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ICSU

Founded in 1931, the International Council for Science (ICSU) is a non-governmental organization representing a global
membership that includes both national scientific bodies (120 National Members representing 140 countries) and
International Scientific Unions (30 Members). The ICSU ‘family’ also includes upwards of 20 Interdisciplinary
Bodies—international scientific networks established to address specific areas of investigation. Through this
international network, ICSU coordinates interdisciplinary research to address major issues of relevance to both science
and society. In addition, the Council actively advocates for freedom and responsibility in the conduct of science,
promotes equitable access to scientific data and information, and facilitates science education and capacity building.
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Introduction

515

Why did ICSU carry out a foresight process?

N4 1csU B — M E R IR ?

The purpose of this project was to explore how international science’ might develop over the coming two decades in a
changing economic, social, political and environmental context.

AR B B R R FEAR K 20 S EFE K bR AT A g, W22 st .t MIAETRRS R -

ICSU has used this foresight process to test its role and mission and to guide long-term strategic choices aimed at
strengthening international science for the benefit of society. To this end, the conduct of the foresight exercise has
been synchronized with the development of the ICSU Strategic Plan II, 2012-2017.
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The foresight process (G5t #i k)  was also carried out to produce a resource that ICSU Members and Partners could
use to help develop their own long-term vision and strategic thinking with regard to international science.
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In its simplest form, this project focuses on two key questions:

fay B R, XA TR G A A B S o< B IR AR

*What will be the key drivers influencing international science in the next 20 years?

FEARK 20 4, UM E R EFR EEZRE R (FEHESE) A

eHow can international science collaboration be supported to help science progress and benefit society in the next 20
years?

FEARK 20 4, U] o SRR Bkt 2 A 4 20 B RS D R AR A 22 2

1
It is recognized that “International Science” has been used to describe a broad range of approaches to science - from

bilateral to truly global approaches. Fundamentally, such science requires (large-scale) international collaboration of
scientists in research and in research infrastructures. The evolving nature of international science is one of the key
areas to be explored in this foresight. The term “science” is understood to include all domains of science (i.e. natural,
social, human, medical and engineering sciences).
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Background to the foresight process

What is foresight?

e H

AT AT

Foresight comes in many forms. Since 2000, foresight has shifted its focus toward developing shared visions,
assembling coalitions of actors and mapping out multiple plausible futures that highlight the uncertainties and
underline the need for strategic flexibility. Previously the emphasis had been on explicit scientific priority setting. This
new emphasis is the approach taken in the ICSU foresight process.
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What are scenarios and how can they be useful?

FARBR? ERNERIREAN?

An important part of the process is developing scenarios for describing possible futures. A scenario is a tool for ordering
perceptions about alternative future environments in which one’s decisions might be played out (P. Schwartz, 1996, in
The Art of the Long View). Typically, three to five ‘exploratory’ scenarios are developed, each distinguished by unique
combinations of key drivers. The process of building these scenarios provides a structure in which to explore and learn
from the interplay of key drivers and their attendant uncertainties. The result is a sense of preferences and what should
be avoided. In general, scenarios offer a platform to expose and begin to address differing views among a large
community about its shared future. For ICSU, this process will inform on-going strategic choices about its longer term
direction
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To connect the exploratory scenarios to ICSU’s strategic planning and subsequent actions an additional "Success
Scenario’ has been developed, reflecting on what was learnt in building and testing the initial exploratory scenarios.
This final scenario is the basis for Report Two and explores the ICSU vision for the desirable long-term evolution of
international science and of ICSU’s role in achieving such a vision.
N TAEIRR LN 55 1CSU g TRl 2 AR BE AT B /s A e — DI G 5, XG5 2 B AE ST 56 4
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How did ICSU carry out its foresight process?

ICSUEFRITENZRIRE ?

The foresight process had three phases.
s B = AN B,

This first report outlines phases one and two — the development of exploratory scenarios — and the second report
presents phase three — the Success Scenario.

