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SHORT SUMMARY
The clock is ticking for transitioning to digital and ‘green’ societies

It is striking how development priorities have aligned over the past five years. Countries of all
income levels are prioritizing their transition to digital and ‘green’ economies, in parallel. This
reflects a double imperative. On the one hand, the clock is ticking for countries to reach their
Sustainable Development Goals by 2030. On the other, countries are convinced that their future
economic competitiveness will depend upon how quickly they transition to digital societies.
The report’s subtitle, ‘the race against time for smarter development’, is an allusion to these twin
priorities.

For developing countries, this imperative is obliging them to accelerate a process
of industrialization and infrastructure development that would normally take
decades. This process can be an opportunity for them to reduce their dependence
on foreign technologies, as long as governments can ensure that industrialization
and infrastructure development intersect with capacity-building in research and
innovation. Since the private sector will need to drive much of the dual transition,
governments everywhere are designing new policy tools to facilitate technology

32

countries raised
their research
spending by 0.10%
of GDP or more

between
2014 and 2018

transfer to industry.

This seventh edition in the series arrives at a crucial juncture, as countries approach
the halfway mark for delivering on their Sustainable Development Goals. The report
finds that sustainability science is not yet mainstream in academic publishing at

the global level and that it is developing countries which are publishing most,
proportionately, on related topics. This trend, combined with greater government support for
start-ups and small businesses in many countries, suggests that the current knowledge gap could
narrow in the coming years, as long as the challenge of chronic underfunding can be overcome:
four out of five countries still spend less than 1% of GDP on research and development.

The UNESCO Science Report series targets policy-makers, academics, the intergovernmental and
non-governmental communities, the media and other groups interested in understanding how
science governance is shaping countries’ development agendas.

‘Since wars begin in the minds
of men and women, itis in

the minds of men and women
that the defences of peace
must be constructed’
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Preface

Antonio Guterres, United Nations Secretary-General

The Covid-19 pandemic has underscored three important
lessons.

The first is that we are all deeply interconnected. No-one will
be safe from the virus until everyone is safe.

The second lesson is that the same human activities that drive
climate change and biodiversity loss also increase the risk of
pandemics through their impact on the environment.

The third lesson is the vital importance of science.

This year’s UNESCO Science Report - the Race Against Time for
Smarter Development - focuses on the global shift towards
economies that are greener, knowledge-based and make
the best use of digital technologies. We must work to ensure
that the pursuit of advanced technology and sustainable
development go hand in hand.

The Report finds that the global researcher population
continues to grow, yet there is a strong imbalance around the
world. For example, in 2018, sub-Saharan Africa was home

to 14% of the global population but only 0.7% of the world'’s
researchers.

International collaboration among scientists is also on the
rise, which augurs well for research on challenges such as
climate change, biodiversity loss and infectious diseases,
which do not respect borders.

These research communities, however, depend on supportive
policies and funding and four out of five countries devote less
than 1% of GDP to research and development.

Many countries are aligning policies on science, technology
and innovation with the Sustainable Development Goals.
These include ambitious plans for decarbonizing the
economy and reducing waste. But, despite the prioritization
of sustainable development, sustainability science has not yet
gone mainstream.

UNESCO has found that developing countries focus more of
their research efforts on topics vital for their development
such as agro-ecology, climate-ready crops and sustainable
waste management — but publications on these issues remain
marginal in the overall research ecosystem.

Meanwhile, there were almost 150 000 publications on
artificial intelligence and robotics in 2019. This field dominates
scientific output on other cross-cutting technologies that have
potential benefits for developing countries, such as energy,
materials science, nanotechnology and biotechnology.

As this report makes clear, we need to step up our
commitment to sustainable development, in both economic
and human terms.

By aligning policies and resources, we can make far greater

progress towards achieving the Sustainable Development
Goals.

Preface | vii
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Foreword
Audrey Azoulay, UNESCO Director-General

Every five years, the UNESCO Science Report offers an overview
of science and the way it is shaped by public policy.

To browse the pages of this report is to get a glimpse of a
rapidly changing world - a world in which, for instance, artificial
intelligence is increasingly permeating our everyday lives.

We also gain greater insights into the major challenges of

our time: how to reconcile ecological goals with economic
needs, particularly in terms of employment; and how to effect
a smooth transition towards green and digital economies,
without exacerbating inequalities.

As the title of the report suggests, we urgently need to

set common objectives if we want science to be a tool for
equitable and sustainable development, in the service of all
humankind.

To do so, we must deploy the potential of science everywhere.

Even though countries around the world have committed to
this, the sums they have allocated are still inadequate, given
the high stakes. The report finds that a minority of countries
are providing the bulk of investment: four out of five
countries still devote less than 1% of GDP to research.

The stakes are indeed high, if we are to prevent the
technological gap between countries from widening. This
means supporting researchers and research — in both the
public and private sectors — and embracing international

xx | UNESCO SCIENCE REPORT

scientific co-operation. Indeed, the last five years have seen
a welcome increase in scientific co-operation across borders,
even before the tremendous collective effort to fight Covid-19.

But the results are still not good enough. For example, over
70% of publications remain inaccessible to the majority of the
world'’s scientists. These barriers to research - sources of both
inequality and inefficiency — cannot be justified. They must
be lifted, through the elaboration and implementation of
new models for communicating and disseminating scientific
knowledge.

Since 2019, UNESCO has been working towards this goal, by
developing a global standard-setting instrument for open
science, to make science more transparent, more inclusive
and more responsive.

For science to be more effective, it must also be more
representative, drawing on the diversity of our world. Yet,
as this report highlights, only one in three researchers is a
woman. Whereas gender parity has nearly been achieved
in the life sciences, it remains a distant goal in fields such as
engineering, where only 28% of graduates are women, and
artificial intelligence, where only 22% of professionals are
women.

Effective science systems inspire trust. The past few

months have shown the importance of scientific literacy in
empowering the general public to make conscious choices
and informed decisions. Much remains to be done, however,
especially through education, to ensure that science stays in
sync with our societies.

To inspire trust, science must also be ethical and respond
to the complex issues that inevitably accompany scientific
progress. This has long been a focus of UNESCO's work,
through the World Commission on the Ethics of Scientific
Knowledge and Technology and the International
Bioethics Committee and through our elaboration of a
Recommendation on the Ethics of Artificial Intelligence.

In short, what this report demonstrates is that science is not
just about producing knowledge, techniques and innovation;
sometimes, in a broader sense, science paints an unforgiving
picture of humanity.

We need to be able to look at this picture with pride. That
means not letting science and technology develop to our
detriment but rather mobilizing it to serve the common good.
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In Brazzaville, Huster Akiera, CEO of the start-up HOZ 3D, readies his machine to begin printing visors and valves. His invention was one of many displayed at an

exhibition organized jointly by the Ministry of Scientific Research and Technological Innovation and UNESCO in December 2020 to showcase Congolese ingenuity in

tackling the Covid-19 pandemic. © HOZ 3D
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What the Covid-19 pandemic reveals about
the evolving landscape of scientific advice

Peter Gluckman and Binyam Sisay Mendisu

Contested perspectives

The relationships between science, society, policy and politics
have always been complex and contested. We only need

to consider the headwinds encountered by the scientific
community over the past few decades in their attempts to
persuade the global political community to recognize and

act on anthropogenic-driven climate change, or the ongoing
contestation over the role of genetically modified crops

in ensuring food security, or the difficulty in persuading
governments to address obesity and its consequences.

Many, if not most, policy decisions have a scientific dimension.
Whereas science advisory systems originally evolved in large
advanced economies to deal largely with matters of defence and
technology, they now have critical roles to play in areas such as
the environment, social progress and health.

The Covid-19 pandemic has brought these relationships
into unprecedented focus. From the earliest days of the
pandemic, governments have had to make far-reaching
decisions in the context of incomplete and evolving
knowledge about the virus. These decisions have been
perceived by many as involving trade-offs between health,
economics, social well-being and individual rights, such as the
lockdowns which have slowed economic activity and curbed
individual mobility. Many governments have acknowledged

the critical importance of scientific analysis and advice in
assisting their decision-making.

Although the present essay focuses on the interaction
between science and the policy community during the
current Covid-19 pandemic, effective use of science in
informing policy-making ultimately springs from public
trust in both the scientific community and the institutions
of government. The lessons learned during the Covid-19
pandemic may, thus, have broader implications for how
countries might better use scientific evidence to develop and
implement policies in the future.

Beyond the essential and ongoing role of new knowledge
generation by the scientific community during the pandemic,
the two central components of scientific advice have been
in play: evidentiary synthesis (synthesizing available and
often incomplete scientific evidence to assist governments)
and evidentiary brokerage (communicating synthesized and
interpreted scientific evidence to both governments and their
citizens).

Vectors of evidentiary synthesis

To be of value, evidentiary synthesis must be a balanced

and comprehensive presentation of what is known and not
known, as opposed to biased advocacy. Evidentiary synthesis

After the first four cases of Covid-19
were detected in Uruguay on 13 March
2020, the government immediately
declared a’state of health emergency’
Weeks earlier, in anticipation of
the inevitable arrival of the virus, the
health authorities had contacted
a team of researchers at the main
public university, the Universidad
de la Republica, and the Institut
Pasteur de Montevideo, to explore
the potential for local development
of diagnostic testing. This led to the
signing of an agreement in March
between the academic sector and the
government which saw much of the
scientific biomedical community shift
its focus towards providing expertise,
personnel, equipment and reagents to
combat the virus.
Within about a month, the locally
produced molecular tests had been

validated for distribution. In parallel,
research laboratories began designing
and developing serological tests to
detect antibodies in patients with
acquired immunity that were validated
in August 2020 by the Ministry of Public
Health.

The efforts of the public sector
were paralleled by private initiatives,
generating a large and well-distributed
testing capacity.

In April 2020, the government created
a Scientific Advisory Group composed of
three coordinators, one with a general
mandate and one each for health and
data science and modelling. This trio
selected a group of 55 top national
scientists and experts to generate weekly
reports for the government whose
advice ranged from recommended
health measures to reviewing and
reducing social restrictions.

The Scientific Advisory Group also
gave interviews to the press and
held press conferences to provide
the public with scientific evidence of
the biological, epidemiological and
pathological dimensions of the virus
and the rationale for social and public
health interventions, such as the
re-opening of schools as part of the
deconfinement process.

There is a national consensus
that this multifaceted strategy has
succeeded in minimizing the disease
burden at the individual and social
levels in Uruguay.

Source: Prof. Rafael Radi, MD, PhD, Professor
and Chair of Biochemistry, Director, Centro de
Investigaciones Biomédicas (CEINBIO), Facultad
de Medicina, Universidad de la Republica
Montevideo, Uruguay
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should be informed by a plurality of disciplines, as illustrated
by the case study of Uruguay (Box 1).

Too often in the past, perspectives from the social sciences
and humanities have been overlooked, despite the reality
that human behaviour and sociological dimensions are key to
successful decision-making, as demonstrated by the debates
on both the Covid-19 pandemic and climate change.

Evidentiary synthesis is most often conducted by national
science academies. However, national technical and science-
based commissions, scientific advisory offices, ad hoc
committees, research institutes and university departments
can all provide evidentiary synthesis.

It is gratifying that a growing number of lower-income
countries have invested in developing science academies
in recent years, including 28 African countries. The South
African academy has produced evidentiary synthetic reports
for policy-makers which are particularly robust and of global
value.!

Prof. Madiagne Diallo of the Economic, Social and
Environmental Council of Senegal? observes that a growing
number of African governments had already been reaching
out to science academies for advice prior to the pandemic.
For example, in 2015, the Government of Cameroon tasked its
science academy with developing a national biotechnology
policy framework. In 2019, the Government of Senegal tasked
its science academy with providing an evidentiary synthesis
of the state of the art of genetically modified organisms and
related challenges and prospects for Senegal.

In addition, there is a growing body of young academies,
as well as international groups such as the World Association
of Young Scientists and the Global Young Academy. These
young academies are providing a valuable intergenerational
voice and have been proactive in grasping the importance of
transdisciplinary approaches.

The emergence of a regional or subregional approach
to the provision of scientific advice has been an important
development. This approach may take the form of regional
agencies. For example, the Pacific Community based in
Noumea, New Caledonia (France), provides many small
Pacific island states with technical and scientific support in
areas such as public health and marine resources. The African
Academy of Sciences also provides evidentiary analyses for
African nations.

Notwithstanding this co-operation, institutional and
individual capacities and capabilities still need building
in many countries and regions. With pilot funding from
the International Development Research Corporation, the
International Network for Government Science Advice
(INGSA) established the Southeast Asian Science Advice
Network (SEA-SAN in 2020) to facilitate joint evidentiary
synthesis and information-sharing among senior scientists
with advisory responsibilities via an online platform; the
focus is on issues of shared regional concern related to the
United Nations’ Sustainable Development Goals to 2030. This
platform will develop, share and access reports and analyses
of common relevance and undertake evidentiary synthesis on
common issues, allowing each individual country to consider
how to incorporate that knowledge appropriately into its
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policy-making. Over time, as the benefits of structured inputs
become visible, it is hoped this initiative will lead to greater
institutionalization of scientific advice.

Global assessments are a further form of evidentiary
synthesis. Two examples are the assessments undertaken by
the Intergovernmental Panel on Climate Change, sponsored
by the World Meteorological Organization and United Nations
Environment Programme (UNEP), and those undertaken by
the Intergovernmental Policy Platform on Biodiversity and
Ecosystem Services (IPBES), sponsored by UNESCO, UNEP,
the Food and Agriculture Organization and United Nations
Development Programme.

The facets of evidentiary brokerage

Evidence brokerage is the process of effectively transferring
scientific understanding to the policy community and political
decision-makers, while acknowledging that many other
factors affect policy decisions. Brokerage may, or may not,

be provided by the same actors who undertake evidentiary
synthesis.

Brokerage must be sensitive to the reality that policy
decisions are based on many other factors beyond the
scientific evidence. Societal values, public acceptance,
political ideology and priorities, electoral contracts,
diplomatic and economic factors are all part of decision-
making.

Although science advice may have its historical origin in
the natural sciences and technology, effective brokerage is
increasingly transdisciplinary. Increasingly, social sciences
and the humanities are central to both evidentiary synthesis
and brokerage. A particularly sensitive aspect is how to deal
with other sources of knowledge that claim authority but
are not based on scientific processes. Integrating indigenous
knowledge with formal scientific knowledge requires
particular understanding and respect.

Evaluating options

All policy-making involves choosing between options
(including that of maintaining the status quo), each of
which has different implications and trade-offs. When
offering scientific advice, the primary objective is to assist
the policy community in choosing between the available
options.

In so doing, the brokerage function must always consider
inferential risk, namely, what are the implications of
uncertainties (which are always present)? In order to reduce
the risk, the broker defines what is known and not known
and the caveats of any synthesis, particularly in relation to
probabilities and an explanation of assumptions made. The
decision-maker must understand the potential implications
of different options in the context of uncertainty. This
challenge is apparent in the different choices that countries
have made in how they approached Covid-19. For example,
early decisions made by some countries appear to have been
based on inferences about the early development of herd
immunity that were not substantiated by later events. Having
recognized the risk in that inference, other countries chose
much more restrictive approaches.



Itis also critical for the broker to avoid the trap of selecting
the evidence to meet predetermined political outcomes.

The difficulties of decision-making and balancing
competing interests, even when informed by evidence, has
been illustrated repeatedly by the Covid-19 crisis. When
most countries in Africa and many around the world chose
to impose strict lockdowns, Ethiopia took a different path. It
focused on enforcing public health measures, including the
promotion of personal hygiene, the wearing of protective
masks and social distancing in public places. Although
strict lockdown measures made sense from a public health
perspective, it would have made life unbearable for many
poor households reliant mainly on income from the informal
sector. Even though the jury is still out on the long-term
effectiveness and benefit of these alternative choices, the
policy decisions made need to be understood in the local
context of competing demands. This highlights the need for a
plurality of scientific input, including from the humanities and
social sciences but it also illustrates the reality that decision-
making ultimately depends on a range of values-based
judgments by politicians.

Navigating the interface

The interface between synthesis and brokerage is, of

course, complex. Whereas evidentiary synthesis tends to

be transparent in the form of a policy brief or report, and
while some brokerage is similarly in the form of formal
reports, much is informal, particularly in the early stages

of policy formulation or in emergencies, and takes the

form of a conversation between the broker and the policy
community. Who participates in this dialogue will depend on
the mechanism in play, whether the brokerage mechanism

is a committee or commission, a science advisory panel or
whether the national science academy takes on that role. In
emergencies, effective ad hoc mechanisms can be created,
as in Sri Lanka (Box 2) and Jamaica (Box 3) but such ad hoc
approaches will not ensure appropriate input for the myriad
of non-acute policy-making domains where science can assist.
Brokerage often involves direct interpersonal contact with
the political decision-maker and, thus, involves individuals
such as a science advisor or a senior academician. It is
increasingly recognized that the brokerage function requires
a particular set of skills and contextual understanding of both
the science and policy systems. Specific training programmes
have been developed by INGSA and partners to support
development of these skills.

Science, policy and values

It is important to recognize that science has embedded
values. These include considerations of what questions

to study, how to study them and what use to make of the
information acquired. However, the scientific method also
demands that scientists set aside their individual biases and
values when collecting and analysing raw data, as these
biases and values may distort empirical observations or
evidentiary synthesis, the basis of good science.

By contrast, policy-making is largely a values-based process
of choosing between options that affect different stakeholders
in different ways. Even the decision as to whether to take any
policy action at all is a values-laden decision. The values at stake
include political ideology, world view, the fiscal situation, public
opinion and reputational issues.

Furthermore, scientific assessments of risk are different to
the perceptions of risk by citizens, the latter being primarily

After the first Covid-19 patient was
identified in January 2020, an ad hoc
Presidential Task Force and separate
Technical Committee were set up to
prevent and manage the spread of
infection in Sri Lanka, in the absence of
an established science advisory body.

The need for a strong preventive
strategy was recognized as a key
priority, in light of the health system's
limited curative capacity, in particular
as concerns intensive care services.
The medical profession made a strong
case for a complete nationwide
lockdown accompanied by the
closure of international airports to
passengers, as well as contact tracking
and tracing.

More than nine months into
the pandemic, life in Sri Lanka has
gradually returned to normal. As of

November 2020, the caseload has been
limited to a little over 17 000 confirmed
infections, with a low death rate of just
0.27 per 100 000 population — even if the
threat of an uptick remains. Success thus
far has been attributed to the following
factors:

focused, harmonized and coordinated
strategies mobilizing all stakeholders
and both public and private resources;
prevention of community spread,
thanks to prompt and stringent
contact-tracing enhanced by the
intelligence services, quarantine and
follow-up measures;

the rapid conversation of existing
institutions into dedicated quarantine
centres, Covid-19 hospitals and
polymerase chain reaction testing
laboratories;

clear messaging to the nation on the
code of conduct to follow, conveyed
by a single authority, the director-
general of health services;

frequent programmes promoted
through digital and social media to
make people aware and accepting
of the preventive measures they
needed to adopt at individual and
societal level during lockdown and
re-opening phases; for example,

all households were provided with
essential items during lockdown
and returning Sri Lankan students
and migrant workers were given

a comfortable stay in quarantine
centres.

Source: Prof. Sirimali Fernando, Professor and Chair
of Microbiology, Faculty of Medical Sciences,
University of Sri Jayewardenapura, Gangodawila,
Sri Lanka
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The government has not developed

a permanent mechanism for the
provision of scientific advice, even
though it places a premium on the
role of science in informing policy.
Rather, it has chosen to use a fit for
purpose, ad hoc approach, wherein
the government, politicians and
technical ministerial staff identify
institutions and individual experts from
academia, the business sector and civil
society to form multidisciplinary, multi-
agency teams, with the participation
of international agencies. These teams
are co-chaired by a government
technocrat and an independent
expert.

This model was used in the Covid-19
pandemic. Rather than appoint a
Covid Czar, the government used the
pre-existing Essential National Health
Research framework put in place a
decade ago to respond to such crises
and appointed government technocrats,
academics, business owners and civil
actors to fulfill specific technical roles.
The team has produced a twice-
weekly briefing for the Cabinet and the
Parliamentary subcommittee established
specifically to assume this oversight role.

Three factors stand out as having
contributed to Jamaica’s relative success
in managing the early stages of the
pandemic. Firstly, there was a widely

felt public sentiment of legitimacy
towards the government of the day,
resting as it does on an electoral system.
Secondly, the pre-existing framework
acknowledged the vital role played by
scientific evidence in informing policy.
The third factor has been the enormous
commitment needed in a low-resource
country to collect, curate, analyse,
interpret, share and utilize a range of
data. This has been largely a manual
exercise conducted in silos that has
only produced the requisite information
thanks to a Herculean effort.

