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Megatrends are shaping future STl capacity and activities

Ageing societies, climate change, health challenges and growing digitisation are, among other factors,
expected to shape future R&Dgendas and the scope and scale of future innovation demand. Novel
demands andmarkets are likely to emerge, creating new skills needs and new growth and job
opportunities. New approaches to sustainable growth, thgough the circular economy, aralso
emerging

STlis widelyseenas key to addressg these grand challengeS&Tlactivities could however be confronted

with strong resource constraints. Possibly insufficient growth in developed and emerging economies, as
well as competing policy priorities dragendasmay limit the financial resources available. Similarly, an
ageing population, together with changing patterns in migratimight affectthe availability of STI skills.

This could compromise the role of STI to address future challenges.

Themegatrends raise urgent issues that demamdentpolicy responsesncluding in the STI field uBthe
capacities ofgovernmentsto intervene will likely face major constraints, including high public debt,
increasing internationadecurity threas, risingprotectionist reactionsa possiblesrosionof social cohesion,
and the rise of influenal non-state actorghat challenge their authority and ability to act.
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Technology is set to disrupt societies, with tremendous potential but 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 weFace&xample,

1 Gobalisation will be further enabled by advances in commuracetiand transport technologies
Global digital platforms are helping drive down costs of ctwssler communications and
transactions, thereby reducing the minimum scale at which businesses can operate globally and
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1 Income growth will be increasingly driven by STI developmezsggecially in the digital economy
Between 2014and 2020, an additional.1billion individuals will acquire a mobilehpne for the
first time. Both China and Indiwill soan have morelnternet users than theentire population of
the U.S. and Western Europe combinedtvio or threeyears, Africa will connect mopeoplethan
the U.S. has populatiofThe sharing economy, enabled by smart apps, is expected to reach a global
vaue of USE335billion by 2025.

1 Reductions in CO2 emissions will depend on the development of new, cleaner energy technology
Biotechnology offers unique solutions to dependence on oil and petrochemicaldhaBeal
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batteries, artificial phadsynthesis andmicro-organisms that produce biofuels are some recent
breakthroughs that could support a bimsed revolution in energy production.

1 And improved health outcomes and increasing life expectancy will heavily depend on health
technology innovationWhile still smallscale and marginal, di-yourself science groups and
maker communities are likely to be increasingly visible in the healthcare field, enabled fopdow
advanced technologies like synthetic biology and additive manufacturing that allow them to
research and develop their own therapeutics and medical devices.

On the other hand, merging technologies carry several risks and uncertainties, and many raise important
ethical issues, todSTI developments could exacerbate inequalities without wider innowatiffusion 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 biolog around biosecurityand neurosciences around human dignity.

Still, emerging technologies are expectedhve wide impacts acresseveral fields of applicaticand will
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convergence and combinatiooould be further helped byrossdisciplinary workng arrangementsand

skills training

Public science has a central role to play, provided it can manage its own transition

Public sectorsciencewill continue to play leading roles in developinghnew knowledge and skills for
nurturing these technological advances and supporting tegploitation in the wider economyBut it will
also undergo its own transformation.

Expenditureon R&Dby universities and public search institutes (PRI8) OECD countries fell in 2014 for
the first time since the data were first collected in 19&1igurel). Expenditureson public R&D, most of
which isfunded by governments, began flattening out in 2010 following three decadesavith. Growth

in publicR&Dbudgets haslowed downin many countries as other policy prioritiegich as state pesions,
health and social cardave absorled a growing share of public resources. Datagmwvernment budget
appropriations and outlays for R&{(GBAORDgs a percentage of total government spending for 2000 and
2015 show that whé countries like Germany, Kea, Portugal and Switzerlargde spending more on R&D,
others including Australia, Frae, Italy, Spain, thenited Kingdomand the Uhited Sates have reduced
their R&D efforts.Furthermore continued pressure on public finances in many countries and sluggish
economic growtlsuggesthat public spending on R&GBAORDeit towards public research or business
R&D:is likely toplateau at curent levels or declinevenfurther.
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Figure 1. Expenditures on public R&D in OECD fell in 2014 for the first time in three decades
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Source: Based on OECD (2016), Main Science and Technology Indicators (MSTI) Database, June; Eurostat R&D Indicators and

from 22 July 2016,

Figure 2. R&D has fallen behind other policy priorities in many countries

Government budget appropriations and outlays for RGIBAORDYs a % of total government
expenditures, 2000 and 2015