R AN BEIR S B B SR i BCIRR MBI SRR s 5 A I S 5 = BRI B 5t

Phase One &£ —1K &




Phase Twos = B

» General Context developed based on the megatrends E X#EFER E X B B &R

» Exploratory Scenarios prepared considering the Key Drivers EF £ B X R#EF ENRERE
R(BR)

Phase Three E=M &

» Success Scenario developed XKERIINIEE
» Role of ICSU identified I ICSUMNA®R

The foresight process has been led by ICSU’s Committee on Scientific Planning and Review
(CSPR), was started in October 2009 and will be completed by February 2012.

(FRZEMMITY (CSPR ) B MESTRHICSUERLHS , FHETF2009F108 | 91
2012F2 A Mo

On behalf of CSPR, a Task Team of seven advisors has overseen the development and
implementation of the process by the ICSU Secretariat. This included expertise in the foresight
process and scenario building.

— P A7 NERERNHIFLANRK CSPREFHTH ICSU BBAXNXMAIENRITHE ,
ZEAEMALIRNERERNTIER,

(BAAR)
Phase One % —Mr B

In Phase One, the Task Team identified the need for a description of the current international science
landscape. Information from the UNESCO Science Report 2010: The Current Status of Science Around the
World and the Royal Society’s publication Knowledge, Networks and Nations: Global Scientific Collaboration
in the 21st Century was the basis for this.

EE—B , TEAD M ERMEZEEBIERNBIER, XEEEERMKRE, —A%QH%AIWQWEM
( UNESCO ) 2010 FEHRIZFRE R TFAAEHANRZIN , Z— I REREEERFLERNIRE R, KN
BMER : 21 L2 2KBFE%E",

Phase 1 also involved identifying potential drivers of international science over the next 20 years.
F-MREIFEBEERK20FEFRFZNEERS S

Three primary sources were used: insights from participants at ICSU-related meetings; a web consultation of
ICSU Members, bodies, partners and early career scientists (who had participated in a meeting marking
ICSU’s 75th anniversary in 2006); and a literature scan.

=EANAEERFER  ICSUBX2WSEENNLE ; ICSURRMNEN , @FTME, KENFERZER (12 m
T20064FICSU 75 FRAES ) ; AR XE AW,

The outcome of the web consultation was 174 separate ideas for drivers from 82 individuals in over 30
countries. The Task Team distilled these and the other submissions into a set of approximately 20 drivers and,
after discussions with CSPR in February 2010, further refined this list to those drivers that were highly
influential factors.



emegatrends - for which trends over the next 20 years are more or less clear, and;
KBS - IMEBERK0FHEERKNARSHLHE , M ;
ekey drivers - for which trends are more uncertain.
XEEFHH, HEBRETHE
Phase Two £ — B Bt

During Phase Two, the Task Team used the megatrends to develop a description, based on an analysis of the
scientific literature, of what the world might look like in two decades’ time if current trends continue — the
General Context. This provided the background in which the influence of the more uncertain key drivers was
explored.

HEZERHE , TREAENNZEXMOMNEM EBERI DM RNEBIE TUREANESFUIELNE , KK
0FWIER KR, XBHT —MEAFE , AR WHRLENFEEN RS HHENE,

The Task Team then used the key drivers to prepare four quite different scenarios considering the ways the
key drivers might evolve in the next two decades. These were framed within four distinct ‘scenario spaces’
defined by two axes:

THEARBANAXBEDIERETEIANTL2TEANER , XENMFRERBERRK0FXRBE) DR, X
L RE2NEL EEN O AT RER .

ewhether countries would be more national or internationally oriented, and;
EXNEERKMEREMERL , UK :

swhether science would act independently or be highly engaged with society.
MERMIEEEREBNRRTHS

These scenarios were sent out to ICSU members for comment in January 2011. The comments, and input
from CSPR in March 2011, were then used to refine the scenarios.