Source: Prof. Terrence Forrester, Professor of

Experimental Medicine and Chief Scientist at
UWI Solutions for Developing Countries at the

determined by cognitive biases. In turn, politicians will
understandably look at issues through the lens of their
political risk. Translating and communicating between these
two domains is, thus, a sensitive and evolving boundary
function.

Inferential risk can affect the policy process

From the perspective of scientific advice, the most important
value concerns the sufficiency and quality of evidence on
which inferences are made by scientists and policy-makers
alike in reaching conclusions that might affect the policy
process, or, in other words, inferential risk.

Often, decisions must be made on the basis of complex
science where many uncertainties remain, owing to the
superior value of science in the policy process. Even so,
normative arguments would suggest that effective and timely
insertion of appropriate knowledge into policy decisions will
lead to better policy-making.

Different perceptions of uncertainty by science and policy
However, due to the different perceptions of uncertainty

by science and policy-making, collaboration between the

two groups does not always go smoothly. Whereas scientific
knowledge is always provisional and accepts both epistemic
and methodological uncertainties, policy-makers need to act,
especially in times of crisis. Politicians prefer to be certain in
their communication.

This divergent understanding of the quality of evidence can
make collaboration between the scientific and policy-making
communities a challenging affair. Hence why one cannot
overemphasize the crucial role of effective communication
between the policy and scientific communities in such a context.

Developing the advisory ecosystem

No singular model for a science advisory ecosystem has
demonstrated its effectiveness in all situations. These range

6 | UNESCO SCIENCE REPORT

University of the West Indies (UWI)

from the provision of advice in an emergency to advice and
dealing with longer term issues of sustainability and human
development. Even in the mature systems of many high-
income countries, multiple components are needed to create
a complete science advisory ecosystem, although, in some
cases, the pandemic has exposed issues of effectiveness.

The emergence of the Covid-19 pandemic serves as a
stark reminder of the crucial importance of establishing well-
functioning, formal science advisory institutions, processes
and guidelines in low-and middle-income countries and,
indeed, in many higher-income countries.

For instance, in Ethiopia over the past two years, politicians
and policy-makers have openly requested support from
the scientific community in reforming existing policies and
developing new ones — an unprecedented move. However,
the promising engagement between scientists and policy-
makers noted in this period of social and political reform still
lacks institutionalization in Ethiopia, being largely ad hoc.
This is also true of Sri Lanka (Box 2) and Jamaica (Box 3).

The relatively successful response to Covid-19 from several
African countries, including Ethiopia and Ghana (Box 4),
throws light on the importance of building on previous
experience in tackling an epidemic, to ensure preparedness
and effective communication. In particular, handling a
crisis efficiently is less a matter of financial means than of
effectively communicating options that are well informed by
evidence.

One may even go further and conclude from the
experience of some lower-income countries which have done
relatively well in terms of disease control during the Covid-19
pandemic that there does not seem to be a correlation
between their public health response and the country’s
research intensity. Indeed, as the examples in the present
essay demonstrate, the political leadership in many lower-
income countries reached out rapidly and effectively to their
scientific community.



With the closure of many borders
around the world, Ghana has had

to turn inwards for survival and
sustenance. In the face of disrupted
supply lines and difficulties in
importing goods, local ingenuity has
proved vital. Research institutions
and universities have provided gene
sequencing research and assisted in
the production of sanitizers, test kits,
ventilators, tracker software and so
on. Individuals, state institutions and
corporate institutions have come up
with innovative ways of manufacturing
personal protective equipment, solar
and touchless handwashing basins,
walk-through full body sanitizer spray
machines and so on.

A national Covid-19 team with a
strong background in public health
was set up to advise the president.
The team consists of the Presidential
Adviser on Health, a former Deputy
Director-General of the World Health
Organization and the Deputy Minister
of Health.

The strategy adopted by Ghana
has focused on regular information
updates, including periodic addresses
by the president, and a massive public
education campaign. The Ministry
of Health and Ghana Health Services
continue to use their websites and
social media platforms to educate the
public. Pedagogical materials were
translated into eight local languages
early on in the fight to boost the uptake
of information.

By the time the first two cases of
Covid-19 were detected on 12 March
2020, there had already been some
public education on safety protocols, as
well as checks of body temperature for
travelers crossing the border.

Collaboration between the public and
private sectors has cushioned the impact
of the pandemic. The Ghana National
Trust Fund set up by the president in
2020 to alleviate the burden on the poor
has attracted contributions in cash and
in kind. Some faith-based organizations

facilities to the government for
conversion into treatment centres.

A new centre for the treatment of
infectious diseases was constructed
in mid-2020 through a public—private
partnership. The 100-bed centre was
constructed by the Ghana Armed
Forces at the Ga East Municipal
Hospital in Accra. The Ghana Medical
Association ensured that the centre
would be fit for purpose; it houses
a biomedical laboratory, pharmacy,
recovery court yard and 21-bed
intensive care unit, among other
facilities. The project was carried out
by the Ghana Covid-19 Private Sector
Fund, in conjunction with the Ministry
of Health.

By November 2020, Ghana had a
caseload of just over 50 000 and a
low mortality rate of 1.08 per 100 000
inhabitants.

Source: Prof. Marian Asantewah Nkansah,
Department of Chemistry. Kwame Nkrumah
University of Science and Technology, Kumasi,

Ad hoc scientific advice has its limitations

For scientific advice to be effective, there are at least two
essential prior considerations. Firstly, the government and
policy community must accept the value of scientific advice
across a broad range of issues.

The first of these criteria is not broadly appreciated in many
countries lacking formal advisory mechanisms. A further
limitation of ad hoc mechanisms is that they may be biased
in terms of the knowledge presented, if the experts consulted
lack the requisite skills for advisory mechanisms.

Secondly, there must be a local scientific and academic
community that can contribute scientific advice; this is amply
demonstrated by the integrated Ghanaian response to
Covid-19 (Box 4). This does not mean that the only knowledge
of value is locally derived. Indeed, most scientific knowledge
is inevitably transnational in origin but existing knowledge
must, nevertheless, be interpreted in the local context.
Institutions like universities are critical to the development
paradigm. They must have the necessary skills to transmit
knowledge to the policy community and the political
process must be willing to incorporate that knowledge into
its decision-making. The public will feel confident when it is
communicated to them that policy is informed by evidence
(Box 2). In communicating scientific evidence and ensuing
recommendations both to policy-makers and the wider
public, advisors must be transparent about the sources of this
evidence to garner trust.

and individuals have also offered their Ghana

Although ad hoc science advice mechanisms can deal
with a particular issue, they do not create long-term
value. We suggest that scientific advisory mechanisms be
institutionalized. Simple but effective mechanisms have
been developed and institutionalized in countries such as
New Zealand (Box 5), albeit that the shape of such advisory
systems may vary, depending on constitutional, cultural and
historical contexts.

Although institutionalizing the scientific advisory process
obviously has great longer-term benefits and permits forward
planning, it runs the risk of politicization and institutional
competition. Appropriate protections need to be in place
to ensure the independence and integrity of the advice
given. Academia has a critical role to play in providing that
accountability, as long as it enjoys sustained independence itself.

Scientific advice must not be limited to crises
Effective and trusted scientific advice is not simply a function
of linkages with the policy-maker. It also involves an effective
conversation with stakeholders and the public. In the
presence of misinformation, a growing challenge globally,
trusted honest communication to all citizens takes on critical
importance.

The role of structured scientific advice must not be limited
to emergencies. Much of a government’s decision-making
in areas ranging from education to transport, from energy
to agriculture, from innovation policy to social welfare, can
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Box 5: New Zealand has managed to eliminate the virus

New Zealand has done well in handling
the pandemic since the first case was
reported on 28 January 2020. Arguably
key to New Zealand’s success was

the relatively early clear scientifically
informed determination that
elimination rather than suppression was
a viable option, even if this policy took
time to put in place. Elimination was a
feasible option, as New Zealand is made
up of a group of islands.

A strict border closure was
introduced on 20 March 2020,
accompanied by a two-week period
of quarantine for returning New
Zealanders, aggressive contact tracing
and a seven-week national lockdown.

The virus was considered to have
been eliminated after more than 100
days without any community cases.

A subsequent small outbreak was
nipped in the bud by locking down
the country’s largest city, Auckland,
for a few weeks. A handful of isolated
cases have been rapidly identified and
managed through well-developed
testing and contact tracing.

The population has been highly
compliant and co-operative,

be assisted by appropriate skilled evidentiary synthesis and

reassured by clear communication on
the different levels of social restraint

and lockdown. The prime minister

used sporting analogies to encourage

a united ambition. She referred, for
instance, to the New Zealand population
being‘a team of 5 million’ Both the
prime minister and director-general of
health held daily press conferences for
many months. The quality of science
communication by scientists both within
and without the advisory system was
exemplary.

A novel aspect of the response was the
establishment of a parliamentary select
committee headed by the leader of the
opposition to monitor the response. The
committee’s deliberations were webcast
live, thereby giving the public insights
into the complexities of the national
response. This served to enhance the
transparency of decision-making and
build trust in the system.

There is a lot of respect for science
in New Zealand, which has a well-
developed science advisory system.

The country’s emergency response
system was largely built to handle
natural disasters. It is based on a

co-ordination committee chaired

by the Chief Executive of the
Department of the Prime Minister
and Cabinet. The Chief Science
Advisor to the Prime Minister sits on
the committee. The lead ministry

for the emergency response to the
Covid-19 pandemic was the Ministry
of Health. It has well established
scientific advisory mechanisms and
its own science advisor. The ministry
brought in appropriate modelling and
epidemiological expertise.

The whole of government response
included working with research
institutes, universities and the private
sector to build testing and other
requisite capacities.

The challenge now will be to judge
when and how to re-open the border,
the closure of which over the past
eight months has had significant
implications for many families and for
components of the economy.

Source: Prof. Peter Gluckman, former Chief Science
Advisor to the Prime Minister of New Zealand

low- and middle-income countries are finding a range of

brokerage. Issues such as whether to adopt new technologies
such as gene editing or how to use artificial intelligence and
big data to enhance productivity will be best addressed when
the science is properly considered. Anthropogenic climate
change creates particular challenges which demand input
from both natural and social sciences. With the rapid pace
of technological development, governments will be faced
with many expectations and choices to make on a regular
basis. Sound, holistic scientific advice can do much to assist
governments in such contexts.

Currently, advisory systems are at highly variable stages of

development across high-, middle- and low-income countries.

They cannot be effective or meet their objective if they are
unable to present and digest the evidence independently
of political interference. This requires maturity within the
political and policy communities.
Ultimately, it is up to government to make decisions
that incorporate a broader range of input. However,
these decisions will have a greater likelihood of meeting
government objectives when properly informed by evidence.
There is no singular model to copy but recent experiences
highlighted in the examples on these pages suggest that
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approaches to meet their acute needs in effective ways.

The challenge will be to learn from these lessons, to
determine how the science advisory ecosystem and related
institutions might evolve in every country.

Sir Peter Gluckman (b. 1949: New Zealand) is Chair of the
International Network for Government Science Advice and
President-Elect of the International Science Council. He is
Distinguished Professor, Koi Ta- of the Centre for Informed
Futures at the University of Auckland and former Chief Science
Advisor to the Prime Minister of New Zealand.

Binyam Sisay Mendisu (b. 1979: Ethiopia) is Programme Officer
at the UNESCO-International Institute for Capacity Building in
Africa (Ethiopia). He is Associate Professor in the Department of
Linguistics at Addis Ababa University on a non-full-time basis. He
is also a member of the Global Young Academy and Co-Lead of
its Science Advice Working Group.

ENDNOTES

1 See: http://research.assaf.org.za’handle/20.500.11911/81

2 Professor Diallo is also an executive member of the African chapter of the
International Network for Government Science Advice (INGSA).

3 See: https://www.ingsa.org/covid/policymaking-tracker-landing/
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Covid-19: from crisis management to

sustainable solutions

Eric D'Ortenzio, Evelyne Jouvin Marche, Oriane Puéchal, Inmaculada Ortega Pérez

and Yazdan Yazdanpanah

Shared observations have been key to understanding a
new problem
In France in late January 2020, five patients were diagnosed
with infections caused by a new virus. Two of them were
almost asymptomatic and made a rapid recovery. The
condition of another two was initially reassuring before
deteriorating after ten days and the fifth patient immediately
developed a serious form of infection that led to multiple
organ damage. These five patients were the first known cases
in France of a novel coronavirus disease (Covid-19) caused
by a severe acute respiratory syndrome (SARS). Since the first
known epidemic of this type of coronavirus dated back to
2003, the new coronavirus was dubbed SARS-CoV-2.

SARS-CoV-2 was not known as an infectious agent in
humans until January 2020, when it was identified as the
causative agent of Covid-19, against which human beings had
no natural immunity. Although six other coronaviruses that
infect humans have been studied, including the coronavirus
that causes the common cold, there was no known treatment
or vaccine against SARS-CoV-2.

Since the first cases were described, over 4 000 patients
hospitalized across France for Covid-19 have been enrolled
in an observational study (French Covid), with their willing
participation, in order to improve our understanding of the

disease, its symptoms and how patients respond to treatment.

The data and information collected have been crucial in
helping medical staff fight Covid-19.

In addition, biological samples collected from this
observational cohort have been used in basic and clinical
research. They have been used to study the genome of the
virus, for example, and its interaction with the immune
system. Such samples are valuable because the way in which
the immune system responds to the virus varies widely from
one individual to another. The majority of those infected
with SARS-CoV-2 quickly recover. However, around 20% of
infections require hospitalization and one-quarter of patients
present severe forms of the disease. These cases generally
involve acute respiratory insuf—ficiency and, sometimes,
thrombosis: blood clots form in the veins, reducing blood
circulation and intensifying respiratory problems.

Rapid solutions relied on multinational adaptive trials
Without any known treatment to target the virus directly,
health care professionals initially found themselves powerless
to fight the disease.

In this type of health emergency, the most effective strategy
in the early days is to repurpose existing drugs. The rapid
spread of the disease from one country to another spurred
a practical push for shared solutions. A European clinical
trial known as the Discovery Trial was set up in record time.

Co-ordinated by the French National Institute of Health and
Medical Research (INSERM), it began evaluating the efficacy of
potential drugs against SARS-CoV-2 on 22 March 2020.

The Discovery Trial has been an integral part of Solidarity,
the consortium grouping clinical trials that was announced
by the World Health Organization (WHO) on 18 March 2020.
As of 2 October 2020, this consortium grouped almost 12 000
patients from over 30 countries. The advantage of having
such a consortium is that medical researchers participating in
clinical trials use standardized methods to evaluate the same
molecules, allowing international comparisons.

Solidarity and Discovery were designed as adaptive trials.
The high level of adaptability of these studies makes it
possible to adapt research protocols constantly, in order to
incorporate the most recent and most robust international
findings. In April 2021, discussions are under way with regard
to testing new treatments.

In the fight against a viral disease, a vaccine is the most
appropriate preventive treatment because it confers
immunity to the virus. Although vaccine development is
a gradual process that can take as long as a decade, the
timeline has been compressed for Covid-19. Thanks to the
rapid rallying of investment and previous knowledge of
the infectious mechanisms of similar coronaviruses such as
MERS-CoV and SARS-CoV-1 and immune responses to these,
multiple projects for vaccine development could be launched
within months of the publication of the SARS-CoV-2 genomic
sequence in January 2020. Within a year, the first vaccines had
been approved by the US Food and Drug Administration, the
European Medicines Agency and other regulatory bodies and
were already available in the market.

The pace of vaccine development and the longevity of
vaccine effectiveness also depends on the biology of the
virus. SARS-CoV-2 has a much lower mutation rate than the
human immunodeficiency virus (HIV) or the influenza virus,
for instance. However, as SARS-CoV-2 continues to replicate
freely among the large segment of the population that is
yet to be vaccinated, it is mutating. Several variants have
emerged, some of which appear to be more virulent than the
original form of the virus.

Vaccines are being developed to stimulate an immune
response to a molecule found on the virus called an antigen.
In the case of Covid-19, this antigen is the characteristic spike
protein found on the surface of the virus which enables it
to enter human cells. It is this protein that can trigger an
immune response. Not surprisingly, it is this viral protein that
has been targeted by most of the 182 vaccines listed by the
World Health Organization at the end of 2020.

Four types of Covid-19 vaccine are being developed in
clinical trials: whole virus, viral vector, protein subunit and
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nucleic acid [ribonucleic acid (RNA) and deoxyribonucleic acid
(DNA)]. Whereas some vaccines try to smuggle the antigen

into the body, others use the body’s own cells to make the

viral antigen. Nucleic acid vaccines take the latter approach;
they use genetic material — either RNA or DNA - to instruct
cells to make the antigen. The rapid development of this type
of messenger (MRNA) vaccine against Covid-19 has been made
possible by groundbreaking vaccine research in the early 1990s
which targeted cancerimmunotherapy. One challenge for RNA
vaccines is that they need to be kept at temperatures of about
-20°C, which necessitates specialized cold storage facilities.

Vaccines need syringes - and recipients

The preparation of vaccine options and even the large-scale
production of enough vaccine doses to serve the population
are insufficient in themselves to conquer a pandemic. In

any outbreak, an effective prevention campaign also relies
on the availability of materials, a trained workforce and the
population’s willingness to be vaccinated.

Many countries are grappling with their vulnerability
to global value chains. They have made the disconcerting
discovery that a surge in demand on the other side of the
world can delay their own purchase of critical components
needed to ensure a sustained medical response and
vaccination effort over time. The surge in demand for drugs
and personal protective equipment in the early days of the
pandemic, for instance, led to shortages not only for medical
staff but also for other branches of research relying on the
same materials, such as laboratory gloves.

Some countries were able to call upon the private sector to
address these shortages by approaching other suppliers or
by enhancing their own production capacity using measures
similar to those created in times of war like the repurposing
of factory space. For example, Canada’s Plan to Mobilize
Industry to fight Covid-19, released in March 2020, required
the country’s five Innovation Superclusters involving public—
private partnerships, as well as the Strategic Innovation Fund
and the National Research Council, to prioritize funding
and support for goods and services targeting the Covid-19
pandemic (see chapter 4).

Mobilization improved by co-ordination

The Covid-19 crisis has demanded an unprecedented
mobilization on the part of the international scientific
community. Scientists have risen to the challenge, mobilizing
across fields that span epidemiology, modelling, statistics,
basic science and clinical research, as well as human and
social sciences. This multidisciplinary approach to problem-
solving has made it possible to guide decision-makers
through the crisis. The objectives of this mobilization have
been multifarious: to understand the disease, to improve
its treatment, to develop vaccines rapidly and to anticipate

future pandemic rebounds, in order to protect the population.

Around the world, research agencies and organizations
have set up an array of newly funded research initiatives to
tackle the crisis. In addition to national efforts, a number of
international initiatives have been launched in key areas,
such as vaccine development. In early 2020, the French
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Ministry of Higher Education, Research and Innovation
began financing the effort by three INSERM units to develop
second-generation vaccines against SARS-CoV-2. To this end,
the INSERM teams have established contact with Sanofi and
several other private biomedical companies.

A scramble for solutions can lead to quick results but also to
duplication and wasted resources. To mitigate these concerns,
French research institutions decided to form a consortium
called REACTing in 2013 that has been co-ordinated by
INSERM. REACTing has facilitated the provision of emergency
seed funding for research from the Ministry for Solidarity
and Health and the Ministry of Higher Education, Research
and Innovation. It has also facilitated the fast-tracking
of regulatory authorizations for clinical trials. It has been
instrumental in collecting patient data and epidemiological
information while co-ordinating national research efforts with
other European countries.

REACTing has provided a link to funding mechanisms of
the European Commission which have provided support for
networks of national partners. The REACTing network has
helped to identify a set of national research priorities based
on those initially proposed by WHO. This has led to calls from
various French research funding sources for projects that
are expected to deliver results within 18 months. In 2020,

32 projects addressing Covid-19 were financed through the
REACTing network for a total of € 1 775 000.

New agency to tackle emerging infectious diseases
Crisis management is temporary, by definition. To ensure
that the French research and medical communities are better
prepared to tackle the next emerging infectious disease, the
government created a new research agency on 1 January
2021 by merging the Inserm-REACTing consortium with

the French National Agency for Research on AIDS and Viral
Hepatitis (ANRS). Going by the name of ANRS|Emerging
Infectious Diseases, the new agency is responsible for
facilitating, co-ordinating and funding French research on
emerging infectious diseases. It enjoys great autonomy

in terms of policy-making, priority-setting and budget
management. Each year, the agency will launch calls for
research proposals which, together with grant applications,
will be reviewed by international advisory boards and
scientific committees.