Decreased spending on R&D
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Source: OECD, Research and Development Statistics (RDS) Database, April 2016, www.oecd.org/sti/rds; OECD National Accounts
Database, September 2016 ; Eurostat RD Databases August 2016, UNESCO Institute for Statistics, June 2016 and World Economic
Outlook Database, October 2016. Data retrieved from IPP.Stat on 26 November 2016.
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Part of thedeclinein GBAORD &sorelated toa more widespread use of tax incentives for Ri&Decent

years. This substitutiobetween a spending approach (R&D budgets) and aspemding approach (a
reliefs)signals a shift in the policy mix for innovation towards firms and more econajéctives Country
responses to the latest EC/OECD International Survey on STI Policies (STIP) also confirm the recent policy
focus giverto restoring competitiverss andaccelerating growttin many OECD countries and ROECD

key economies

Figure 3. Lesspublic support has gone tgublic researchwhile more R&D tax incentiveswere given to firms

Percentage change in the relative share of government supgparited to firms (yaxis) and annual growth
of R&D tax support estimates-éxis), 200614 or nearest years available
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Source: Based on OECD R&D Tax Incentive Indicators, www.oecd.org/sti/rd-tax-stats.htm, July 2016; OECD Main Science and
Technology Indicators, www.oecd.org/sti/msti.htm, June 2016; OECD R&D Statistics (RDS) Database, April 2016, www.oecd.org/sti/rds.

At the same time, hliere is emerging evidence thédss public support has gone to public reseandtile

more generous R&D tax incentivegre given to firms(Figure3). A tendency among governments to focus
more on offering R&D tax incentives to firms than funding R&D in universities and public laboratories is also
tilting the balance towards the private sector. That can mean funds area#dld to where new products or
profits are most likely rather thamo less directlyfocused researcland blue sky researctwhich are
frequently the source for unexpected breakthroughs

Indeed, &hough theycarry outless than 30% of total R&D the OECrea, universities and PRisrform
more than threequarters of basic research. They often undertake lorigen and highertrisk research, as
well as the kind of projects that have more potential to translate into tangible societal benefits. Artificial
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intelligence and personalised medicine are two examples of innovations that came about thanks to
scientific and technological developments enabled by public research.

Public researchsystems are als@xperiencing intrinsic transformations that raise both kbfages and
opportunities(Figured). Universities are increasingly at the core of national and local research systems and
they are increasingly relying omew sources of funding, including frooharities, philanthropists and
private foundations particularly in the area of healtland at the scientific frontierThis will have an impact

on future public research agendasspecially as central governments budgets remain under severe
pressure.Private foundations, charities and philanthropies ,af@ instance strong advocates for open
access.

Open science is the next frontier. Open data access practices are increasingly widespread. Encouraging the
sharing and rause of research data could generate more value for public money. Science is also bexoming
less institutionalised endeavour, with citizeosntributing toresearch alongside the scientific community.
However, deep changes in academic culture will be necessamalise the full potential of a more open
science.

Emerging technologies aedsoopening 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 researchYet, esearch careerare likely toremain precarious, gmcially for women, with
consequences for attracting future generations of researchers.

Governments will increasingly work with wider society to shape and exploit STI

Governments are increasingly managing the risks and uncertainties around emergitey&dpmentsby
adoptingY 2 Nd@spansible research and innovatid(RRI) policieRRI principles have diffused into policy
agendas, funding programmes and governance arrangements, integedtiitgl and sociatonsiderations
GdzLJa G NBI Y& AyrocasKS Ayy201 GA2Y




Figure 4. Public researchis in transition

Public research has shifted towards universities

Public R&D expendituretotal OECD,as a % of GDP,
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Source: Based on a) OECD (2016), OECD R&D Statistics (RDS) Database, April, www.oecd.org/sti/rds; b) OECD (2016), Main Science
and Technology Indicators (MSTI) Database, June, www.oecd.org/sti/msti.htm; ¢) OECD (2014d), Measuring the Digital Economy: A
New Perspective, http://dx.doi.org/10.1787/9789264221796-en, based on ScienceDirect repository, www.sciencedirect.com, July; d)
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Today, policy attention remains focused on immediate economic imperatives

Therecent financiakrisis hit STI activities hardnd the subsequenteboundhas remained weal&irancial
conditions for innovation and entrepreneurship remain difficult, especially for SMEs.

OECDcountriesand nonOECE 02y 2 YA Sa KI @S LJX | OSR O2y aAREpaditg f S S
to innovate.Many countries have sought to consolidate thieirsiness support programmés make them

more accessible and more cedfficient (Figure5). Many countries havealso adjustedtheir policy
portfoliosto assist SMEs and starps especiallyfor accessing global markets.

Figure 5. Most governments have increased their support to business R&D and innovationé

Combined direct and indirect financial support, as a percentage of GDP, 2006 and 2014

Source: Based on OECD (2016), OECD Research and Development Statistics (RDS) Database, April, www.oecd.org/sti/rds; and OECD

(2016), OECD-NESTI data collection on R&D tax incentives, July, www.oecd.org/sti/rd-tax-stats.htm. Data retrieved from IPP.Stat on 08
August 2016.



http://www.oecd.org/sti/rds
http://www.oecd.org/sti/rd-tax-stats.htm