XEFRE201M1FE1ARRAICSUZRNTFR 2011E3HHCSPRIFFHIER HMa# —FSERREXLERE,
Phase Three (Report2) B=PFE (K &2)

Phase three, which is the subject of a separate report, was the development of a ‘Success Scenario’, which is
more normative and aspirational but also plausible. This process involved reflecting on the four Exploratory
Scenarios and identifying desirable and less desirable aspects and how ICSU might positively influence these
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The current international science landscape ILZEH) E FrfF 545 &

The starting point for the ICSU foresight process was to consider how the international science
landscape looks in 2011.

ICSU K5 2011 42 I f [ B s} 26 J 1 Oy oozt S5 R e o

Key Actors RS 5%

There are broad a range of actors that have important roles to play in organizing the
international science landscape. The main areas in which they are operating include agenda
setting, resourcing and coordinating the research. There is some overlap in the roles of these
various actors across these different areas.

XEARZNZS 5%, HEENRTHRSINENEBRRAESE . 3258 B 3% BUE,
N FRBETE S AR AR TE . ARG ) 2 5 2 AT 55 55 70 AH . AE e

Agenda setting is carried out by intergovernmental organizations (e.g. the United Nations),
regional bodies (e.g. European Commission), funding agencies and foundations, industry and
professional societies.

WRE BT HBUR A Z] CInBCA ED . XA (IR SN, B4e o, milkmE
N4 Z K

Resourcing is done by regional funders (e.g. European Commission), some national funding
agencies (e.g. major US agencies), private foundations and big international NGO’s and
multinational companies.

Pr X BE I (AN IE A . — e H K E BN (i FERLEND . BAFEES . K
P AEBUR 23S [ 2w it

Coordinating the research is done by international science organizations (e.g. ICSU), international
science programmes, national research institutes, universities and multinational companies.
PR E PR H S Cnicsu), B ERRR AR BRI, KRS E A R R 5
Fo

Ultimately it is individual scientists, policy-makers and other societal stakeholders who influence
all of these actors and benefit from the outcomes of this international research effort.

WG, FHEZAME, BOEEE ML ER AR E R T A NS 5%, JF2 T XA ER
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Landscape #% /&

In 2010 UNESCO published the UNESCO Science Report 2010: The Current Status of Science
around the World, and in 2011 the UK Royal Society issued Knowledge, networks and nations:
Global scientific collaboration in the 21st Century. These two analyses give a comprehensive
overview of the present international landscape for science and technology. Their main

conclusions relevant to this foresight project are:
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Science is increasingly global: £} H 75 B brft

This is reflected in the rise of China and rapid developments in India and Brazil. New nations are
emerging in the Middle East and South East Asia, and the smaller European nations are
strengthening their role. However, the big investors remain the USA, Western Europe and Japan
and many less developed countries are struggling not to be marginalized.

XS A ] F W RS R B2 5 U A bR A R o T [ 5 LR TR AR R R I, BN Y M
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A multipolar science world is developing: % Jt {k I Bl 22 it A 1E 7 T2 5k

The continued strength of the traditional centres and the emergence of new players such as the
BRIC countries point toward an increasingly multipolar scientific world.

G O AR [E 2C (BRIC) IXBEHIHT M BN T — AN IEAE s i) 2 el il o
A,

The scientific world is becoming increasingly connected: F} 2% tH 5 Bk & 88 5k 8k 5% 9%

New digital technologies have accelerated the organization of science, making it easier than ever
before for researchers to work together. This has been further supported by more extensive and
cheaper air travel.

BB RN T R, AR K AT E R B — R TAE. B2 MR
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skilled migration is occurring: £ R RIEE K%

Recent decades have seen significant increase in the global completion for talent. Understanding
whether this is brain gain, drain or circulation is difficult as there few data on the factors that
influence individuals’ choice of location, how long they intend to stay and how they connect back
to their home countries. However, brain drain remains a challenge for developing countries,
particularly those in Africa.

BT LA, FRATE B3R N A S50 H anJEl o AR ME R EF AR N ARSI, BN
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The primary driver of most collaboration is still the scientists themselves: K% % &1k
RSN FERBZREAN

However, little is understood about the dynamics of networking and mobility of scientists, how
these affect global science and how best to harness these networks to catalyse international
collaboration.