The new agency'’s research scope encompasses that of the
two previous structures, addressing HIV/AIDS, viral hepatitis,
sexually transmitted infections, tuberculosis and emerging
infectious diseases, including emerging respiratory infections,
viral hemorrhagic fevers and arbovirosis. The agency is active
across a broad range of research disciplines: basic research,
clinical research, public health research, epidemiology and
social sciences. The new agency integrates the ‘One Health’
approach, addressing human and animal health, as well as the
impact of human activities on the environment.

ANRS has previously sponsored hundreds of clinical trials to
evaluate therapeutic strategies. Patient associations and civil
society representatives will continue to play a key role in the
new agency, with these ties being strengthened through the
development of community-based research.



International collaboration is critical during a crisis

One priority of the new agency will be to strengthen
collaboration with existing research platforms in low- and
middle-income countries, particularly those directly affected
by emerging infectious diseases. The research facilitated

by the agency is intended to support national public

health policies in these countries through the production

of standardized research outputs. There are also plans to
develop partnerships with national and international research
institutes, universities and hospitals.

The new agency is also strengthening links with
international public health organizations such as WHO,
the European Commission, UNAIDS, the Global Fund to
Fight AIDS, Tuberculosis and Malaria, Unitaid, the European
and Developing Countries Clinical Trials Partnership, and
the Global Research Collaboration for Infectious Disease
Preparedness. The goal of such partnerships is to ensure
optimal information exchange and to facilitate and accelerate
the implementation of public policies based on scientific
findings for the benefit of the global population as a whole.

A virus like SARS-CoV-2 will continue to spread - and
mutate into potentially more threatening variants — until
global immunity is achieved. This imperative has spurred the
drive to ensure that as many people as possible around the
world have access to immunization, supported by WHO's
Covid-19 Vaccines Global Access Facility (Covax). International
collaboration can serve national health interests: beyond
the urgent need for immunization against Covid-19, the
prevention of a future pandemic or, failing that, an effective
response, could be driven by local research and monitoring
capacity across the globe.

International collaboration is critical during a crisis but
faces many obstacles, including geopolitical and economic
considerations and the lack of harmonized standards for data-
sharing and clinical trials. There is a need for effective new
mechanisms to facilitate international collaboration and build
trust among relevant national institutions.

Scientific research and public policies are mutually
reinforcing

The current crisis has demonstrated the importance of
science, including research, in leading the global response to
crises (Akhvlediani et al., 2020). To build the foundations of an
adequate response, research must be considered at its true
value and financed in line with its ambitions. Research is an
essential element before, during and after a crisis. Scientific
research and public policies are mutually reinforcing.
Scientific research provides evidence to inform and support
decision-making and the implementation of public policies.
In turn, policies that inform and support scientific institutions
build resilience to future crises.
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The time for open science is now

UNESCO is developing a Recommendation on Open Science which will be submitted to member

states for approval in November 2021.

Ana Persic, Fernanda Beigel, Simon Hodson and Peggy Oti-Boateng

An urgent need for open science

Many of the fundamental issues faced by people and planet
today are multifaceted and know neither geographical, nor
political borders. From climate change to biodiversity loss,
global pandemics and natural disasters, the challenges are
complex and interconnected.

To respond to these challenges, we need complex,
interdisciplinary knowledge and reliable information
accessible to all. We need timely, free access to the best-
quality data, publications, information and innovation.

We need a modern vibrant scientific community that
extends beyond the walls of scientific organizations, beyond
disciplines and traditional ways of doing science. We need an
informed society well-equipped to fight misinformation and
support evidence-based decision-making. Last but not least,
we need the infrastructure and platforms to ensure that this
wealth of information and data reaches us all.

Our increasingly digital world gives the scientific
community an unprecedented opportunity to harness the
immense potential of science for the benefit of society. The
Internet has made it possible for scientists on opposite sides
of the Earth to collaborate without meeting face to face.

The trend towards international co-authorship is picking
up speed, even in wealthy countries, according to a study
conducted for the UNESCO Science Report (Figure 1; see
chapter 1). Moreover, scientists in developing countries
increasingly count their peers from the same region among
their closest collaborators.

Scientists now have an opportunity to share their research
data, methods, protocols and code, laboratory notes and
other materials by making them freely available online, under
terms that enable this research to be re-used, reproduced,

Figure 1: Share of publications involving co-authors from
two or more countries, 2015 and 2019 (%)

2015 21.7
2019 World 235
304
High-income countries
355
U iddle-i tri 249
er middle-income countries
PP 27.4
Lower middle-income countries 29.1
29.6

721

Low-income countries
70.0

Source: Scopus (excluding Arts, Humanities and Social Sciences); data treatment by
Science-Metrix
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redistributed and credited. This approach is at the very heart
of open science. In a break from our traditionally closed
science systems, the open science movement has vowed to
make the scientific process more transparent, more inclusive
and more democratic. The culture of sharing, at the core of
open science, nurtures synergies and avoids duplication of
scientific effort, leading to research that is conducted more
quickly and efficiently, easier to scrutinize and, therefore, of
higher quality.

The origins of open science

Of course, open exchanges among scientists were not born
with the World Wide Web in 1993. Ever since the publication
of the first scientific journals in the 17* century, ensuring
broad access to scientific knowledge has been a matter of
societal concern. The first scientific societies were established,
in order to enable scientists to communicate and collaborate
with one another, as well as to share the results of their
experiments. To take one among innumerable examples, in
1800, Italian physicist Alessandro Volta wrote to Joseph Banks
of the Royal Society in the UK to share details of his invention,
an ‘electric pile’ (battery) which would go on to become the
first viable source of electricity.

Over time, publishers of scientific journals would become
the main owners of scientific knowledge. As a result, a major
proportion of publicly funded research has ended up locked
behind the paywalls of commerecial scientific publishers,
unavailable to all but those who could afford the journal
subscription, such as wealthy universities and research
institutes.

To counteract this trend, the global open access movement
has taken advantage of the World Wide Web's potential to make
scholarly research literature freely accessible online (Box 1).

One hub for this movement has been Latin America, where
efforts to create public, unrestricted repositories date back
to the founding of the Regional Library of Medicine (BIREME,
for its Spanish acronym) in 1967. This endeavour was pursued
with the creation of indexation databases (Clase, est. 1975;
Periédica, est. 1978) and the regional repositories of Latindex
(1997), SciELO (1998) and Redalyc (2005) established by public
institutions.

A key actor in the open access movement has been
the International Network for the Availability of Scientific
Publications, established in 1992 by the International Council
for Scientific Unions (ICSU), as it was then known.'

Today, UNESCO hosts the Global Open Access Portal, which
monitors the status of open access to scientific information in
158 countries.? The portal also hosts a repository of scholarly
resources available in open access.



Open access has spawned some unintended
consequences
In broadening access to scientific findings, open access
practices have spawned some unintended consequences.
For example, scholarly journals currently charge an article
processing charge (or publication fee) to cover the cost of
the peer review process, editing, typesetting, graphic design,
indexing, rights management, sales and dissemination of
scientific articles. This publication fee, which is borne by the
author, is a heavy burden for scientists with modest means,
particularly in developing countries.

So-called predatory publishing exploits the open access
publishing model by exploiting the pressure on scientists
to publish, without providing such vital services as quality
control, licensing, indexing and content preservation, in order
to maximize profits. Predatory journals, thereby, significantly
undermine the quality of published articles. There is a need
for greater transparency of the peer review and journal
publication processes to combat such predatory practices.

A need for new funding arrangements
This calls for new types of funding arrangement between
universities and publishers or funding agencies and
publishers that are in a position to offer sustainable
alternatives to either the ‘author-pays’ or ‘reader-pays’ models.
Many funders currently cover publication costs as part of
research grants, with some funders now conditioning funding of
a proposal on a commitment by the beneficiary to open access
publishing and/or communication of their research results.
Since January 2021, open access publishing has been
compulsory for any grantee funded by cOAlition S, a group
comprising 22 international organizations, European national
research agencies and foundations. However, this can lead to
inflation of the publication fees in open access journals. The
group is now pushing for price transparency. From July 2022
onwards, science journals will have to disclose their publishing
costs, in order to be eligible for payment in return for
publishing any research funded by cOAlition S (Wallace, 2020).
The European Commission is launching another model in
2021. Through Open Research Europe, an open-access peer-
reviewed publishing platform for projects funded through
the Horizon 2020 (2014-2020) and Horizon Europe (2021-
2027) research and innovation programmes, the European
Commission will pay a flat fee of € 780 per publication.?

There is a growing number of viable alternatives to the
author-pays system. These range from national or regional
funding agreements to membership-based systems or co-
operatives grouping multiple institutions. Among the latter
is SCiELO. This network now encompasses 16 countries in
Latin America and Europe, along with South Africa. Similarly,
AmeliCA and Latindex have been designed as regional
networks composed of public institutions and research
agencies from different countries.

Beyond the resources required to publish an article, the
future reach of science will depend on its distribution and
long-term storage. This responsibility may rest with the author
(common in‘green’ open access models) or with the publisher,
considered the gold standard.

Moving beyond open access

The open access movement has gradually evolved into

an open science movement that seeks to make the entire
scientific process more accessible and transparent by sharing
data, protocols, software and infrastructure. Moving beyond
the traditional scientific community, the open science
movement has also embraced engaging with citizen science
and other epistemologies, such as indigenous and local
knowledge systems. This openness strengthens the links
between theory and practice, science and society. Open
science also provides an opportunity to enhance synergies
between research, development and innovation.

Since the early 2000s, scientists and other stakeholders,
such as funders, knowledge societies, publishers and libraries,
have joined forces to advocate a more systematic application
of open science principles throughout the scientific process.
Initiatives include the 2002 Budapest Open Access Initiative
(Hungary), the 2016 Amsterdam Call for Action on Open Science
(Netherlands) and the 2017 Jussieu Declaration for Open
Science and bibliodiversity’ (France).

In addition, key principles for open science have been
developed to ensure good practices in data- and information-
sharing. Examples include, the OECD Principles and Guidelines
for Access to Research Data from Public Funding (2007) and the
Royal Society report, Science as an Open Enterprise (2012).

In 2016, the European Commission adopted the guiding
principle ‘as open as possible and (only) as closed as necessary’
and, in the same year, the FAIR Guiding Principles for scientific
data management and stewardship.® The latter outline how

Box 1: Facts and figures on open access

As of 2020, over 12 500 journals are
listed in the Directory of Open Access
Journals, with 3 900 Open Repositories
for Journal Articles.*

However, five commercial publishers
are responsible for more than 50%
of all published articles and about
70% of scientific publications are still
unavailable in open access.

In Europe, an estimated € 475 billion is
spent each year on periodicals big deals
with five major publishers. This amount
is growing by 3.6% per year, on average,
and is fully paid by the public purse. The
bulk of these costs (72%) come from
university budgets.

Roughly 75% of predatory journals
target researchers in low- or middle-

income countries, according to
Callaghan and Nicholson (2020).

The Covid-19 crisis has shown how
rapidly things can change: according
to the Digital Science Dimensions
platform,® just 14% of all published
articles related to the pandemic were
not open access in 2020.

Source: compiled by authors
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the utility of data can be maximized and whether they need
to be protected or can be made open access. To comply
with the complementary CARE principles for Indigenous Data
Governance (2019),” any study which creates data must
incorporate the principles of collective benefit, control,
respect and ethics before any such data can be made open
access.

Open science: a global movement

The open science movement extends across the globe.

Latin America is seen as a model, with the main drivers for
open access being public universities and government
organizations, with no outsourcing to commercial publishers.
Publicly funded, scholar-led initiatives (Latindex, SciELO,
Redalyc) have helped journals in the region to improve
quality, make the transition to open access without recourse
to article processing charges and to provide initial open
access indicators.

In the European Union (EU), the open science goal is
materializing in the context of the European Open Science
Policy Platform established in 2016 and through the
development of a European Science Cloud initiated in 2016,
new requirements for EU-funded research with respect
to open access to scientific data generated by EU-funded
projects and Plan S for open access to scientific literature,
launched in 2018 (see also chapter 11).

The African Open Science Platform was launched in 2017
then extended in 2020. It is based on the principles of sharing
and collaboration embodied in the concept of ubuntu.

Major open science and research data platform initiatives
are also underway in China, Malaysia, Australia, Canada,
Germany and elsewhere.

At the same time, a growing number of countries have
developed national open science policies, including Canada,
France and Serbia.

Lessons learned from the Covid-19 pandemic

The Covid-19 pandemic has further highlighted the critical
need for prompt, universal access to science. It has also
shown the incredible potential of scientific collaboration. It
was thanks to international scientific collaboration that the
coronavirus could be sequenced in record time.

The speed with which scientists, corporations and
governments have mobilized to find a vaccine for Covid-19
is commendable. Pharmaceutical companies are publishing
their data on vaccine development in specialized journals,
where other specialists such as virologists and infectologists
can see them, offering additional transparency that can serve
to reassure the public. This shows the value of linking open
science to open innovation to ensure the timely development
of solutions for the benefit of all.

From the outset, the signatories to the Wellcome Trust
(2020) statement committed to making all research and data
on the Covid-19 outbreak available immediately, either via
journal platforms or preprint repositories for those items that
had not yet been peer-reviewed. These signatories included
major scientific publishers, scholarly institutions and science
funders.
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However, as argued by Lariviére et al. (2020), the papers
and book chapters that have entered the public domain
through this measure represent only a tiny proportion of
the available literature on this coronavirus.

The outbreak has also highlighted two inefficiencies
in the research system: the tendency to default to
closed science and the overemphasis on the priorities of
mainstream and English-language publishing, irrespective
of the context and consequences of the research involved.
As noted by the UNESCO Director-General, Audrey Azoulay,
in October 2020, the key priority today is ‘to ensure that
open science does not replicate the failures of traditional
closed science systems. It is these failures that have
led to high levels of mistrust in science, the disconnect
between science and society, and the widening of science,
technology and innovation gaps between and within
countries’ (Azoulay, 2020).

Conditions for a smooth transition to open science
For open science to become a global reality, all scientists
and all nations will need to participate. This will require
adequate resources, capacity-building and investment

in open science infrastructure. The opportunities of

21 century technology and open science are enormous
but they require public investment: in data repositories,

in the maintenance of the documentation, metadata and
semantics that allow data, code and other resources to

be accessed, combined and reused. However, the more
pertinent question to ask is not how much needs to be
invested by research funders but, rather, how much would
be lost by not investing in open science? For example, a
report commissioned by the European Commission (PWC,
2019) has established a conservative estimate of € 10.2 billion
for the opportunity cost of not having FAIR data.

In addition, the current assessment, evaluation and
reward systems for scientists, based on citation counts
and the impact factor of publications, fuel competition to
publish in prestigious journals at the expense of enhanced
scientific collaboration, sharing of knowledge and engaging
with society. The standard contribution to science is
changing rapidly; this change needs to be facilitated.

The traditional human-readable article is no longer
sufficient in most domains. Increasingly, output also
needs to comprise a machine-readable summary of the
key findings, the supporting data, code, analytical tools
and algorithms such that the findings can be aggregated,
scrutinized, reproduced and reused.

There is an urgent need for a global change to the science
evaluation and reward system, in order to encourage the
transition to open science, in particular for young scientists
embarking on their career.

In the absence of a global policy framework for open
science, mismatched practices and the absence of
harmonized legal and technical frameworks for sharing
information and data are already posing challenges for
international scientific co-operation. Appropriate norms and
standards also need to be established to address ethical and
legal issues related to data collection and access to data.



A recommendation to set global standards for open science
With UNESCO being the sole United Nations agency with

a mandate for science, it was logical that it should take

up the question of open science. In 2019, UNESCQO’s 193
member states tasked the Secretariat with developing

an international standard-setting instrument in the form

of a Recommendation on Open Science, to be adopted

in November 2021. These instructions emanated from

the Organization’s supreme governing body, the General
Conference, which meets every two years.

Through recommendations, governments formulate
global principles and norms for the international regulation
of a given question, with the intention of influencing the
development of national laws and practices in accordance
with these norms.

The process of developing a global recommendation is as
important as the recommendation itself, for it is through a
series of multistakeholder consultations over the past three
years that a common definition of open science will crystallize.

These consultations make it possible to pinpoint key
benefits of open science and barriers to this practice, in order
to identify regional priorities and specific challenges scientists
and other open actors face, particularly in developing
countries. It has been vital for this first international legal
instrument on open science to acknowledge and address
the possible unintended consequences of open science in
different scientific and regional settings, as outlined above.

With this in mind, UNESCO has held a series of online and
face-to-face consultations since December 2019 to stimulate
an open debate. These consultations have brought together
member states; policy-makers; the scientific community,
including young scientists; key scientific institutions and other
entities at both international and national levels; relevant
United Nations agencies; ordinary citizens; and traditional
knowledge-holders.

The potential of open science is universally recognized
All regions have acknowledged the potential of open science
but regional priorities vary. For example, in Western Europe
and North America, the need to align incentives for open
science has been identified as a key priority. This process will
mean reviewing the current systems of scientific evaluation and
rewards based on the principles of open science. Other priorities
include: promoting a new generation of innovative forms of
collaboration, including with societal actors beyond the scientific
community; respect for bibliodiversity; harmonization of data
protection policies; and investment in shared and co-ordinated
infrastructure to facilitate open science, taking into account
regional and disciplinary specificities.

In Eastern Europe, key priorities include developing
and aligning national initiatives on open science on the
basis of good practices from other regions, in general, and
the European Union, in particular. Another priority is to
address some of the potential unintended consequences
of transitioning to open science, such as high article
processing charges for individual researchers or their research
institutions, the publication of data and knowledge without
proper quality control and the oversimplification of science.

Actors in Latin America and the Caribbean have argued
for a comprehensive and globally co-ordinated approach
to open science that addresses the structural needs of
emerging and developing economies and ensures that the
benefits of open science are fairly shared among all nations.
They prioritize ensuring sustainable access to infrastructure
and compatibility with national priorities, regulating the
commercialization of open data, multilingual engagement
and the fair and equitable inclusion of historically
marginalized knowledge-holders. Practices for evaluating
open science have been identified as priorities for the
UNESCO Recommendation on Open Science to address.

In Asia and the Pacific, actors pointed to the need for a
common vision of open science, a coherent regional policy
framework and practical guidelines on different elements,
practices and policies in relation to open science. They also
highlighted the need to strengthen regional co-operation,
including through the establishment of a regional platform
for open science accompanied by regional capacity-building
programmes.

For actors from Africa, it will be critical to invest in
connectivity and infrastructure such as computer hardware
and software, to dismantle barriers to open science. The
transition to open science will also need to be accompanied
by the development of an institutional capacity for
science, technology and innovation and an enabling
policy environment. More efficient scientific collaboration
and networking, including the sharing and scaling up of
good practices in regional collaboration, will be critical
to counteract the negative impact of high dependence
on international collaboration and retain more data and
information in Africa, in order to generate new knowledge
and attract more substantial research funds at the regional
level.

In the Arab States, the transition to open science will
primarily require a cultural shift from a competitive to
collaborative mode for the practice of science. This shift
will need to be accompanied by policies and the technical
capacity to manage intellectual property rights in relation
to open science. Infrastructure will need to be built and
regional repositories established. Actors highlight the need
for a greater awareness of open science as a key enabler of
innovation and prosperity. It will also be imperative to ensure
that research output is accessible, of quality and subjectto a
fair evaluation. In order for open science to flourish, there will
need to be greater transparency and stronger links between
research and societal impact.

Generally speaking, there are barriers that will need lifting,
if we are to operationalize the concept of open science to
its full potential. For one thing, there is still no common
understanding of what is meant by open science. There is also
the question of the cost of open science, possible misuse of
open data and information, the low quality of some scientific
output and the predatory behaviour of certain open access
journals.

There is also a mismatch between the principles of open
science and the current career evaluation systems. Moreover,
it will be vital to deal with the vast differences in connectivity,
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capacities and resources which may deepen the North-South
digital and scientific divide.

As we move towards a global consensus on the issue, the
first draft text of the UNESCO Recommendation on Open
Science has defined open science as an umbrella concept
combining various movements and practices aiming to:

make scientific knowledge, methods, data and evidence
freely available and accessible to everyone;

increase scientific collaboration and the sharing of
information for the benefit of both science and society; and

open the process of scientific knowledge creation
and circulation to societal actors situated beyond the
institutionalized scientific community.

