for example, populations are expected to fall by more than 15% by 2050.

Global population growth will place unprecedented pressures on natural resources, e.g. food, energy and water, and STI will continue to be called upon to play essential roles in enhancing their production and conservation. In general, a larger global population, together with continuing economic development, should translate into more research and innovation activities. At the same time, research and innovation agendas may be significantly influenced by the multiple development challenges faced by countries with large population growth. New international STI co-operation and agreements – for example, around the UN’s SDGs and COP21 Paris Agreement – will seek to accelerate technology transfer to these countries to augment existing channels of diffusion through trade, foreign direct investment (FDI), and the acquisition of capital goods. Developing countries will need to expand and deepen their own research and innovation capabilities if they are to absorb and adapt these technologies for their own needs. 

Ageing societies

A combination of low fertility rates and longer life spans will lead to future ageing in all major regions of the world. At current rates, there will be almost global parity between the number of over-60s and the number of children by 2050. This is a significant change from the past and present: while there are around 900 million over-60s in the world today, their number is projected to increase to 1.4 billion by 2030 and 2.1 billion by 2050. Europe is expected to have the largest proportion of over-60s (34% in 2050 compared to 24% in 2015). But rapid ageing will occur in other parts of the world as well, particularly in Asia (UN, 2015a). Almost 80% of the world’s older population will live in what are currently less developed regions. The People’s Republic of China (hereafter “China”) will have about 330 million citizens aged 65 or more, India about 230 million, and Brazil and Indonesia over 50 million by 2050 (UN, 2011). Globally, the number of over-80s is expected to multiply threefold by 2050 (from 125 million in 2015 to 434 million in 2050 and 944 million in 2100). The over-80s group accounted for just 1% of the OECD population in 1950, but its share rose to 4% in 2010 and is projected to be close to 10% by 2050.

Ageing implies changes in lifestyle and consumption patterns, and this will have significant implications for the types of products and services in demand. New markets will emerge as part of a flourishing “silver economy” (OECD, 2014a), while more traditional ones may have to adapt or will even disappear, all of which will have implications for innovation. At the same time, ageing societies could see slower economic growth. High old-age dependency ratios, together with more prevalent non-communicable diseases and increased disability among the elderly, will place considerable burdens on healthcare...
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