IR, AVLTF-7E A T RN E R RS E N AZ R HIEh 71, PL LK e R BRI A BRARL
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Many global assessment and research programmes are managed separately: ¥ % 43R 1% i)



RSB I E 2 & B Nk

This despite the reality that many global challenges are interdependent. This often reflects a lack
of co-ordination in the policy sphere.

KRBT VFZ A BRI B PR AR A AR A IX — R A S T S i 7 7 A B4R iy R XA
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The role of business in science is growing and transnational: 2 F B\ K /EFH H 22 ¥ & H
2 LB EH R 1E

Spending on research and development by industry in the OECD countries increased from 52% in
1981 to 65% in 2008. From 1993 to 2002 R&D spending by foreign investors in countries grew
from an estimated USS$30 billion to US$67 billion. At the same time, only 2% of patent
applications are from outside of North America, Asia and Europe This pattern is driven by global
competition for talent, the result of companies looking outward for new knowledge, and the
influence of policies by countries to attract foreign investment. Increasingly multinational
companies are decentralizing their research activities, with very significant investment in BRIC
countries.

2t A E 5 R R A LICOECD) PV A I T- WA ) 9% F AN 1981 4R 1) 52%34 %1 2008 4F-F(] 65%.
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F 670 10370, RIS, AL 2%0EF HiER B ALSE . MM LML X . X MR 42
KA NA B A ERTE S« ALt 7 R URVMIR 51 A0 53 BCSR RE e 1 25 5 o AN W88 o 1) 5 1] £l 7315
TWPRIEBN B &, KRERIBE AR B A/ % E X (BRIC).

Science is an important part of international diplomacy: F} 2 & E By 4h 38 f) B 2 4H 58 4
Science increasingly contributes to international diplomacy since the significant issues that
societies face are seen as global and science is seen as a key source of information to explain
them and suggest solutions. Science is also an important part of national diplomacy for many
countries.
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How was this information used in the foresight process? X /5 B EREHAE @
RIE?

This picture of the current landscape was the starting point for considering what factors might
impact on the international science landscape in the coming 20 years. The next chapter identifies
the megatrends - those factors for which the main trends are more or less clear over the next
two decades.
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United Nations Department of Economic and Social Affairs/Population Division World Population
Prospects: The 2008 Revision Note: If fertility were to remain constant at the present-day levels,
the total world population would increase to approximately 8.8 billion by 2030. The future
population growth is highly dependent on the path that future fertility takes; the projected
population ageing mainly results from the decline in fertility.

United Nations Department of Economic and Social Affairs/Population Division World
Urbanization Prospects: The 2009 Revision

Note: There are major disparities in the levels of urbanization between regions. Currently, in
more developed regions the urbanization level is 75 percent, as compared to 45 percent in the
less developed regions. Major differences occur also between countries. For example, in 2009,
Burundi, the least urban country in Sub-Saharan Africa, was only about 11 percent urban.

World Health Organization World Health Statistics 2010

World Health Organization AIDS epidemic update 2009

Note: Sub-Saharan Africa has remained the region most heavily affected by the HIV virus,
accounting for two-thirds of an estimated 33.4 million of worldwide HIV infections.

World Health Organization The global burden of disease: 2004 update

Millenium Ecosystem Assessment

Note: According to the Millennium Ecosystem Assessment, 15 out of 24 ecosystem services



examined are already being degraded or used unsustainably.

Convention on Biological Diversity Global Biodiversity Outlook 3 (2010)

Convention on Biological Diversity Technical Series No. 50 Biodiversity Scenarios: Projections of
21st Century Change in Biodiversity and Associated Ecosystem Services; A Technical Report for
the Global Biodiversity Outlook 3

Note: This work focuses on synthesizing information from a broad range of models and
scenarios.