This first draft Recommendation argues that scientific output
should be as open as possible and only as closed as necessary,
mindful of issues relating to security, privacy and respect for
the subjects of scientific study.

Fulfilling the human right to science

Open science is increasingly perceived as a key accelerator for
the United Nations’ Sustainable Development Goals to 2030
and a powerful tool to bridge the science divide between and
within countries.

Itis also considered a potential game-changer in fulfilling
the human right to science, as stipulated in Article 27 of the
United Nations Declaration of Human Rights (1948) and
reaffirmed in the UNESCO Recommendation on Science and
Scientific Researchers (2017). The latter promotes science
as a common good (see p. 24). It states that ‘open science,
including the sharing of data, methods, results and the
knowledge derived from it, intensifies the public role of
science and should be facilitated and encouraged!

Article 21 of the Recommendation on Science and Scientific
Researchers stipulates that, 'so as to ensure the human right
to share in scientific advancement and its benefits, member
states should establish and facilitate mechanisms for
collaborative open science and facilitate sharing of scientific
knowledge while ensuring other rights are respected!

The UNESCO Recommendation on Open Science will fulfil
this ambition.
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Scientific literacy:

an imperative for a complex world

Susan Schneegans and Shamila Nair-Bedouelle

In the pandemic, the public has turned to science
Science communication has come to the fore during the
Covid-19 pandemic, as the world struggles to understand
the calamity that has befallen it. Science communicators
have served as a bridge between decision-makers and the
general public, answering questions such as: Where did the
virus spring from? How does it infect human cells? Is there an
effective treatment? How can | protect myself from infection?
How long will it take to develop a vaccine?

From the outset, the public has turned to science
for answers to these questions. Scientific institutions,
advisors, journalists and others have taken up the gauntlet,
communicating to the public on the science behind SARS-
CoV-2 and on measures to tackle it through interviews,
articles, blogs and other media. Their role has been vital in
persuading the public to comply with collective efforts to
curb the spread of the virus such as mask-wearing in public
places, social distancing and quarantines.

Combating the ‘infodemic’

However, as the World Health Organization (WHO) put it,
there has also been an‘infodemic’ of misleading information
about the pandemic. The United Nations Secretary General
has lamented that, ‘as Covid-19 spreads, a tsunami of
misinformation, hate, scapegoating and scare-mongering has
been unleashed.

In 2020, more than 130 countries signed a Cross-Regional
Statement on the ‘Infodemic’ in the context of Covid-19.!

It observes that ‘the spread of the “infodemic” can be as
dangerous to human health and security as the pandemic
itself. Among other negative consequences, Covid-19 has
created conditions that enable the spread of disinformation,
fake news and doctored videos to foment violence and divide
communities!

The Statement recalls that the Covid-19 crisis has
demonstrated the crucial need for access to free, factual,
trustworthy and science-based information. It affirms that
the pandemic has confirmed the key role played by free,
independent, responsible and pluralistic media to enhance
transparency, accountability and public trust.

The signatories go on to say that’many countries,
including ours, and international institutions, such as the
WHO and UNESCO, have worked towards increasing societal
resilience against disinformation, which has improved overall
preparedness to deal with and better comprehend both the
“infodemic” and the Covid-19 pandemic. In order to counter
the spread of disinformation, UNESCO has been promoting
open educational resources, networks of fact-checkers and
resources promoting media and information literacy.?

Trust science!

When UNESCO's High-Level Reflection Group met in October
2020, economist Fouad Laroui observed that‘science is in
crisis. We have seen it clearly during the pandemic but also
in relation to climate change. Over the last 20 years or so, we
have seen growth in the idea that science is just a belief like
any other. This is very dangerous.3

He observed that, until recently, ‘mass touting of
superstition and niche conspiracy theories have been the
exception, rather than the rule’ but that, ‘with the advent
of the Internet and other methods of information-sharing
that allow such untruths to spread widely and rapidly, it is
becoming more and more common!

For Dr Laroui, ‘conspiracy theories like the idea that the
world is flat can be largely harmless but, for example, the
perspective that vaccines are bad and, more importantly,
holding that perspective on a par with scientific proof to the
contrary, leads to a very real impact on people’s health - and
it is incredibly problematic when you have these kinds of
narrative perpetuated at higher levels of decision-making
and communication. We have seen this happen during the
pandemic, with disastrous results!

When questioned in 2020 through UNESCO's The World in
2030 Survey about global challenges associated with health
and disease, more than half of respondents described 'not
knowing which information to believe or who to trust’as
being a top concern.*

These findings led UNESCO and its partners® to make
‘trust science’ the theme of the International Day of Light on
16 May 2021. As part of this awareness-building campaign,
supporters of science are being encouraged to sign a pledge
to trust science. UNESCO has been among the first signatories.

Scientific literacy can combat disinformation

Scientific literacy can be an effective buffer against the anti-
science movements which seek to sow doubt in the public’s
mind by disseminating information they know to be false. In
their book, Oreskes and Conway (2010) show that the tactics
used by the fossil fuel industry to disparage climate science, sow
doubt in the minds of US citizens and block regulatory action
were the same as those used by the tobacco industry to counter
research on the harmful effects of smoking on health. Oreskes
and Conway (2010) also show that many of the same individuals,
public relations firms, advertising agencies and think tanks that
were spreading disinformation about climate change had close
ties to both fossil fuel and tobacco companies.

Conspiracy theorists, industrial lobbyists and other peddlers
of anti-science can gain no traction with the scientifically
literate, since the latter know that science is about evidence,
not opinion.

The shifting landscape for scientists | 17

sAess3y



The Covid-19 pandemic has emphasized the importance
of scientific literacy both in the wider population and
among decision-makers, such as local and central
government officials and parliamentarians. Scientifically
literate government leaders have been quick to understand
the value of a science-based approach to tackling the
pandemic; within weeks of the outbreak in early 2020, they
had set up ad hoc scientific committees to manage the
crisis.

Scientific literacy is not the same as science literacy. The
latter focuses on the acquisition of scientific or technical
knowledge for practical application, in order to train the
next generation of scientists, engineers and technicians.
This specialized group makes up a small proportion of the
population. Even in a highly industrialized country like
Germany, there were only 5 212 researchers and 2 018
technicians® per million inhabitants in 2018, according to
the UNESCO Institute for Statistics.

Scientific literacy, on the other hand, targets the
wider population. It seeks to impart the scientific way of
thinking, to equip people to approach problems from
an analytical perspective. The enquiry-based approach
to learning advocated by UNESCO teaches children
the scientific method, which hinges on observation,
measurement and experimentation. Pupils learn to
formulate hypotheses that they then test and adjust,
in light of the results of their experiment. As Sir Peter
Medawar put it in his Advice to a Young Scientist (1979),

‘all experimentation is criticism. If an experiment does
not hold out the possibility of causing one to revise one’s
views, it is hard to see why it should be done at all"

The value of nuanced thinking

A critical component of scientific literacy is the ability to
understand nuance. Much of the cultural misunderstanding
between the public and the scientific community stems
from the fact that the public thrives on certainty, whereas
scientific discovery thrives on uncertainty.

This antagonism has been addressed in policy-making
by the introduction of the precautionary principle.

This principle dictates that, in the absence of scientific
consensus, the burden of proof that an action or policy will
not be harmful rests with those intending to act.

The scientist thrives on the eternal quest for answers.
The scientific literate understands this process of continual
readjustment as new facts come to light. The scientific
illiterate, on the other hand, tends to perceive nuance
as weakness. This places pressure on decision-makers to
supply definitive answers to complex questions.

This dichotomy was illustrated by an exchange during
the presentation of the Intergovernmental Panel on
Climate Change’s 2013 report on the physical science basis
for climate change at UNESCO headquarters in Paris. A
journalist in the room asked one of the scientists present
to describe what a warmer world would look like in the
year 2100. The scientist responded by outlining a range
of scenarios, each reflecting a different pace of global
decarbonization. The journalist laid down his pen.
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In this instance, the journalist was looking to convey certainty
to his readership - ‘this is what the world will look like in the
year 2100’ -, whereas the scientist was seeking to convey
nuance. Climate sceptics have seized on this propensity

for nuance to claim that there is no scientific consensus on
climate change.

In response to public demand for certainty, the
Intergovernmental Panel on Climate Change (IPCC, 2007)
introduced measurable terms into its 2007 report on the
physical science basis of climate change, such as‘very
likely’ (90% probability of occurrence). For instance, they
wrote that‘most of the observed increase in global average
temperatures since the mid-20th century is very likely due
to the observed increase in anthropogenic greenhouse gas
concentrations. Climate sceptics seized upon this concession
to claim a lack of scientific consensus and sow doubt about
the human role in climate change.

The science communicator as ‘interpreter’

The role of the science communicator is to provide accurate,
timely information that helps the public to understand the
key issues of the day and recognize disinformation. The
science communicator plays a crucial role in spreading
scientific literacy by acting as an‘interpreter’ to facilitate

the dialogue between scientist and citizen. A good science
communicator explains the science behind the issues

but also nuances this information, relating what is known
without glossing over knowledge gaps.

In much the same way, the science advisor facilitates
the policy dialogue between the scientific community and
the executive and legislative branches of government by
presenting the facts while underscoring information gaps
and evoking different scenarii to inform policy action.

The more educated the citizen, the better they will
understand nuance. This mental elasticity is vital when it
comes to analysing options in relation to emotionally charged
issues such as genetically modified crops, the implications of
climate change, vaccination or the current Covid-19 pandemic.
For instance, several promising treatments for Covid-19
were ultimately deemed ineffective after being trialled on
coronavirus patients. It would be regrettable for such news to
undermine public confidence in the capacity of the biomedical
profession to identify solutions. On the contrary, the public
should consider a failed experiment to be part of the normal
process of trial and error in which scientists engage when
faced with a new disease for which there is no known cure.
That such experimental failures have been publicized should
be embraced as a sign of transparency.

The growing practice of sharing research findings by
publishing them in open access journals is accentuating
the transparency of the scientific process. Moreover, since
academic institutions are increasingly collaborating on
research projects with industrial partners, many academic
journals now compel researchers to disclose any potential
conflict of interest, such as when their work has been
financed by a particular industry. The disclosure of conflicts
of interest is vital to reinforce public trust in the probity of the
scientific process.



Science has value only if we know what to do with it

In 1999, UNESCO and the International Council for Science
organized the World Conference on Science to establish a
new social contract for science. The thinking behind this new
contract was that, were science to become more attuned

to society’s needs through greater interaction between the
various stakeholder groups (governments, parliamentarians,
scientists, the business enterprise sector, civil society), this, in
turn, would make society more supportive of science, leading
to higher funding levels for research (UNESCO and ICSU, 1999).

For instance, citizens who are scientifically literate can
make a valuable contribution to the design of public policies,
such as when approached through public consultations. An
interim report in late 2019 on the status of implementation
of Iceland’s Policy and Action Plan 2017-2019 noted that
the organization of public consultations had brought
research priorities closer to the needs of Icelanders. These
consultations revealed that Icelanders were most preoccupied
by the state of the environment (see chapter 11).

A scientifically literate population can influence public
policy in other ways. In 2020, UNESCO analysed scientific
publishing trends for a sample of 56 research topics of
relevance to the Sustainable Development Goals. The topic
of floating plastic debris in the ocean showed the fastest
growth, albeit from a low starting point. Consumer pressure
and policy changes over the past decade - such as legislation
regulating single-use plastic bags — have been informed
by a growing body of research and related media reports
documenting the extent and impact of floating plastic debris
in the ocean (see chapter 2).

In the past few years, several European countries have
set up committees composed of about 150 citizens drawn
from all walks of life who have been invited to interact with
experts with a view to proposing measures to reduce their
country’s greenhouse gas emissions. In France, for instance,
the government has taken up a range of legislative proposals
from its own Citizen Convention on the Climate; one such
proposal concerns banning domestic flights to destinations
that can be reached by train in two and a half hours.

It is vital that parliamentarians, themselves, be scientifically
literate. This consideration led UNESCO to launch an
international programme at the turn of the century to
promote dialogue between parliamentarians, scientists and
the rest of society, in order to foster an informed legislative
process attuned to society’s preoccupations.

In sum, science has value only if we know where to find it,
what to do with it and how to integrate it into a wider system
for the well-being of humanity and the planet. That system
must include a scientifically literate population.

Susan Schneegans (b. 1963: New Zealand) is the Editor-in-Chief
of the UNESCO Science Report series.

Shamila Nair-Bedouelle (b. 1960: South Africa) is Assistant
Director-General for Natural Sciences at UNESCO.
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The integration of refugee and displaced
scientists creates a win—win situation

Peter F. McGrath and Edward W. Lempinen

A global challenge

Worldwide, every two seconds, someone is forcibly displaced
from their home by conflict or persecution, according to the
United Nations Refugee Agency (UNHCR). There are currently
some 79.5 million displaced persons in the world, the highest
number on record. Of these, 45.7 million are internally
displaced, 26.0 million are officially classed as refugees and
another 4.2 million are asylum-seekers. Five countries account
for 68% of all refugees: Syria (6.6 million), Venezuela (3.7
million), Afghanistan (2.7 million), South Sudan (2.2 million)
and Myanmar (1.1 million) [UNHCR, 2020].

The scientific communities in these countries have been
deeply affected by war, repression and dislocation. Consider
Syria. Before the outbreak of civil war in 2011, Syria had
scientific, medical and engineering institutions that were
among the most respected and influential in the Arab region
but, by 2015, the Syrian civil war had provoked perhaps the
largest human migration seen since the Second World War.

By this time, Syria counted 340 researchers (in head counts)
per million inhabitants, according to the UNESCO Institute for
Statistics. A rough calculation, therefore, suggests there could
be more than 2 200 researchers among the 6.6 million Syrian
refugees. This figure most likely excludes trained medical
personnel and PhD students.

Indeed, the Covid-19 crisis in Europe, and the concomitant
urgent need for more trained medical personnel, has shone
a spotlight on the 14 000 Syrian doctors living in Germany
alone who are waiting for their qualifications to be approved
(Connolly, 2020).

It is not only outbreaks of violence that compel people to
flee their homes. Venezuela, for example, once had a vibrant
research sector but has witnessed socio-economic and
political instability that has propelled more than five million
Venezuelans - almost 20% of the population - out of the
country, as of 2020." This exodus began more than a decade
ago but it surged in 2015 and is still ongoing as conditions
deteriorate. By one estimate, Venezuela counted an estimated
12 850 researchers in 2014 but only about 3 000 remained a
few years later (Bolanos-Villegas et al., 2020).

According to a personal communication by Gioconda San-
Blas, former president of the Venezuelan Academy of Physical,
Mathematical and Natural Sciences, major Venezuelan
universities have lost around 45% of their academic staff. This
brain drain caused the country’s scientific productivity to
nosedive from 1 695 to 1 091 publications between 2014 and
2019 (see chapter 7).

Scientific expertise must not go to waste

Itis the considered view of UNESCO and like-minded
organizations that both the global scientific community and
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governments have a strong interest in understanding the
experience of displaced scientists and supporting them, to
ensure that their skills and training do not go to waste. To
be effective, scientists, engineers and medical doctors must
stay abreast of advances in their field. Time spent in refugee
camps, travelling to and settling in new countries, perhaps
caring for families and taking on menial jobs to ensure a basic
income, all detract from the exigencies of a scientific career.
Governments and other stakeholders must be able to
identify highly trained individuals rapidly and integrate them
in universities, research institutions, teaching hospitals and
private enterprises. In so doing, host countries will serve their
own interests while enabling displaced scientists to preserve
and develop their expertise and live in dignity until conditions
improve enough for them to return home - for many of them
will, ultimately, return to their countries of origin, where their
expertise will be needed to help rebuild their societies.

No-one knows the numbers

The problem is that nobody is keeping track of precisely how
many refugee and displaced scientists there are and their
whereabouts, including in the top five host countries, in
descending order: Turkey, Colombia, Pakistan, Uganda and
Germany.

To address this issue, and as a contribution to Sustainable
Development Goal 8 of achieving ‘sustained, inclusive
and sustainable economic growth, full and productive
employment and decent work for all; an expert group set up
by the European Union and the United Nations in 2018 has
recommended the use of indicators that identify the sector
or industry of employment of refugees and which recognize
foreign qualifications in the host country.

Without such a system, however, there can only be
estimates. One such estimate puts the number of refugee and
displaced scientists above the 10 000 mark (Treacy, 2017),
although this figure is probably conservative, as it does not
include the more recent exodus of scientists from Turkey and
Venezuela.

It is clear, however, that thousands of scientists, medical
professionals and advanced students of science and
engineering in war-torn countries endure dislocation and
insecurity. Even when they flee to the anticipated safety of a
new homeland, the insecurity continues, owing to their often
precarious status.

Given the nature of specialist training in science,
engineering and medicine, each qualified individual
represents a significant investment by their home country.
This is especially true for least developed countries such as
Afghanistan, Myanmar, Somalia, South Sudan, Yemen and
others affected by an exodus of scientific expertise. These



trained individuals represent national assets in short supply
whose loss can seriously compromise national priorities and
the training of the next generation.

Support structures do exist

Support structures for refugee and displaced scientists do
exist, often in parallel with support structures for scientists
and other academics suffering from persecution.

One such programme is the Institute of International
Education’s Scholar Rescue Fund. It has supported more
than 880 scholars from 60 countries since its inception in
2002. Data provided by the institute attest to the growing
problem of refugee and displaced scientists: the programme
has received more applications in every successive year since
2017.1n 2019, one-third of applications came from Yemen,

a 58% increase over 2018. Also listed in the top five were
Cameroon, Syria, Turkey and Venezuela. Applications from
each of Cameroon and Venezuela even doubled between
2018 and 2019.

Likewise, Scholars at Risk, founded in 2000 at the University
of Chicago (USA), provides sanctuary and assistance to
more than 300 threatened scholars worldwide each year
by arranging temporary academic positions at member
universities and colleges among its network.

In the UK, the roots of the non-governmental organization,
the Council for At-Risk Academics (CARA) go back to 1933 and
the expulsion of many leading academics from Germany'’s
universities by the Nazis. CARA focuses uniquely on helping
those who are in immediate danger, rather than those already
in exile, providing them with two- or three-year stipends and
helping to place them in one of the 120 British universities
within its network.

The Alexander von Humboldt Foundation’s Philipp
Schwartz Initiative provides universities and research
institutions in Germany with the means to host threatened
foreign researchers for a period of 24 months on fully funded
research fellowships. The initiative is funded by the German
Federal Foreign Office, with additional support from other
foundations. In this case, researchers cannot apply on an
individual basis but must do so in tandem with a research-
performing institution based in Germany.

Many German universities also provide support for refugee
students wishing to pursue their studies, often through
volunteer student groups that provide mentoring, language
training, counselling and other services.

In France in 2017, the government initiated the National
Programme for the Urgent Reception of Scientists in
Exile (Programme national d'aide a I'accueil en urgence des
scientifiques en exil, PAUSE), with the support of civil society
and financial partners. Its mission is ‘to accommodate and
protect researchers from countries in which the political
situation places their work and their families in danger! PAUSE
provides long-term support for such scholars to help them
integrate into French society and the research community.

One of the most recent initiatives is the Refugees in Science
programme, which was launched in the Netherlands in 2018.
During the shaping of the programme and the drafting of the
initial call, the idea of ‘positive discrimination’ was addressed

via a careful communication strategy designed to defuse any
political sensitivity around the term. As part of this strategy,
it was made clear that the programme was not offering
charity but, rather, a way to empower scholars who felt a
responsibility towards their new society but were not yetin a
position to assume that responsibility.

In its first year of operation, the Refugees in Science
programme, funded via a € 750 000 contribution from the
Dutch Research Council (NWO), supported 12 individuals
with one-year fellowships. After a review of this pilot phase, it
seems that the programme (now renamed Hestia) will run for
at least two more years (KNAW, 2019).

The European Union (EU) as a whole has a common
policy to attract scientific talent to the bloc’s laboratories
and research centres. This is facilitated by a scientific visa
for eligible candidates. During the final year of negotiations
with the EU over its withdrawal from the bloc (Brexit), the UK
instituted its own scientific visa system.

The European system is facilitated by the web-based
EURAXESS platform, as well as EURAXESS Services, a network
of more than 500 service centres located in 40 European
countries. These centres help researchers and their families to
plan and organize their move to a particular country within
the bloc, assisting with issues such as accommodation, visas
and work permits, language lessons, schools for any children,
social security and medical care.

Embedded within EURAXESS is Science4Refugees,

a platform established ‘to help refugee scientists and
researchers find suitable jobs that both improve their own
situation and put their skills and experience to good use in
Europe’s research system!

Science4Refugees enables suitably qualified refugees with
asylum status to link with positions available at EU-based
universities and research institutions. It also provides a
mentoring system called Science4Refugees Research Buddies
and a newsletter, Bridges, providing up-to-date news and
information. However, refugee scientists participating in
Science4Refugees must also compete with other applicants in
an open competition for each position.

In recent years, it has become more difficult for scientists
from affected countries to access positions at universities
and research centres in the USA. President Donald Trump’s
Executive Order 13780 of February 2020 banned all
travel to the USA by nationals of the Democratic People’s
Republic of Korea and Syria, as well as nationals of Eritrea,
Iran, Kyrgyzstan, Libya, Myanmar, Nigeria, Somalia, Sudan,
Tanzania, Venezuela and Yemen, with various exceptions.

Little attempt by developing countries to attract
displaced scientists

Whereas most refugee and displaced scientists eye the
high-income countries of the Organisation for Economic
Co-operation and Development (OECD), some turn towards
lower-income countries which are investing more in scientific
research than they did previously. For example, The World
Academy of Sciences (TWAS), a programme unit of UNESCO, is
aware of scientists who have made their way to countries such
as Malaysia and South Africa.
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Despite their stated aim of attracting scientific talent, there
would not seem to be any specific policy in lower-income
countries for assisting refugee and displaced scientists. In the
case of South Africa, they must go through the same process
of validation as other refugees and asylum-seekers, which
may take time. Once their work permit has been approved,
they may take any job for which they have the requisite
qualifications, including research and teaching positions or
the practice of medicine. In theory, they could also work with
an initial permit while awaiting confirmation of validation
but employers are often reluctant to take the risk of hiring an
individual whose application for a work permit may yet be
refused.

It is clear from this brief overview that a number of
countries and organizations are actively supporting refugee
and displaced scientists — and this is just a selection.

However, it should also be apparent that, despite a growing
tendency towards collaboration, such programmes remain
scattered and fragmented, varying widely in scale from
country to country.

There is, for example, no formal mechanism for taking the
lessons learned from one successful initiative and replicating
them more broadly. Even so, the scientific community in the
Netherlands was able to refer to effective programmes run in
Belgium and Germany, thereby helping to convince the Dutch
authorities to establish the programme now known as Hestia.

In addition, although such programmes do provide much-
needed support for refugee and displaced scientists in the
short term (typically 1-2 years), the status of many remains
profoundly insecure. Once a first fellowship or placement is
complete, opportunities for follow-on support are largely
lacking, even if the situation in their home country has not
changed and it is not yet safe to return. Indeed, the latest
report by the United Nations High Commissioner for Refugees
confirms that, despite record numbers of displaced persons,
fewer are able to return home than previously, leaving them
in limbo for years (UNHCR, 2020).

A willingness to do more

A March 2017 workshop revealed a broad willingness to do
more to assist refugee and displaced scientists. The workshop
was run by TWAS, the Euro-Mediterranean University and

the Italian Istituto nazionale di oceanografia e di geofisica
sperimentale (OGS).

The event brought together more than 50 participants
from 12 countries, including policy-makers, representatives of
scientific and educational institutions and refugee agencies.
Also attending were half a dozen current or former refugee
scientists.

The workshop produced a series of practical
recommendations for different sectors of society (TWAS,
EMUNI and OGS, 2017). In particular, it recommended that
host governments:

accelerate approval of applications for visa and asylum
to facilitate the social and professional integration of
scientists;

offer employment and career counselling;
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establish a focal point or welcome office that can guide and
advise newly arrived scientists; and

develop an Internet-based clearing house that collects
available opportunities for affected scientists and allows
affected scientists to post their biodata and research
interests for browsing by host institutions.

It also recommended that research funding agencies:

establish grant programmes (with rapid processing times)
to help universities, research centres, teaching hospitals
and other science-related institutions to employ qualified
scientists with a level of remuneration enabling them to
support their families; and

provide ring-fenced funds for joint academic projects
involving refugees and other displaced scientists.

The workshop also recommended motivating international
donors and development banks and other funding entities to
help rebuild and invest in the type of scientific and research
infrastructure that would be essential to encourage the return
of qualified personnel to their home countries, once it was
safe for them to do so, thereby stimulating brain circulation
rather than brain drain (TWAS, EMUNI and OGS, 2017).

Mass migration is here to stay

In sum, mass migration cannot be treated as a temporary or
emergency phenomenon. Rather, it is likely to be a permanent
feature of globalization and geopolitical instability.

There may also be situations caused by natural and human-
made disasters requiring the evacuation beyond national
borders of researchers and other academics who would again
need assistance prior to returning home.

Indeed, more slowly unfolding environmental disasters
such as prolonged droughts, land degradation and food
scarcity — caused or exacerbated by climate change - are
causing people to move in search of better lives. According
to one estimate (Defrance, 2017), tens or even hundreds of
millions of people could be forced to leave the Sahel region
of West Africa by the end of this century owing to climate
change and the related problems of water and food scarcity.

For these reasons, a holistic, cross-sectoral, global response
is required.

The workshop document also proposed that international
organizations should come together to organize a major
conference on refugee and displaced scientists, to help
formulate an effective and co-ordinated global response.
Indeed, the document also proposed the establishment of
an Intergovernmental Panel on Refugee Academics that
could keep the situation under regular review and update
recommendations as required (TWAS, EMUNI and OGS, 2017).

Only with such a co-ordinated and integrated response
will it be possible to address the situation of refugee and
displaced scientists in a sustainable way, allowing countries
to get ahead of the curve rather than reacting in a permanent
state of emergency.

In this regard, it is encouraging to see that three
major international scientific organizations — TWAS, the



InterAcademy Partnership and the International Science
Council - are now addressing this issue, with funding from
the Swedish International Development Cooperation Agency
(Sida). These bodies are planning to develop a strategy to
ensure implementation of the recommendations contained in
the workshop document (TWAS, 2020).

The scientific community can take the lead on this issue by
serving as a model for what must be a co-ordinated, holistic
response. In fact, we would argue that the global scientific
community is duty-bound to do more for its vulnerable
colleagues.
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Global standards now exist for a healthy
ecosystem of research and innovation

April Tash

Science has evolved

In Paris in November 2017, UNESCO’s 195 member states
agreed to an international accord that sets common
standards for science within a general framework. The
Recommendation on Science and Scientific Researchers (2017),
hereinafter referred to as the Recommendation on Science, was
the fruit of four years of negotiations that had been strongly
backed by representatives of scientists’ associations, science
academies and others.' ‘This is a good day for scientists,
commented Pascal Janots at the time. Speaking on behalf of
the World Federation of Scientific Workers, he observed that
‘the agreement confirms the growing importance of scientific
activity and the need to support scientific personnel for their
protection, recognition, training and responsibility in all
corners of the world!

Indeed, for almost five decades, scientific associations
had called for common international standards of this
type, to build on the foundations laid by the UNESCO
Recommendation on the Status of Scientific Researchers (1974).
The precursor to the current agreement had set out the rights
and responsibilities of individual researchers, so as to liberate
research from the vagaries of politics while securing freedoms
known to encourage research collaboration and results.
Nevertheless, many activists had argued that ethical practices
and engagement with society needed supportive institutions
and some form of regulation to be effective.

Over time, the scientific enterprise has also evolved,
with the emergence of new technologies, such as artificial
intelligence and the Internet of Things, new concepts like that
of sustainable development and the growing preponderance
of industrial research and development (R&D) and short-term
employment contracts. This has made it necessary to update
many of the provisions in the original agreement.

The need for research integrity and both ethical and
ecological responsibility, in order to staunch brain drain and
foster inclusion and sustainable development, point towards
systemic change. Insights from many intense debates on
how best to design science systems and make science more
responsive to society are cast in the Recommendation on
Science.

A legal instrument that takes a systems approach

The Recommendation on Science is a legal instrument. It draws
together in a single text provisions related to human rights,
the ethics of science and bioethics as well as standards for
science governance that characterize other accords. This adds
value, in part, because it codifies a single, common set of
global norms and standards for the research and innovation
system as a whole, thus constituting an overarching model for
national law and policy. Common standards corral everyone
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to make the necessary institutional changes at roughly the
same time. Once these changes are in place, the fact that they
are common and reliable facilitates international research
collaboration. However, whether this gambit works will hinge
on the level of compliance and on how reliably each of the
195 signatory states takes ‘legislative or other steps to apply
[the provisions] within their respective territories.

A systems approach is the key feature of this new general
framework on which other regulatory efforts may build. For
countries trying to improve their national innovation system,
the new accord provides a checklist for minimal requirements.
It also paves the way for future regulation to be more specific
and advance science in new ways, as witnessed in proposals
in areas as varied as open science, artificial intelligence and
national security.

Back on the agenda: scientific freedom and the human
right to science

The Recommendation on Science sets out a bill of rights and
responsibilities for research staff and the public and private
entities that employ them across the entire research and
innovation ecosystem.

It details the components of scientific freedom, including
autonomy, intellectual freedom, freedom of research,
freedom of conscience, freedom of association, freedom of
movement and freedom of expression. Scientific freedom
also encompasses the right to publish and the right to protect
one’s intellectual property rights. This scientific freedom is
distinct from academic freedom, in that it is not dependent
upon having tenure or an academic affiliation.

An essential adjustment for many countries will be
to ensure that each researcher enjoys work conditions
and scientific freedom on a par with the standards of the
Recommendation on Science. Researchers should feel safe
in the conduct of their work. They should be free to express
themselves freely and openly on the ethical, human, scientific,
social or ecological value of research projects, to expound
the truth as they see it, to report concerns and exchange with
other scientists. They should be free to act as watchdogs of
the public interest, providing public authorities with expert
advice, such as by alerting to potential risks and emerging
hazards. Providing these guarantees encourages researchers
to risk working in a more open and creative way. Opennness
and creativity, in turn, have downstream advantages for
society by nurturing skills in problem-solving and innovation.
The Recommendation on Science makes it explicit that
openness in the practice of research is necessary to ensure
everyone’s right to science.

On 6 March 2020, an authoritative interpretation of
obligations in the International Covenant on Economic Social



and Cultural Rights (1966) closely followed the consensus
lines expressed in the Recommendation on Science. By so
doing, it confirmed that the Recommendation on Science
offers states guidance on how to operationalize the
Covenant’s obligations with regard to human rights (2020c).

The Recommendation on Science also justifies its strong
stance in favour of scientific freedom and openness
by elaborating on science’s role in society. [O]pen
communication of results, hypotheses and opinions [...]
lies at the very heart of the scientific process and provides
the strongest guarantee of accuracy and objectivity of
scientific results! The Recommendation on Science balances
researchers’and research-producing institutions’ rights with
their responsibilities, such as by indicating that the general
norm is publication and peer review. It emphasizes that
the norm for scientific publishing extends to publication
of the data and methods used because this will facilitate
independent replication of the results.

Finding the right balance between respect for human
rights in science and other values and interests has
implications for everyone. For example, the manner in
which respect for the scientific process is balanced with
economic and public health interests can affect the speed
with which vaccines for Covid-19 are developed. How health
and economic interests are balanced can affect the speed
with which these vaccines are secured, as some licensing
arrangements might cause scarcity and hardship by putting
a price on a vaccine that makes it unaffordable to many.

On the issue of non-discriminatory participation, the
Recommendation on Science places signatory states before
their obligation to boost their human and institutional
capacities for science substantially, as also recommended
by The 2030 Agenda for Sustainable Development adopted
in 2015. In many places, the most efficient way to enlarge
the talent pool quickly enough to have any impact by
2030 will be to encourage a vocation for science among
girls and young women, as well as persons from other
underrepresented groups, and to incite those at risk of
leaving the profession to stay in the scientific pipeline by
ensuring an inclusive work environment (see chapter 3).

The Recommendation on Science has a specific norm
dictating that states should support women and girls, as
well as those from other underrepresented groups, wishing
to pursue scientific careers, by providing them with non-
discriminatory access to an education and improving their
access to scientific literature and training, among other
measures. The Recommendation on Science also dictates
that employers, via appraisals, provide incentives for the
inclusive, collaborative, ethical and sustainable practice of
science.

The Recommendation on Science has been vetted for its
coherence not only with internationally agreed human
rights but also with the prescriptions of Responsible
Research and Innovation applied to research funded by the
European Union, as well as other normative prescriptive
statements found in conventions and declarations, charters,
ethical guidance and statements by academies and scientific
associations, among others.?

Why global standards now need the support of
researchers
Despite the Recommendation’s enormous potential power to
influence the science of tomorrow, challenges remain in terms
of visibility and implementation. For example, the document
is long and wordy; it has not yet been translated into most
languages and it may call for some uncomfortable adjustments
to be made to current practices. Fortunately, there has been
a call forimplementation to focus on just ten key areas, to
clarify the message of the Recommendation on Science and set
priorities for countries’ policy responses (Box 1).

Topics such as inclusion and the promotion of women
and other underrepresented groups, freedom of movement
and talent retention, attracting new entrants, improving the
general science culture through education, scientific advice to
government and the use of research results are all included in
the Recommendation on Science.

Secure and predictable protections of human rights to
accompany the globalized digital scientific research of
today also feature in this package, as does the call for better
data about real working conditions, attention to career
development and an adjusted incentives structure.

Check-ups every four years to monitor accountability
Countries have agreed to ensure that their provisions for
research are compliant with the Recommendation on Science
within a reasonable lapse of time, which could mean five

or even ten years, depending on the country’s starting

point. Typically, there is a good alignment with pre-existing
standards, so there should only be a few gaps to fill. Such gaps
will become more apparent when they are analysed against
common standards, once the first country-level reports
monitoring implementation become available in 2021.

Three pathways for accountability

There are three principal pathways for accountability. The first
pathway is citizens, who call to account their government
and public and private institutions through political action.
Governments are starting to adopt legislation and other
measures to oblige institutions of the national innovation
system to implement the Recommendation on Science.

Governments have also agreed to check-ups every four
years, at which time they will undertake a detailed survey of
national institutions. The ensuing report will then become
a public record. This is the second pathway. The UNESCO
Committee on Conventions and Recommendations
supervises this process, ensures its transparency,
acknowledges progress and receives petitions for redress in
cases of grievous violation.

As for the third principal pathway concerning specific
topics, accountability will be ensured here by future individual
claims and petitions. These are possible because there
are explicit links to internationally agreed human rights
and provisions that are already part of the law. Scientific
communities and institutions can also get involved, by
endorsing and respecting the same pledge to transform
practices, by helping the government to roll out the expected
standards in every part of the ecosystem, by modifying
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From 2021 onwards, surveys and reviews
undertaken by the United Nations will
be asking countries to rethink their
national statistics to measure new topics
such as researchers'working conditions.
In the same way that a measurement
called gross domestic product has

been deemed too narrowly focused

to be able to capture the well-being of
a population, the new approach will
seek to broaden the range of indicators
in order to meaningfully survey the
health of the country's research and
innovation ecosystem. Yet there is still

a need to keep national statistics and
monitoring focused. This is the purpose
of a conceptual framework called the
Ten Key Areas.

Monitoring of the Recommendation
on Science and Scientific Researchers
(2017) provides insights into what is
to come, as topics are added to the
current range. There are 35 topics
in the first monitoring guidelines
(Azoulay, 2020b), framed by just ten
key areas as set out below. Instead
of studying only research inputs (e.g.
research expenditure, numbers of
PhD graduates) and outputs (e.g. the
number of patents and publications
produced by a system), indicators will
need to be created to understand

non-compliant practices and by contributing evidence to each
quadrennial survey and accompanying cases in the courts.

researchers'working conditions. Future
topics may include the scientific culture
of the general population; inclusion and
access to science during primary and
secondary schooling; openness; how
well research informs policy; the extent
of scientific freedom; and the capacity for
deliberation on ethics.

National statistics offices can already be
guided to establish missing indicators for
these Ten Key Areas and, at a next stage, to
assemble a dashboard of these indicators
and data so as to provide an improved
survey of the health of a country’s research
and innovation ecosystem.

1. The responsibility of science
towards the United Nations'ideals
of human dignity, progress, justice,
peace, welfare of humankind and
respect for the environment

Science is part of Member States’ efforts to
develop more humane, just and inclusive
societies and serves to further the United
Nations ideals of peace and welfare of
humankind (paragraphs 4, 5e, 5f, 13d).

2.The need for science to interact
meaningfully with society and vice
versa

Member States’ governments and the
general public alike recognize the value

and use of science and technology for
tackling global challenges. Society is
engaged in science and research through
the identification of knowledge needs,
the conduct of scientific research and the
use of the results (paragraphs 4, 5¢, 13d,
19, 20, 22).

3.The role of science in national
policy and decision-making,
international cooperation and
development

Member States should use scientific
knowledge in an inclusive and
accountable manner to inform national
policy and decision making and to
advance international cooperation and
development (paragraphs 5g, 7, 8, 9).

4. Promoting science as a common
good

Member States are urged to treat public
funding of research and development as
aform of public investment, the returns
on which are long term and serve the
public interest. Open science, including
the sharing of data, methods, results
and the knowledge derived from it,
intensifies the public role of science and
should be facilitated and encouraged
(paragraphs 6, 13e, 16a-v, 18b-d, 21,
34e, 35, 36, 38).

collected (Box 1). As an illustration, one wonders how these
reports can measure whether public decision-making uses

scientific evidence and how well they can measure actual

Robust metrics boost accountability

Accountability is boosted by robust metrics and reporting,
as described above. For the first reporting exercise, each
government has been invited to prepare its substantiated
report addressing 34 topics organized in ten key areas by

31 March 2021 (Box 1). The report by each government will
be surveying some matters for the first time, so someone will
need to collect and analyse these new data. Whence will this
new investment come? Scientific communities can help to
ensure that surveys are thorough and evidence-based. In a
number of countries, surveys of the scientific community have
already begun and the first meetings have been held.

Since the world already has some standardized data at the
United Nations level for certain aspects of science systems,
such as on research expenditure and the researcher pool, the
participation rate in the reporting exercise should be high.

Nevertheless, experts express a justified concern that,
in some of the ten key areas, data has never before been
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conditions of research work. Supporting studies, transparency
and review, even in the interim between reporting exercises,
can ensure robust data and accountability.

For internationally agreed human rights, scientific
associations could advise on how to monitor science-related
human rights as part of the Universal Periodic Review, which
is a state-run procedure that reviews the fulfillment of a
country’s obligations with regard to human rights every four
and a half years, under the auspices of the United Nations’
Human Rights Council.

The aforementioned ten key areas (Box 1) are a conceptual
framework that will help states to maintain the focus on
their obligations under the Recommendation on Science. If all
goes well, the first assessments covering all ten areas will set
a baseline against which later data can be compared every
four years.

The reports will fill gaps from other surveys of science
systems. Building upon what has already been collected and



5. Inclusive and non-discriminatory
work conditions and access to
education and employment in science
All citizens enjoy equal opportunities for
the initial education and training needed
for, and equal access to employment in
scientific research. Scientific researchers
enjoy equitable conditions of work.

The participation of women and

other underrepresented groups should
be actively encouraged in order to
remediate inequalities (paragraphs
13a-c, 24b—c, 33, 34d).

6. Any scientific conduct is subject
to universal human rights standards
Research should be conducted in a
responsible manner that respects the
human rights of scientific researchers
and human research subjects alike.
Open access to research results

and the knowledge derived from it
promotes the human right to share in
scientific advancement and its benefits
(paragraphs 183, 18e, 20a—¢, 21, 22p, 42).

7.Balancing the freedoms, rights
and responsibilities of researchers
Scientific researchers respect public
accountability and carry out their work
in @ humanely, scientifically, socially
and ecologically responsible manner,

while at the same time they enjoy the
degree of autonomy and intellectual and
academic freedom appropriate to their task
and indispensable to the advancement of
science and technology (paragraphs 10, 11,
16a,16b, 40).

8. Scientific integrity and ethical codes
of conduct for science and research
and their technical applications
Member states should establish suitable
means to address the ethics of science

and research integrity through developing
education and training materials on the
ethical dimensions of science, establishing
and supporting science ethics policies

and committees, and stimulating the
professional ethics of researchers, including
their intellectual integrity, sensitivity to
conflict of interest and vigilance as to the
potential consequences of their research
and development activities, including their
technical applications (paragraphs 5d, 14c,
14d, 16a, 18b,18d,18e, 2043, 25, 393, 39b).