8 J. Rockstrom et al. (2009), A safe operating space for humanity, Nature 461, 472-475.

9 Food and Agriculture Organization of the United Nations The State of Food Insecurity in the
World 2009: Economic crises — impacts and lessons learned

Note: This is the highest number estimated since 1970, the earliest year for which comparable
statistics are available. The recent increase in food insecurity is not a result of decreased food
production but because high food prices and lower incomes have reduced access to food.

10 Food and Agriculture Organization of the United Nations World agriculture: towards
2030/2050- Interim report

Note: Growth rates are based on 2005/07 average historical data.

11 Food and Agriculture Organization of the United Nations How to Feed the World in 2050,
Discussion paper 2009

12 D. B. Lobell et al. (2008), Prioritizing Climate Change Adaptation Needs for Food Security in
2030, Science 319, 607-610.

13 World Health Organization Progress on sanitation and drinking-water 2010 update

Note: Improved drinking water sources and sanitation facilities are defined in terms of the types
of technology and levels of services that are more likely to provide safe water and to be sanitary
than unimproved technologies.

14 Organisation for Economic Co-operation and Development Environmental Outlook to 2030
(2008)

15 European Commission Report of the Ad-hoc Working Group on defining critical raw materials
(2010)

16 World Economic Forum Mining & Metals Scenarios to 2030 (2010)

17 International Institute for Applied Systems Analysis Global Energy Assessment Report in
preparation

Note: Some other sources (UNDP and WHO) estimate that more than 3 billion people lack access
to modern fuels.

18 International Energy Agency World Energy Outlook 2009

Note: Reference year 2007. The World Energy Outlook presents two projections. One is their
“Reference Scenario” (used here) which simply continues current trends in the absence of policy
changes. The other one is their recommendations for policy and technology use changes that
target a 450 parts per million of CO2 equivalent in the atmosphere.

19 International Energy Association Transport, Energy and CO2: Moving towards Sustainability
2009

Note: The Baseline scenario (used here) follows the IEA World Energy Outlook 2008 Reference
Case to 2030, and then extends it to 2050.

20 International Panel on Climate Change Fourth Assessment Report: Climate Change 2007

Note: The report links increases in global average air and ocean temperatures, widespread



melting of snow and ice and rising global average sea level to anthropogenic greenhouse gas
emissions (CO2 is the most important anthropogenic greenhouse gas). Here the emissions
scenarios refer to the SRES scenarios described in the IPCC Special Report on Emissions Scenarios
(SRES, 2000). The SRES scenarios explore alternative development pathways, covering a wide
range of demographic, economic and technological driving forces and resulting greenhouse gas
emissions. These scenarios do not include additional climate policies above current ones. The
emissions projections are widely used in the assessments of future climate change, and their
underlying assumptions with respect to socio-economic, demographic and technological change
serve as inputs to many recent climate change vulnerability and impact assessments. Baseline
emissions scenarios published since the IPCC Special Report on Emissions Scenarios (SRES, 2000)
are comparable in range to those presented in SRES.

21 R. H. Moss et al. (2010), The next generation of scenarios for climate change research and
assessment, Nature 463, 747-756.

22 George Washington University TechCast

23 UK’s Horizon Scanning Centre Sigma Scan

24 US National Science Foundation (NSF) and Department of Commerce Converging
Technologies for Improving Human Performance NANOTECHNOLOGY, BIOTECHNOLOGY,
INFORMATION TECHNOLOGY AND COGNITIVE SCIENCE

25 European Commission Converging Technologies — Shaping the Future of European Societies
26 The Royal Society and the Royal Academy of Engineering Nanoscience and nanotechnologies:
opportunities and uncertainties (2004)

27 International Telecommunication Union Measuring the Information Society 2010

Note: While in the developing countries mobile cellular connections reach an estimated 57
percent of the population, in the more developed regions mobile cellular penetration exceeds
100 percent. Internet use has also continued to rise, but at a slower pace. In 2009, four out of
five people in the developing world still did not have access to the Internet, and China alone
accounted for one-third of the Internet users in the developing world. By comparison, 64 percent

of the population in the more developed regions were using the Internet.
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