9. The vital importance of human
capital for a sound and responsible
science system

Human capital is the principal pillar of a
sound science system. Member states should
develop policies with respect to the training,
employment, career prospects and working

conditions of scientific researchers. These
policies should address, inter alia, adequate
career development prospects; lifelong
learning opportunities; the facilitation

of mobility and international travel; the
protection of health and social security;
and inclusive and transparent performance
appraisal systems for scientific researchers
(paragraphs 27, 28,29, 30, 31, 32, 34,41).

10.The role of states in creating an
enabling environment for science
and research

Memober states — government and non-
government stakeholders alike — should
create a stimulating environment for

a sound science system with adequate
human and institutional capacities, by
facilitating satisfactory work conditions,
moral support and public recognition

of successful performance of scientific
researchers; by supporting education in
science and technology; by promoting
publishing and sharing of data and results
that meet adequate quality standards;
and by monitoring the implementation
and impact of such efforts (paragraphs 5,
11,144, 17, 243, 26, 37,43, 44,45, 46, 47).

Source: UNESCO General Conference 39 ¢/
Resolution 85; references to paragraphs relate to
paragraphs of the Recommendation on Science and
Scientific Researchers (2017)

standardized will be a distinct advantage because having

data over a long time-series should help to pinpoint trends.

Each national report might, thus, bring to light specific
issues that open up a dialogue.

Moreover, least developed countries will have an
opportunity to shine by performing well for new indicators
that are not numerically based, such as if they have a
functioning national committee on science ethics or
academy of science.

Sharing information promotes system efficiency

On 3 January 2020, a research team in China shared the
genetic code of the Covid-19 virus online. This enabled
teams around the world to search for vaccines and
treatments simultaneously, without duplicating the
initial investment. The global research effort to tackle the
pandemic reveals an underlying truth, namely, that sharing
information promotes system efficiency. It is easy to infer
that, for any global cause to succeed - quickly - research
collaboration helps. Overnight, this crisis has tamed
competition between nations. Why not take the same

approach to achieve the Sustainable Development Goals as
the next grand challenge?

Achieving broad, valuable system efficiencies is the central
rationale for establishing some reliable standards on a global
scale, even if not all input is equal. Arriving at a consensus
on global standards for science should facilitate research
collaboration, level the playing field for some opportunities,
help discover talent and provide a system-wide benefit. It
should lead to a more efficient digitalized and globalized
scientific enterprise, making science possible in more places
and innovation more likely.

Obviously, there will still be protections in place, such as
patents and licenses and data protection rules. The transition
towards more widespread research collaboration among
nations will require clarity of purpose and information-sharing
with researchers and their institutions to ensure that they are
comfortably familiar with related norms and standards. Each
should have confidence in the system, no matter where in the
world they find themselves. There must be predictability. Even
during a crisis, when new incentives are in play, all the players
in the science system must know what to expect.
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Overcoming data poverty in a generation

In 2021, during the first of many reporting cycles, baseline
information and data will be gathered. Some aspects of

this transition will be hard to measure and assess. To make
this reporting workable, it will be necessary to develop

new surveys and indicators, taking great care to maximize
efficiency by drawing upon existing sources of information
(Mejlgaard et al., 2019; Bordt et al,, 2007; Hein et al., 2020).
To assess factors such as the level of scientific freedom

and responsibility, of collaboration, of open science, or

the working conditions for researchers in all settings, the
methodology must not be simplistic. It would be misleading,
for instance, to measure scientific freedom by the frequency
of violations of such freedom.

Countries will collaborate through international statistics
services, notably the UNESCO Institute for Statistics. Typically,
countries will have to set priorities when introducing any
new metrics because of the cost of collecting and collating
data. Currently, all countries are being encouraged to use a
dashboard with just ten key areas as their compass (Box 1).
Social scientists will be helping governments to design, test
and roll out the next metrics.

Four years hence, there will be a chance to build on the
existing data and make them more robust. Thus, exercises
over time will track not only systemic improvements but also
ameliorations to the quality of assessment methods. It will
be possible for scientific communities to signal their support
by contributing to the revision of assessment methods and
helping to publicize the transition to new metrics, thereby
prompting better compliance.

Towards predictability, attractivity and inclusivity
There are prerequisites for a healthy, resilient research and
innovation ecosystem. Those often cited are public funding,
shared infrastructure and stability. The UNESCO Director-
General, Audrey Azoulay, wrote in a major newspaper
(2020a) that‘[rlesearch communities are not born overnight;
they must be developed over time and funding must

be secure! The accord of 2017, in which states have set

out their consensus on a range of preconditions, is now
being implemented; scientists themselves deserve to be
acquainted with it.

The Recommendation on Science is wide-ranging: it
emphasizes autonomy and freedom, careers, incentives,
inclusion and access, knowledge circulation, responsibility,
ethics and integrity and a long-term vision for structural
support, infrastructure, continuity, regeneration and talent
development. Individuals and institutions — both private
and public - that produce, fund and publish science should
adhere to the same standards, so that everyone can rely
on them. Together, these many edicts address the entire
ecosystem of research and innovation simultaneously.

Scientists, themselves, have advised making the
ecosystem predictable, attractive and inclusive along
these lines. Now, there is strong government support for
their position. Consensus has led to new standards and a
schedule of check-ups to ensure compliance with these
standards, starting in 2021.
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In Pointe-Noire, young Congolese undergo training in how to install and maintain solar photovoltaic panels in December
2020. Since its inception in 2011, the start-up Mac Services led by Moise Makaya Ndende has trained 12 000 youth across the
Republic of Congo. © Moise Ndende/Mac Services
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1 - The race against time
for smarter development

Susan Schneegans, Jake Lewis and Tiffany Straza

INTRODUCTION

Countries pairing their digital and green transition
The world is engaged in a race against time to rethink
development models by 2030, the deadline for reaching the
United Nations' 17 Sustainable Development Goals (SDGs).
The UNESCO Science Report’s subtitle, ‘the race against time
for smarter development, captures this urgency.

Since 2015, most countries have aligned their national
policies with The 2030 Agenda for Sustainable Development
and are engaged in a gradual transition to ‘green’ economies.
Governments are stepping up support for smarter
production and consumption systems. As the cost-benefit
ratio of renewable energy rises, ‘green’ energy projects have
multiplied.

However, many governments still fret about how to
reconcile the preservation of markets and jobs with their
commitment to the Paris Agreement (2015). Despite the
growing impact of climate change, there is still insufficient
support on the part of both governments and businesses for
the necessary energy transition: over 80% of global electricity
production was based on coal, oil and gas in 2018.

In parallel to their green transition, governments are
digitalizing public services and payment systems to improve
service delivery, support business and combat corruption
and tax evasion. Policies are fostering the emergence of
a digital economy, including smart manufacturing, smart
finance (fintech), smart health care services like telemedicine
and smart agriculture. The report’s subtitle is also an allusion
to this form of ‘smarter development’ driven by digital
technologies such as artificial intelligence (Al) and robotics,
big data, the Internet of Things and blockchain technology
which are converging with nanotechnology, biotechnology
and cognitive sciences to form the bedrock of the Fourth
Industrial Revolution (also known as Industry 4.0).

Countries of all income levels are engaged in this
dual green and digital transition. Science has become
synonymous with modernity and economic competitiveness,
even with prestige. For those countries bearing the brunt of
climate change, science offers hope of greater resilience to
destructive storms, fires, droughts and other calamities.

However, businesses are not always supporting this
agenda, either for lack of motivation or capacity; many
continue to import packaged technologies, rather than
develop their own. They are often reluctant to collaborate
with public research institutions. Governments everywhere
are devising new incentives to foster technology transfer,
such as by setting up labs where businesses can ‘test before
they invest’in digital technologies.

For their dual transition to succeed, governments will need
to raise their commitment to research and development
(R&D). The G20 still accounts for nine-tenths of research
expenditure, researchers, publications and patents (Figure 1.1).
Although research expenditure rose in most regions between
2014 and 2018 (Figure 1.2), 80% of countries still invest
less than 1% of GDP in R&D. In some cases, the researcher
population has risen faster than related expenditure
(Figure 1.3), leaving less funding available to each researcher.

To succeed in their dual transition, governments will not only
need to spend more on R&D; they will also need to invest these
funds strategically. This will entail taking the long-term view
and aligning their economic, digital, environmental, industrial
and agricultural policies, among others, to ensure that these
are mutually reinforcing. To be coherent, reforms, policies and
resources will all need to point in the same direction, towards
the same strategic goal of sustainable development.

For developing countries, the dual green and digital
transition is accelerating a process of industrialization that
would normally take decades. For all countries, this transition
is demanding an integrated approach to long-term planning
and a heavy investment in infrastructure.

The rapid societal transformation under way offers exciting
opportunities for social and economic experimentation that
could make life much more comfortable. It also presents
the risk of exacerbating social inequalities and, for countries
implementing ambitious infrastructure projects, of debt
vulnerability. The Covid-19 pandemic has accentuated both of
these risk factors.

SCIENCE AND THE PANDEMIC

During the pandemic, countries have turned to science
In late 2019, a novel strain of coronavirus, dubbed Covid-19, was
detected in China before spreading rapidly around the world.
From the outset, scientists shared information and data with
one another, beginning with the sequenced genome of the
coronavirus in early January 2020. The pandemic has showcased
the benefits of this culture of sharing both within and beyond
borders (see The time for open science is now, p. 12). There has
been a surge in international scientific collaboration in many
parts of the world since 2015 (Figure 1.4).

Many governments rapidly established ad hoc scientific
committees to manage the crisis. This enabled them to
witness, first hand, the advantages of having local experts
to monitor and control the progression of the virus. Crisis
management is reactive, by definition. Permanent structures
can provide governments with scientific advisory services on
a wide range of issues over time to inform national strategic
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planning (see What the Covid-19 pandemic reveals about the
evolving landscape of scientific advice, p. 3).

The pandemic has demonstrated the value of digital
technologies in an emergency. Brazil was able to call upon
140 telemedicine and e-health centres during the pandemic
to provide virtual consultations and remote monitoring
of patients’ health. The government adopted a law on
telemedicine on 15 April 2020 which extended telemedicine
services to rural areas and remote towns (see chapter 8).

Countries with virtual universities have been able to adapt
their education systems rapidly to online learning during
the pandemic. For instance, thanks to the existence of the
Gulf’s first virtual university, the Saudi Electronic University
(est. 2013), Saudi Arabia was able to launch 22 educational
channels within eight hours of the first lockdown.

A number of countries have deployed robots and drones
to help curb the spread of Covid-19. For instance, in Saudi
Arabia, drones have been used in markets to identify people
with a high body temperature. Rwanda and Ghana have both
utilized drone technology provided by the US firm Zipline to
deliver blood samples recovered from remote health clinics to
specialist institutes for testing (see cover photo).

Pandemic undermining social and environmental gains
The Covid-19 pandemic has devastated the global economy.
Socio-economic and environmental gains made in recent
years are in danger of being eroded or even effaced.

Madagascar had managed to reduce poverty levels
over 2016-2019, thanks to an ambitious economic reform
programme, coupled with a peaceful transfer of power in
2019 that had helped to restore investor confidence. These
gains have been jeopardized by the Covid-19 pandemic.

For instance, Madagascar had lost about US$ 500 million

in tourism revenue by May 2020. This revenue contributes
to national conservation efforts. One of the founders of
Ranomafana National Park has predicted that, without the
USS 4 million that usually flows into the region from tourism
and research, the community ‘will be forced to return to
cutting the forest and farming’ (see chapter 20).

The Indonesian government has justified its ‘omnibus’ law
(Law on Job Creation), which came into effect in November
2020, by the need to attract foreign direct investment (FDI)
and stimulate economic growth to offset the impact of the
Covid-19 pandemic. The law alleviates the regulatory and
licensing burdens on firms with regard to worker protections
and operates a shift from an approval process based on
permits to one in which developers declare their own
compliance. The law has triggered concern from 35 global
investors and others about the environmental and social cost
of the new legislation (see chapter 26).

The pandemic has energized knowledge systems
The Covid-19 pandemic has exacted a heavy human and
economic toll but it has also energized knowledge production
systems.

During the pandemic, the USA witnessed an
unprecedented mobilization of the bioscience industry.
By mid-2020, there were estimated to be more than

400 drug programmes in development aimed at eradicating
the disease. These efforts were rooted in the White House's
Operation Warp Speed, a public-private partnership that
saw around US$ 9 billion allocated to developing and
manufacturing candidate vaccines, including through
advance purchase agreements (see chapter 5).

The National Council for Scientific Research - Lebanon
issued a Flash Call for Covid-19 Management as early as
March 2020. This led to the acceptance of 29 research projects
addressing topics such as vaccination policy, rapid test
development and the use of Al to support early diagnosis of
the disease and measure its impact on the mental health of
frontline workers (see chapter 17).

Many countries have accelerated their approval processes
for research project proposals. For example, by early
April 2020, the innovation agencies of Argentina, Brazil
and Uruguay had all launched calls for research with an
accelerated approval process. Peru’s two innovation agencies
shortened their own response time to two weeks (see
chapter 7).

In October 2020, the World Health Organization' reported
that Africa accounted for about 13% of 1 000 new or modified
existing technologies developed worldwide in response to the
pandemic, close to its share of the global population (17%). Of
these, 58% involved digital solutions such as chatbots, self-
diagnostic tools and contact-tracing apps. A further 25% of
solutions were based on three-dimensional (3D) printing and
11% on robotics (see chapter 20 and photo, p. 2).

In April 2020, the government tasked the South African
Radio Astronomy Observatory with managing the national
effort to design, produce and procure 20 000 lung ventilators.
The observatory was chosen for its experience in designing
sophisticated systems for the MeerKAT radio telescope in the
Northern Cape. By December 2020, 18 000 units had been
produced and 7 000 distributed (see chapter 20).

India has focused its response to the pandemic on
producing low-cost solutions predominantly in three areas,
including for export: vaccine research and manufacturing; the
manufacture of generic versions of ‘game-changer’ drugs; and
frugal engineering of medical devices in high demand, such
as low-cost lung ventilators (see chapter 22).

Pharmaceuticals were not a priority industry for Sri Lanka’s
National Export Strategy 2018-2022 until the Covid-19 crisis
spurred demand. This led the government and private
sector to invest US$ 30 million in a new pharmaceutical
manufacturing plant in 2020 within the Koggala Export
Processing Zone (see chapter 21).

The Covid-19 crisis has recalled the desirability of strong
linkages between the public and private sectors for the
production of equipment such as lung ventilators, masks,
medication and vaccines. In early 2020, a team of biomedical
engineers from the University of Antioquia in Colombia
designed a low-cost lung ventilator in collaboration with the
Hospital San Vicente de Paul, through a project supported
by the Ruta N Medellin business development centre. This
ventilator was approved in mid-2020 by the medical licensing
institute, INVIMA, then manufactured by firms specializing
in home appliances and automobiles which had repurposed

The race against time for smarter development | 33

| J21deyd



their assembly lines. Since the developers used open-source
techniques, other manufacturers have been able to download
the same design (see chapter 7).

Many governments have provided incentives for small and
medium-sized enterprises (SMEs) to tackle the pandemic.

In Iran, the Corona Plus campaign offered start-ups financial
incentives in 2020 to help them produce medical equipment
such as protective gear and ventilators (see chapter 15).

Canada’s Industrial Research Assistance Program has
provided financial support to help SMEs refine their Covid-
19-related product or process and get it to market; in all, the
federal government has allocated Can$ 1 billion to a national
medical research strategy as part of its rapid response to the
Covid-19 pandemic (see chapter 4).

Until 2020, when Covid-19 radically transformed Canadians’
way of life, there had been no crisis to spark any serious
national conversation about the direction in which Canada
was taking science, technology and innovation (STI). The
pandemic‘may, ultimately, redefine Canada’s science
processes, output and governance, in ways that cannot yet be
foreseen. It will also affect the next generation of researchers
and the mechanisms by which science itself is funded-

The Covid-19 crisis raises broader, more fundamental
questions than the Great Recession of 2008, such as with
regard to the role of the state in the economy, the reshoring
of supply chains, the organization of work or the value of
proximity (see chapter 9).

THE DUAL DIGITAL AND GREEN
TRANSITION

The pandemic has highlighted dependence on global
value chains

The pandemic has highlighted countries’ dependence on
global value chains for strategic resources. The complexity

of components in modern everyday devices means that
manufacturers have recourse to subcontractors abroad who
specialize in a narrow field; they, in turn, rely on other suppliers
for essential materials. Having such a tiered supply system, or
value chain, makes it very difficult to reshore manufacturing,
or repurpose a production plant overnight (see chapter 5).

For instance, lung ventilators manufactured in the USA for
Covid-19 patients contain key components sourced in Canada.
That is why the closing of the border in early 2020 slowed the
production of lung ventilators in the USA (see chapter 4).

The European Union (EU) is dependent on imported
products like microprocessors and, for key technologies, on
imported raw materials such as rare earth elements. For the
European Commission’s first annual 2020 Strategic Foresight
Report: Charting the Course Towards a More Resilient Europe
(2020), this dependence poses potential threats to European
economic sovereignty (see chapter 9).

Having relocated much of their production to the
developing world in the 1980s, where cheap, unskilled labour
was plentiful, industrialized countries found themselves

Figure 1.2: Investment in research and development as a share of GDP, by region and

selected country, 2014 and 2018 (%)
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E Figure 1.3: Researchers (FTE) per million inhabitants, by region and selected country, 2014

and 2018
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dependent on imports of personal protective equipment
and common drugs like paracetamol in the early days of the
pandemic.

Countries with a strong manufacturing sector, on the
other hand, were able to repurpose their assembly lines
rapidly when the pandemic struck. This was the case for
the Colombian firms specializing in home appliances and
automobiles described above, for instance.

China has an increasingly sophisticated manufacturing
sector. However, it remains dependent on imports of certain
core technologies like semiconductors. This technological
vulnerability is illustrated by the fate of the Chinese company
ZTE, which was forced to shut down most of its operations
within weeks of being cut off from its US suppliers of
hardware components and Android services (Google) in April
2018, after the USA imposed trade sanctions on the company
(see chapter 23).2

It was partly out of a desire to reduce reliance upon US
high-tech suppliers that the Chinese government launched
a ten-year, state-led industrial policy in 2015 called Made in
China 2025. This policy encourages Chinese companies to
expand their global market share of, inter alia, electric cars,
advanced robotics and Al, agricultural technology, aerospace
engineering, new synthetic materials, emerging biomedicine
and high-end rail infrastructure and maritime engineering
(see chapter 23).

Global value chains also affect countries with immature
science systems but in a different way. The subsidiaries

of multinational corporations integrated in global value
chains tend to maintain a policy in developing countries of
utilizing existing knowledge, rather than engaging in local
research. This is the case in Latin America, for instance. These
subsidiaries limit their local output to manufacturing, which
requires limited new knowledge and does not promote
linkages with local scientific institutions (see chapter 7).

Advanced manufacturing seeking to revitalize industry
Prior to the pandemic, developed countries were already
investing in advanced manufacturing technologies to
revitalize their domestic manufacturing sector.

There is a consensus view in government that the USA
needs to adapt to an increasingly competitive international
environment. This has led the federal government to prioritize
key strategic platforms in digital technology since 2016 in
fields that include Al, quantum computing, advanced mobile
network technology and cybersecurity. The three goals of the
strategic plan for industry released in 2018 are to transition
to new manufacturing technologies, train the manufacturing
workforce and expand the capabilities of the domestic
manufacturing supply chain. These new technologies
include the foregoing, plus industrial robotics, 3D printing,
semiconductor and hybrid electronics, photonics, advanced
textiles, biomanufacturing and agrifood (see chapter 5).

The EU’s revamped industrial policy (2021) supports the
development of strategically important technologies for
Europe’s industrial future. These include robotics,
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micro-electronics, high-performance computing and data

cloud infrastructure, blockchain, quantum technologies,

photonics, industrial biotechnology, biomedicine,

nanotechnologies, pharmaceuticals and advanced materials.
For the President of the European Council, Charles Michel,

European strategic autonomy has become ‘goal number

one for our generation’ In 2020, the European Commission’s

report on A New Industrial Strategy for Europe highlighted

the importance of safeguarding Europe’s technological

sovereignty and strategic interests in trade and technology in

areas like Al and related digital technologies and infrastructure.

It is possible that the looming decoupling over
technology between the USA and China, as they compete
for technological superiority, may force other parts of the
world ‘to choose between two increasingly separate realms
of technology, such as with regard to telecommunications,
digitalization, Al and the Internet. Alternatively, the rest of
the world could decide to safeguard its participation in both
realms but this would be an extremely costly and inefficient
option’ (see chapter 9).

Industry 4.0 a common agenda

Digital technologies are considered vital for future economic

competitiveness. Among cross-cutting technologies, it is the

field of Al and robotics that dominated scientific output in

2018-2019 in countries of all income levels (Figure 1.5). The

rise in publishing on Al by lower-income countries since 2015

has mechanically shrunk the G20's share of output (Figure 1.6).
Many countries have set up institutional mechanisms

to foster the adoption of Industry 4.0 technologies. For
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example, South Africa appointed a Presidential Commission
on the Fourth Industrial Revolution in 2019, consisting of
about 30 stakeholders with a background in academia,
industry and government. South Africa has also established
an Interministerial Committee on Industry 4.0. The
Republic of Korea has had a Presidential Committee on
the Fourth Industrial Revolution since 2017. Australia has
a Digital Transformation Agency (est. 2015) and the Prime
Minister’s Industry 4.0 Taskforce (est. 2016), which promotes
collaboration with industry groups in Germany and the USA.
Countries of all income levels are adopting Industry 4.0
strategies. The Republic of Korea's I-Korea strategy (2017) is
focusing on new growth engines that include Al, drones
and autonomous cars, in line with the government’s
innovation-driven economic policy. Another example is
Making Indonesia 4.0, with a focus on improving industrial
performance (see chapter 26). Uganda adopted its own
National 4IR Strategy in October 2020 with emphasis on
e-governance, urban management (smart cities), health
care, education, agriculture and the digital economy; to
support local businesses, the government was contemplating
introducing a local start-ups bill in 2020 which would require
all accounting officers to exhaust the local market prior to
procuring digital solutions from abroad (see chapter 19).
The digital economy is the focus of the Digital Cameroon
2020 Strategic Plan (2017). Cameroon has set up a high-tech
centre specializing in robotics, digital manufacturing and
computer-aided vision, as well as a 3D printing centre that is
unique in sub-Saharan Africa. The National School of Posts,
Telecommunications and Information and Communication



Technologies opened in Yaoundé in 2016 and a training
centre for computer-aided design and drawing tools has been
operational since 2017. Cameroon has 28 active tech hubs. In
2019, the country had the highest publication intensity in Al
and robotics on the subcontinent (see chapters 19 and 20).
About one-quarter of African tech hubs are classified as
co-working spaces, or ‘makerspaces;, where the use of
3D printers, drones and other Industry 4.0 technologies
is commonplace, according to research by the Groupe
Spécial Mobile (GSMA). The number of active tech hubs
across Africa surged between 2016 and 2020 from 314 to
744 (see chapter 20).

Helping firms digitalize
Several countries are seeking to become regional digital
hubs, including Australia, Djibouti and Morocco.

However, most businesses are not yet digitalized.
The European Commission estimates that only about
one in five EU companies have reached this point; it has
introduced digital innovation hubs to allow companies of
all sizes to ‘test before they invest’in digital technologies.

Australia’s Industry 4.0 strategy, Tech Future (2018),
proposes establishing ‘test labs’ at five universities, to help
businesses transition to ‘smart’ factories (see chapter 26).

Malaysia is helping firms to digitalize their business
processes through the Smart Automation Grant launched
by the Malaysia Digital Economy Corporation in July 2020,
as part of the National Policy on Industry 4.0. This matching
grant targets firms in the services sector which pay at least
half of the total cost of their digitalization project. Due to
be launched in 2021, the Smart Manufacturing Experience
Centre will give SMEs access to existing platforms and
technologies, in order to provide them with a‘test bed’to
trial their innovation (see chapter 26).2

In the Philippines, meanwhile, SETUP 4.0 offers
micro-enterprises and SMEs loans of up to PHP 5 million
(ca US$ 100 000) to innovate in areas related to Industry
4.0; there were plans to support 800 companies in 2020,
including through the provision of equipment and training
(see chapter 26).

The Al race

Between 2016 and 2020, more than 30 countries* adopted
dedicated strategies for Al. Whereas Canada is striving to
assume a leadership role in the international conversation
on the potential social impact of Al (see chapter 4), China,
the Russian Federation and USA are vying for a competitive
advantage in the field of Al itself.

The Russian president, Vladimir Putin, stated in 2017 that
‘whoever becomes the leader in this sphere will become the
ruler of the world’ (see chapter 13).

By 2030, China aims to be‘the world’s primary centre for
innovation in Al, according to its New Generation Artificial
Intelligence Development Plan. China is already the world’s
biggest owner of Al patents but lacks top-tier talent in this
field; it has launched megaprogrammes in science and
engineering to 2030 that include quantum computing and
brain science (see chapter 23).

The US government’s 2020 research budget proposal for
2021 included major increases for quantum information
science and Al as part of its goal of doubling government-
wide investment in research in these two areas by 2022
relative to 2019 levels (see chapter 5).

Digital and green agendas advancing in parallel
Most countries are convinced that their future economic
competitiveness will depend upon how well they succeed in
transitioning to digital societies.

Meanwhile, the adoption of the SDGs in 2015, combined
with the rising cost of unsustainable development and
the impact of climate change, has made countries’ green
transition a priority agenda. The converging phenomena
of strong economic growth, heightened dependence on
technology and rising temperatures are driving up energy
needs. In Central Asia, for instance, two decades of rapid

economic growth have raised demand for electricity, pushing

up carbon emissions and eating into export revenue: 86% of
Uzbek natural gas is now used for domestic consumption
(see chapter 14).

Countries are keenly aware that their future economic

competitiveness will depend upon how quickly they manage

Figure 1.5: Scientific publications by cross-cutting strategic technology, 2018-2019
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to transition to a green and digital economy, in parallel.

This dual agenda is reflected, for example, in the strategies
adopted by the Caribbean Community (Caricom) through its
regional Energy Policy (2013) and Caricom Digital Agenda 2025
(2019). In 2018, member states established the Caribbean
Centre for Renewable Energy and Energy Efficiency (see
chapter 6).

The EU’s industrial policy (2021) rests on three pillars:
the green transition, the digital transition and global
competitiveness. The bloc plans to spend € 1.8 trillion in
public funds between 2021 and 2027, 30% of which is to be
invested in countries’ dual green and digital transition. One
focus of the ‘green’ transition will be the circular economy
(see chapter 9).

In 2018, the Russian Federation took advantage of its
rotating presidency of the Eurasian Economic Union (EAEU)
to propose a number of areas in which to ‘readjust’ the Union,
including the formation of a common digital space and
energy market for member states; and co-operation in the
fields of green technology, renewable energy sources, bio-
engineering, nanotechnology, ecology, medicine and space.
Member states are keen to create a ‘territory of innovation’
which would take advantage of their different strengths (see
chapter 13). The same year, the EAEU launched its Digital
Agenda (see chapter 14).

Like other developing countries, Tunisia needs to diversify
its economy to create jobs and attract more FDL. It is one
of a growing number of countries choosing the path of
knowledge-intensive industries. Inflows of FDI to Tunisia grew
by 16% over 2017-2018, as foreign electronics companies
were drawn to the country by the cost-competitive and highly
skilled workforce, especially in the automobile and aeronautic
subsectors. Some 41 electronics companies with cumulative
annual sales of about US$ 1.2 billion launched their own
ELENTICA cluster in May 2017 (see chapter 17).

In October 2018, ELENTICA entered into a partnership
with the Tunisian Ministry of Higher Education and Scientific
Research with the goal of promoting scientific collaboration
and installing research centres in ELENTICA companies. These
research centres will focus on areas such as the Internet
of Things, smart cities, renewable energy and smart-grid
technologies, electric cars and e-farming. Other tech-based
sectors are experiencing rapid growth: exports in the
aeronautics sector surged over 2010-2018 and more than
tripled in the pharmaceuticals sector over 2012-2018
(see chapter 17).

Tunisia typifies the challenge facing countries of all
income levels today: how to transition to an economy that
is both digital and green over a short space of time, without
neglecting investment in one or the other, or augmenting
their debt burden. The world now has less than ten years to
deliver on its SDGs to 2030.

Implementing these parallel agendas simultaneously
demands a consequential, simultaneous investment in
infrastructure development - data centres, high-performance
computing facilities, solar and wind farms, etc. - combined
with regulatory reform and an overhaul of education
and technical and vocational training to equip youth for

tomorrow’s job market. To compound the challenge, many
developing countries are modernizing their transportation
networks in parallel, including roads, ports, pipelines and
railways. Modern transnational transportation networks will
be essential, for instance, to move goods around the future
African Continental Free Trade Area.

Arguably, it is Japan which is embracing this dual green
and digital agenda with the greatest vigour. Confronted with
a low birth rate and an ageing population, the government
adopted Society 5.0 in 2017 as its growth strategy for creating
a sustainable, inclusive socio-economic system powered by
digital technologies. The aim is to go beyond Industry 4.0 to
transform the Japanese way of life. Towns will be powered by
energy supplied in flexible and decentralized ways to meet
the inhabitants’ specific needs while conserving energy.
Flying drones will deliver postal services to depopulated
areas. In sectors where there is a shortage of labour, self-
driving vehicles will plough the fields and robots will be
deployed to care homes (see chapter 24).

The government is wagering that Society 5.0 will offer Japan
the means to overcome its chronic economic stagnation.
Japanese companies have reacted to the shrinking domestic
market by purchasing companies overseas to ‘buy time and
labour’ As a result, investment is leaving Japan’s shores,
hollowing out the country’s industrial base. Even though it has
not taken the lead in digital industries so far, Japan may be able
to take advantage of its traditional strengths in mechanical
and material engineering to develop advanced cyberphysical
systems. By actively introducing Al into the workplace, it
is hoped that depopulation and ageing will cease to be
disadvantages in a less labour-intensive economy (see
chapter 24).

A risk of greater social inequalities

Digitalizing the economy presupposes that citizens have

bank accounts and credit cards that allow them to engage in
online transactions. The establishment of a digital payment
system in developing countries will support the emergence of
e-commerce and combat tax evasion and corruption but it is
also likely to heighten the vulnerability of those employed in
the informal economy where cash payments are the norm.

India is a cash economy. To reduce the size of the informal
economy, the government took the radical step in 2016 of
demonetizing two banknotes which accounted for about 86%
of those in circulation at the time. Between 2014 and 2017,
the proportion of citizens with a bank account surged from
53% to 80% and the digital marketplace expanded. Online
payments have become a particularly attractive option in
India and elsewhere during the Covid-19 crisis as a means of
respecting physical distancing for financial transactions.

In Africa, the digital revolution is being buoyed by
consistent growth in mobile phones and digital payment
systems with advanced functionalities that draw on the
confluence of mobile money and the Internet of Things.
Kenya is one of the most mature digital credit markets in
developing economies, where the volume of digital loans
surpassed traditional loans in 2015. In 2020, Tanzania’s
National Data Centre launched the N-Card enabling digital
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payments. By 2019, 78% of adults in rural Tanzania could
reach formal financial services within a radius of 5 km.

In October 2019, African ministers with a communication
portfolio adopted the Sharm El Sheikh Declaration proposing
a continental African Digital Transformation Strategy. They
invited member states to ratify the African Union Convention
on Cyber Security and Personal Data Protection (the Malabo
Convention, 2014), which calls upon countries to setup a
cashless financial system to nurture digital marketplaces
and combat corruption, as well as to develop regulations to
protect domestic data.> Ministers also urged member states
to adopt a common African stance on Al and to set up a think
tank on Al to assess and recommend collaborative projects
aligned with the African Union’s Agenda 2063 and The 2030
Agenda for Sustainable Development (see chapter 18).

This would be an ambitious digital agenda for any
region but Africa is still at the stage of extending Internet
penetration to the masses. Between 2015 and 2019, Internet
access progressed by only 0.24% to reach 24.2% of the
African population (see chapter 19). Despite the extension
of communication infrastructure, many African citizens and
businesses cannot afford to access Internet, which remains
costly for lack of market competition (see chapter 20). For
instance, by October 2020, Madagascar had the second-fastest
fixed broadband Internet service in Africa after Ghana, having
connected to the Eastern African Submarine Cable System in
2010, but few Malgache could afford to access Internet.

India epitomizes the challenges that countries face in
modernizing their economy and advancing their digital
agenda in parallel by condensing into a few years what
would normally be a more gradual process. At the same time
that the Indian government was expanding citizen access
to a bank account, a government think tank, the National
Institution for Transforming India (NITI Aayog), was publishing
a National Strategy for Artificial Intelligence in 2018 to leverage
improvements in health care, education and agricultural
yields. This strategy also sets out to foster smart cities, smart
mobility and smart transportation. Blockchain technology is
already widespread in government. NITI Aayog is exploring
opportunities for deploying blockchain technology in the
drug and fertilizer industries, electric and hybrid vehicles in
the automobile industry and expanding renewable energy.

In 2015, the Indian government selected about 100 cities
with a cumulative population of 99.6 million to become the
country’s first smart cities. There is no universally accepted
definition of a smart city, despite the multiplication of these
around the world. The Indian concept blends digital and
sustainable technologies to provide water and sanitation,
electricity, education and health care services, safe and
affordable housing and efficient urban mobility. There is a
risk that these smart cities may exacerbate social inequalities,
however, since, according to the Ministry of Housing and
Urban Affairs, 80% of funding for India’s smart cities will be
spent on area-based development, which benefits only part
of a city’s population (see chapter 22).

Concern about the potential of the dual digital and green
transition to exacerbate social inequalities is particularly keen
when it comes to the prospect of jobs being displaced on a
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wide scale. In the case of the digital transition, it is automation
that is crystallizing concern; in the case of the green transition,
it is the prospect of phasing out large-scale polluting industries
like coal plants which are a source of mass employment. This
has led some governments to approve new coal plants in full
knowledge that these will prove to be uneconomical.

The European Commission is seeking to ensure that jobs
lost in one industry to the green economy can be recreated
elsewhere. The Just Transition Mechanism seeks to limit the
turbulence to the most vulnerable member states through
tailored resources. This mechanism is part of the European
Green Deal's Sustainable Europe Investment Plan mobilizing
public and private investment to a cumulative total of at least
€ 1 trillion that was presented by the European Commission
in January 2020 (see chapter 9).

Anxiety about automation

So far, Industry 4.0 does not seem to have led to widespread
job losses. In Latin America, fintech and growing automation
are beginning to steer investment towards products,
processes and services that rely on innovation but the impact
on employment has yet to be felt. If we take the example of
Mexico, it counted 5 700 industrial robots in 2018, ranking
ninth worldwide for automation. About half of these robots
were installed in the automotive sector. Many industrial
robots in Mexico have been imported from the USA, Europe
and Asia by automobile manufacturers with local assembly
plants (see chapter 7).

In India, too, the manufacturing sector accounts for the
greatest share of imported robots.® Although their number
increased by an average of 64% per year from 2000 to 2016,
these do not account for more than 10% of total employment
in manufacturing. However, with related technologies
developing quickly, many tasks may become automated in
the near future. This could radically alter the employment
landscape in India and beyond (see chapter 22).

The decline of traditional manufacturing has become a
sensitive issue in the USA. Manufacturing output in 2017 was
at least 5% greater than in 2000 but the sector has become
more capital-intensive and less labour-intensive, owing to
the widespread introduction of automation. Some 5.5 million
manufacturing jobs in the USA were lost between 2000 and
2017 (see chapter 5).

This drop can also be attributed to a skills mismatch in
the USA for today’s more sophisticated manufacturing
sector. Individuals with a high-school degree or less who
are performing standardized tasks are more than four times
more likely to hold highly automatable jobs than those with
bachelor’s degrees. Twelve million such workers of Hispanic
and Afro-American heritage have already been displaced by
automation. In the coming decades, it is estimated that about
25% of US jobs (36 million in 2016) will face high exposure to
automation (see chapter 5).

A relatively new phenomenon in the USA is that Al is
threatening better-paid professional jobs in high-tech fields
and metropolitan areas. This trend will require considerable
restructuring of career pathways and training programmes
(see chapter 5).



Energy at the heart of the dual transition

Renewable energy was the only energy sector to see growth
at the height of the Covid-19 pandemic and demand is
projected to grow further. Renewable energy systems have
become more cost-effective than alternatives, thanks to
advances in wind and solar energy technology, in particular
(see chapter 2).

Energy is at the heart of both the digital and green
transition. In sub-Saharan Africa, only half (48%) of the
population currently has access to electricity, according
to the International Energy Agency. Governments are well
aware that there can be neither industrialization, nor a
digital economy without universal access to energy. The
African Union’s Agenda 2063 strategy places high priority
on investment in renewable energy, to complement the
extension of the grid.

The Southern African Development Community opened
a Centre for Renewable Energy and Energy Efficiency in
Namibia in 2015, to improve access to electricity in the
subregion. Between 2015 and 2018, the overall share of
renewables in Southern Africa’s power capacity shot up from
249% to 39%. Most projects concern wind, solar energy and
hydropower (see chapter 20).

In East Africa, geothermal power is now piped to more
than 35% of Kenyan households. In November 2019, Kenya
overtook Iceland to rank eighth worldwide for the capacity to
produce geothermal energy. The development of geothermal
energy has accelerated since the release of Kenya Vision 2030
in 2008, with its emphasis on renewable energy.

For the island nations of the Caribbean and South Pacific,
renewable energy is perceived as a means of reducing
costly imports of fossil fuels and ensuring greater energy
independence. Six Pacific Island countries aim to generate
100% of their electricity from renewable sources within
a decade (see chapter 26). Five Caribbean countries have
embarked upon a project to exploit their vast geothermal
reserves with the support of the Green Climate Fund
(see chapter 6).

A number of countries are abandoning hydropower
projects as a consequence of unreliable rainfall
(e.g. Sri Lanka and Zambia) or safety concerns. Following a
report by Brazil's National Agency for Water and Sanitation
in 2018 warning that 45 dams were at a high risk of failure,
the government announced the end of megahydropower
projects in the Amazon (see chapter 8). Meanwhile, a
megahydropower plant is foreseen in the Democratic
Republic of Congo (see chapter 20).

Projects for the development of renewable energy abound
around the world. About 16% of electricity generation
stemmed from hydropower and a further 10% from solar,
wind, biofuels and biomass in 2018. However, many countries
are still at the stage of importing packaged technologies,
rather than adapting these or developing their own.

Industrialization and infrastructure development are often
taking place in parallel to R&D when these paths should
be mutually reinforcing (see chapter 21). More countries
are linking the two processes, however. Iran’s Local Content
Requirements Policy (2016) introduced a clause requiring

international agreements and major national projects to
‘include local technology and training’ Saudi Arabia’s 2030
Vision fixes the target of manufacturing locally 50% of the
military equipment it imports by 2030. In Ecuador, scientists
have developed a specialization in smart-grid technologies
since a series of rolling blackouts in 2009 prompted the
government to prioritize investment in energy infrastructure
and the transition to renewables (see chapters 2 and 7).
Bhutan plans to establish ten FabLabs across the country by
2023; a pilot Fab4Fab programme is studying how to produce
components of a FabLab locally as a substitute for imports
(see chapter 21).

One policy challenge will be to ensure that countries’
sustainable development agenda is implemented across
different economic sectors. For instance, green industries
do not figure among the priority sectors of Mongolia’s State
Industrial Policy 2015-2030 (2015), despite the focus in the
State Policy on Energy (2015) on the development of wind
and solar energy and the 30% target to 2030 for renewables
in total energy consumption in the Green Development Policy
(2014-2030) [see chapter 14].

Nuclear power being phased in ... and out

Nuclear power plants cost billions of dollars to build and have
a lifespan of about 40 years. By 2025, 25% of existing nuclear
capacity will probably need to be shut down (see chapter 2).
A number of developing countries are planning to develop
nuclear power plants, including Egypt and the United Arab
Emirates (see chapter 17), Mongolia (see chapter 14) and
Zambia (see chapter 20).

Meanwhile, the Republic of Korea is developing hydrogen
energy to compensate for the gradual phasing out of nuclear
energy, in line with its Third Energy Master Plan for 2019-2040.
Since the Republic of Korea is a leading manufacturer of
nuclear reactors, there is some concern that the phasing
out of nuclear energy will erode the country’s global
competitiveness. Moreover, considerable investment in
infrastructure will be necessary to reach the country's target
of a 20% share of renewable energy by 2020, since renewables
accounted for about 5% of the primary energy supply in 2017;
one strategy involves helping farmers to convert degraded
areas into solar farms (see chapter 25).

The development of hydrogen fuel cell technology is also a
focus of Japan’s Long-term Energy Supply and Demand Outlook
(2015). In the wake of the Great East Japan Earthquake
(2011), the country’s nuclear power plants were shut down
for mandatory inspections and upgrades between 2013 and
2015. To compensate for the loss of nuclear power, Japan
increased its dependence on imports of oil, gas and coal. The
installation of solar systems has been slowed down by the
high price of electricity, which has been a burden for industry.
This situation prompted, in 2018, a lowering of the fixed price
consumers paid for solar and wind power and a liberalization
of the retail market.

It is symbolic that Japan (see chapter 24) and Ukraine (see
chapter 12) are both establishing solar plants on the sites of
the world’s worst nuclear disasters, Fukushima (2011) and
Chernobyl (1986).
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Energy transition encountering resistance

Developing countries are co-operating with international
partners to access green finance. For instance, Kazakhstan’s
feed-in tariffs and solar auction scheme have been developed
under the Kazakhstan Renewables Framework, a project co-
financed since 2017 by the European Bank for Reconstruction
and Development and the Green Climate Fund. One challenge
for developing countries will be to balance competing
demands for innovation from the mining sector, which often
forms the bedrock of their economies (see chapter 14).

A growing number of developing countries are using revenue
from mining and oil and gas exploration to fund their 'green’
transition. In 2019, Guyana used the discovery of offshore oil
and gas reserves to create a Sovereign Wealth Fund which is
investing oil revenue to bankroll its transition to renewable
energy (see chapter 6). Senegal’s Sovereign Fund for Strategic
Investments (est. 2012) uses state revenue from oil and gas to
invest in capital funds targeting SMEs in sectors prioritized by the
Emerging Senegal Plan (2014), such as solar energy, agriculture
and health (see chapter 18). Mongolia’s Green Development Policy
(2014-2030) plans to balance the development of mining and
smelting industries by, inter alia, creating a sovereign wealth fund
from mining sector revenue to support long-term sustainable
development (see chapter 14).

In industrialized nations, the process of gradually
transitioning to renewables has met with some resistance
from traditional energy backers. For instance, in the four
years (2016-2019) following adoption of the Paris Agreement,
35 banks from Canada, China, Europe, Japan and the USA
together invested US$ 2.7 trillion in fossil fuels (see chapter 2).

There is change in the air, however. In 2017, Ireland
became the world’s first country to commit to divesting the
public purse fully from fossil fuels, when parliament passed
legislation to remove investment in coal, oil and gas from the
€ 8 billion (ca US$ 9.5 billion) Ireland Strategic Investment
Fund (see chapter 2).

In 2019, the Norwegian parliament passed a law requiring
the Norwegian Sovereign Wealth Fund, the world’s largest
with a worth of over US$ 1 trillion, to drop investments of
US$ 13 billion in eight coal companies and about 150 oil
producers (see chapter 11).

Governments more attuned to climate-sensitive
development

Governments have become more attuned to the need for
climate-sensitive development policies. Mozambique is
investing in climate-resilient infrastructure, for instance, and
Zambia has adopted a Climate-Smart Agriculture Investment
Plan (see chapter 20).

In 2021, Djibouti plans to inaugurate its Regional
Observatory on Global Change. The International Atomic
Energy Agency has provided sophisticated scientific
equipment for the centre, which will be studying the impact
of climate change on the fragile ecosystems of East Africa,
as well as emergent diseases like Chikungunya and Covid-19
(see chapter 19).

In 2017, Cambodia reported having achieved its target
of devoting 1% of public expenditure to addressing climate
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change, in line with the Cambodia Climate Change Strategic Plan
2014-2023. Progress is being hampered, however, by a lack of
data and technologies and limited access to finance for firms
wishing to make climate-smart investments (see chapter 26).

In the Caribbean, a succession of devastating hurricanes has
focused attention on rebuilding more resilient infrastructure.
This will require greater capital investment, accentuating
the fiscal burden on Caricom members, which already have
some of the highest public debt in the world, relative to the
size of their economies. A 'coalition of the willing’formed in
2018 to establish the Caribbean Climate-Smart Accelerator
Programme, which has the ambitious objective of making
the Caribbean the world's first climate-smart zone. More than
26 countries and 40 private- and public-sector partners have
joined the accelerator, including the Organisation of Eastern
Caribbean States, the Inter-American Development Bank and
World Bank (see chapter 6).

The industry of carbon capture and storage is still in
its infancy, despite being considered vital to limit global
warming. In Norway, Equinor is developing what may become
the first industrial-scale project for carbon capture and
storage in Europe (see chapter 11).

In federal governance systems, there tend to be disparities
between federal and state policies that are preventing an
overarching national strategy for climate change mitigation
and adaptation. This is the case in Canada, the USA and
Australia, for instance (see chapters 4, 5 and 26).

Sustainability research yet to enter mainstream
Of all the SDGs related to economic growth, it is those
focusing on industry, innovation and infrastructure (SDG9)
and sustainable cities and communities (SDG11) which
received the most official development assistance between
2000 and 2013, with donors contributing US$ 130 billion and
USS$ 147 billion, respectively (see chapter 2).
Topics related to environmental sustainability, aligned
with the SDGs for responsible consumption and production
(SDG12), climate action (SDG13), life below water (SDG14)
and life on land (SDG15), received the least donor attention
between 2000 and 2013, attracting a cumulative total of less
than US$ 25 billion in funding over this period (see chapter 2).
This funding pattern is reflected in outcomes. On average,
national progress around the world has been weakest for
the core environmental goals of climate action (SDG13),
life below water (SDG14) and life on land (SDG15) [see chapter 2].
An analysis by UNESCO of 56 research topics of high
relevance to the SDGs arrived at a similar conclusion (Figure
1.7; see chapter 2). It found that sustainability research was not
yet mainstream in academic publishing at the global level. For
instance, research into climate-ready crops accounted for just
0.02% of global scientific production between 2011 and 2019.
Topics related to industry, innovation and infrastructure
(SDQGY) fared better. AiImost one-third (59) of the 193 countries
studied at least doubled their output on the topic of greater
battery efficiency between 2011 and 2019. There was a
similar increase for smart-grid technologies (55 countries)
and sustainable transportation, such as electric and hybrid
vehicles (50) [see chapter 2].



Of note is that China increased its own share by more than
20% for publications on greater battery efficiency (to 53%
of the global total), hydrogen energy (to 43%) and carbon
pricing (to 41%) [see chapter 2]. China is poised to become the
world leader for the topic of carbon capture and storage, its
output having risen even as that of six other leading countries
for this topic declined, namely Canada, France, Germany, the
Netherlands, Norway and the USA (see chapter 2).

Despite the priority accorded to the global energy
transition, publications on nine topics related to sustainable
energy (SDG7), including cleaner fossil fuel technology and
wind and solar power, still only accounted for 2.4% of global
scientific output over 2016-2019, up from 2.1% over
2012-2015 (see chapter 2).

Sustainability topics form far greater shares of national
output by small and developing science systems. It is in
these systems that growth was most visible between 2011
and 2019, such as in Ecuador, Indonesia and Iraq (Figure 1.7).
These countries also tend to be on the frontlines of climate
change and reliant on commodity exports. The share of
scientific publications on photovoltaics emanating from
lower middle-income countries has surged from 6.2.% to
21.2% and on biofuels and biomass from 7.6% to 21.6%
since 2011. Low-income countries raised their own global
share of publications on photovoltaics from 0.2% to 1.4%
over the same period (see chapter 2).

POLICY TRENDS

A shift in focus towards well-being

Bhutan's 1729 legal code states that ‘the purpose of the
government is to provide happiness to its people/ Bhutan
has had no difficulty in adapting its policies to the SDGs,
since its Gross National Happiness philosophy is built

on four pillars that mirror this agenda: sustainable and
equitable socio-economic development; preservation and
promotion of culture; conservation, sustainable utilization
and management of the environment; and the promotion of
good governance. In the government’s Twelfth Five-Year Plan
(2018-2023), these four pillars have translated into

16 national key result areas which are highly correlated

with The 2030 Agenda (see chapter 21).”

The adoption of the SDGs has led more countries to stretch
indicators of well-being beyond the mainstream focus on
income and GDP. The Living Standards Framework adopted
by the New Zealand Treasury in 2015 provides a novel means
of assessing well-being, inspired by the How's Life document
published by the Organisation for Economic Co-operation and
Development (OECD). This New Zealand framework elevates
‘sustainable intergenerational wellbeing’ to the status of key
objective of policy-making and natural resource management
(see chapter 26).

Ecuador’s National Development Plan 2017-2021: Toda una
Vida (An Entire Life) provides a roadmap for ‘humaniz[ing]
indicators and changl[ing] the face of vulnerable groups, as a
state policy. All eight objectives are aligned with the SDGs but
60% of total investment is devoted to ‘guarantee[ing] a decent
life with equal opportunities for all’ (see chapter 7).

Bolivia's Voluntary National Review (2015) of its progress
towards the SDGs set out the concept of Bien Vivir (Living
Well), defined as ‘the civilizational and cultural alternative to
capitalism, linked to a comprehensive vision [...] in harmony
with nature [for a] structural solution to the global climate
crisis. This report fixed the target of increasing the share of
alternative energy sources in total electrical power capacity
from 2% in 2010 to 9% by 2030 (see chapter 7).

Iceland’s Policy and Action Plan 2017-2019 emphasizes the
role of R&D in ensuring ‘quality growth’ during the Fourth
Industrial Revolution, as opposed to purely ‘economic growth,
by taking into account the potential negative impact of
technologies on future users. Although the Policy and Action
Plan does not refer explicitly to technology assessment, this is
the philosophy behind it (see chapter 11).

Iceland’s Policy and Action Plan 2017-2019 calls for
citizens to be involved more closely in policy design,
innovation and research. An interim report on the status
of policy implementation published in late 2019 noted
that the organization of public consultations had brought
research priorities closer to the needs of Icelanders. These
consultations revealed that Icelanders were most preoccupied
by the state of the environment.

Smart specialization seeking to boost regional
autonomy

One challenge for all countries will be to ensure that
national economic growth benefits all regions. Research and
innovation are often concentrated in conurbations. There is
growing interest in a place-based approach to innovation, or
smart specialization, to give regions greater autonomy.

In the EU, receipt of resources from the European
Regional Development Fund over the 2014-2020 period
was conditional on member states developing smart
specialization strategies for their regions, with the choice of
technologies falling to local entrepreneurs. Regions with a
similar specialization have been co-operating within thematic
platforms on industrial modernization, energy and agrifood.
The great majority of regions have chosen sustainable energy
as one field for their smart specialization strategy.

Countries in Southeast Europe are developing their own
smart specialization strategies in collaboration with the
European Commission, as a prerequisite for integrating the
EU (see chapter 10). The Commission is also collaborating
with the United Nations on integrating this concept into
implementation of the SDGs (see chapter 9).

Fostering greater regional autonomy is a priority for the
Republic of Korea, a highly centralized state. In 2017, each
province was invited to create specialized clusters around
their own priorities, under the Fourth National Plan for the
Regional Development of Science and Technology 2013-2017.
The development of these clusters has been supported by the
relocation to the provinces of public institutions, including
state-owned enterprises and government-supported research
institutes (see chapter 25).

Panama has also adopted a smart specialization approach
to defining territorial agendas for innovation in its Strategic
Plan 2019-2024. Importantly, the plan also proposes
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doubling gross domestic expenditure on R&D (GERD) to
0.33% of GDP by 2024 (see chapter 7).

The Russian Federation is decentralizing research to
selected regions to create a ‘new geography of Russian
science’ The objective is to set up world-class research and
education centres in selected regions, in order to develop
new competitive technologies and products and train
professionals in line with each region’s smart specialization
profile. These centres will be organized into consortia
grouping leading research institutes and universities, in
collaboration with interested businesses (see chapter 13).

Mission-oriented policies a new focus for Europe

Latin America has been a pioneer of mission-oriented policies.
These were first introduced by Brazil two decades ago in

the form of sectoral funds then emulated by other countries
in the region, including Argentina, Colombia, Mexico and
Uruguay. Sectoral funds are a key source of government
research funding for strategic industries that may include
agriculture, energy, environment, software development

and health. Research by these targeted industries is irrigated
via government taxes levied on specific industrial or service
sectors, such as energy utility companies or casinos. In 2020,
the Mexican government decided to eliminate the country’s
own sectoral funds as part of a curb on allocating resources to
promote business innovation (see chapter 7).

In 2020, the EU embraced its own form of mission-oriented
policies. Horizon Europe, the bloc’s seven-year framework
programme for research and innovation to 2027, introduces
five concrete missions, each accompanied by specific
targets: adaptation to climate change, including societal
transformation; cancer; climate-neutral and smart cities; healthy
oceans, seas, coastal and inland waters; and, lastly, soil, health
and food. One target is to achieve 100 climate-neutral cities in
the EU by 2030, a mission that will require innovation across
sectors, such as by combining new solutions for transportation,
digital management and electric vehicles (see chapter 9).

Meanwhile, the Russian Strategy for the Development of
Science and Technology to 2035 (2016) has been touted as a new
national policy model. It fixes seven mission-oriented priorities,
namely: digital manufacturing; clean energy; personalized
medicine; sustainable agriculture; national security;
infrastructure for transportation and telecommunications;
and readiness for the future (see chapter 13).

TRENDS IN RESEARCH EXPENDITURE

Science has become synonymous with modernity
Over the past five years, science, technology and innovation
have become synonymous with economic competitiveness
and modernity, as developing countries seek to diversify their
economies and make them more knowledge-intensive.
Perhaps the most spectacular illustration of this trend is
the United Arab Emirates’ space programme, which launched
the Hope probe towards Mars in July 2020, just six years after
the birth of the national space agency. As it does not yet
have a rocket-launching capability, the United Arab Emirates
is partnering with leaders in space technology to realize its
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agenda, including with companies from the Republic of Korea
and Japan. The Hope probe was designed and manufactured
through a partnership between the Mohammed bin Rashid
Space Centre and the Laboratory for Atmospheric and Space
Physics in the USA (see chapter 17).

The United Arab Emirates almost doubled its research
intensity to 1.30% of GDP between 2014 and 2018 (Figure 1.2).
It now accounts for 0.42% of global research spending. Over
the same period, the number of full-time equivalent (FTE)
researchers surged by 20% to 2 379 per million inhabitants
(Figure 1.3), well above the global average (1 368). The lead
scientist on the Hope Project is 33 year-old Dr Sarah Al-Amiri
and the average age of scientific and technical staff at
the Mohammed bin Rashid Space Centre is 27 years. The
share of Emirati publications in physics and astronomy
with international co-authors progressed from 76% to 80%
between 2015 and 2019, in line with the global trend towards
greater international scientific collaboration (Figure 1.4).

Research investment has outpaced economic growth

The United Arab Emirates is one of 32 countries which
boosted growth in global research expenditure between

2014 and 2018 (Figure 1.8). Over this period, global research
spending (in PPP$ billions, constant 2005 prices) rose by
19.2%, outpacing the growth of the global economy (+14.8%).
This translated into a rise in research intensity from 1.73% to
1.79% of GDP.

Almost half (44%) of this rise was driven by China alone
(Figure 1.8). Without China, growth in research expenditure
between 2014 and 2018 (13.6%) would still have outpaced
economic growth (12.0%) but by a much smaller margin.

The second-biggest contribution to growth in global
research expenditure came from the USA (19.4%), followed by
the EU (11.0%). The Republic of Korea (4.7%) and India (3.8%)
also made sizeable contributions. Japan, on the other hand,
contributed just 0.3% to global growth in R&D.

The Republic of Korea has the second-highest research
intensity in the world after Israel (Figure 1.2). It is estimated
that Korean investment in R&D contributed to about 40% of
national GDP over the 2013-2017 period (see chapter 25).

Several ASEAN governments are investing more than before
in R&D. Malaysia is on track to reach its target of devoting
2% of GDP to GERD by 2020. The Indonesian government
introduced a 300% tax reduction on research expenditure for
firms in 2019 (see chapter 26).

For its part, Singapore now sets aside flexible ‘white space
funding’ for emerging sectors or unanticipated needs and
opportunities, under its Research Innovation and Enterprise
2020 Plan (2016). This has been inspired by the example of the
cybersecurity sector, which emerged during the government’s
2011-2015 funding cycle. This type of contingency funding
for industrial research could potentially also be activated by a
pandemic (see chapter 26).

In the EU, those countries which are leaders in innovation
have, on average, a research intensity close to, or above, 3%;
they are also the most advanced in terms of their transition
to green and digital economies. Denmark and Germany have
recently joined this group. Another 20 EU countries have



fallen short of their own 2020 targets for research intensity
(see chapter 9).

Looking ahead, the EU’s weight in research investment will
drop in the coming years. This change will be grounded not in
science policy but in a geopolitical reshuffle: the departure of
the UK (Brexit) reduces the bloc’s research spending by 12%.
Since the UK has a lower research intensity (1.72%), the bloc’s
average will mechanically rise without the UK from 2.03% to
2.18% of GDP (see chapter 9).

Most countries will see an artificial inflation of their
GERD/GDP ratio in 2020, even if they do no more than
maintain current levels of research expenditure, owing to
the widespread decline in GDP during the early phase of the
Covid-19 pandemic.

Research spending up in most regions

In 2018, 87% of research expenditure was concentrated

in three regions: East and Southeast Asia (40%), grouping
heavyweights China, Japan and the Republic of Korea;
North America (27%); and the EU (19%) [Figure 1.8].In 2014,
these three regions concentrated 85% of global research
expenditure.

Although gains were sometimes modest, research spending
progressed in all but two regions between 2014 and 2018:
Central Asia and Latin America (Figure 1.8).

Despite the stated desire of Central Asian governments
to boost their research effort and investment in science and
technology parks, GERD had dipped to less than 0.15% of GDP
in all countries by 2018.

In Latin America, the end of the commodities boom has
ushered in a period of stagnant economic growth, coupled
with a drop in research intensity among the regional

heavyweights of Argentina and Mexico (Figure 1.2). During
the '‘boom’ period, investment had been channelled mainly
towards economic expansion, rather than towards reinforcing
existing infrastructure or supporting innovation and risk-taking.

Gains can be fragile
Lower middle-income countries have raised their global share
by just 0.13% to 4.3% and that of low-income countries has
stagnated at 0.10%, despite greater research spending by
both income groups between 2014 and 2018.

Moreover, these gains can be fragile. By 2017, Burkina Faso
had one of the highest research intensities in Africa (0.61%
of GDP) but this was to be short-lived; following a spate of
terrorist attacks in 2019, the government was compelled to
channel most of this funding towards strengthening national
security (see chapter 18). Iran devoted 0.83% of GDP to R&D
in 2017 and Iranian banks and credit institutions increased
their lending to knowledge-based companies by 75% in 2019.
However, the USA’s withdrawal from the Joint Comprehensive
Plan of Action, or nuclear deal, in 2018 and subsequent
snapback of US sanctions have created economic hardship
that may undermine this trend in Iran (see chapter 15). Cuban
plans to raise researchers’ salaries received a setback when
US sanctions were restored in 2017, three years after being
lifted (see chapter 7).

Financial sustainability a challenge for African start-ups
Financial sustainability is a challenge for many of Africa’s 744
tech hubs which rely on grants from development partners
and international donors to survive, in the near absence of
local business angels and seed capital. For instance, almost
80% of investment in Nigeria’s 101 tech hubs comes from

Available data on research expenditure
and the researcher pool cannot paint

a complete picture, since a minority of
countries are publishing internationally
compatible data.

Even though countries agreed in
2015 to monitor their progress in
raising research intensity (SDG 9.5.1),
and researcher density (SDG 9.5.2), as
part of their commitment to reaching
the Sustainable Development Goals by
2030, this undertaking has not spurred
an increase in reporting of data.

On the contrary, a total of 99
countries reported data on domestic
investment in research in 2015 but
only 69 countries in 2018. Similarly,

59 countries recorded the number of
researchers (in full-time equivalents)
in 2018, down from 90 countries in
2015

Between 2015 and 2018, only 107
countries reported data for at least one
of these four years on female researchers.
Moreover, internationally comparable
data are unavailable for populous
countries such as Bangladesh, Brazil,
China, India, Nigeria and the USA.

Even countries which have set up
observatories to improve data collection
and analysis are not yet surveying
innovation in the private sector in many
cases, leaving them with a ‘blind spot’
when it comes to assessing the strengths
and unmet needs of the national
innovation system.

The situation with regard to
environment-related SDG indicators is
no better. Progress towards 68% of these
indicators cannot be measured for lack
of data, according to Measuring Progress:
towards Achieving the Environmental

Dimension of the SDGs, published
by the United Nations’ Environment
Programme in 2019.

These data gaps should be of concern,
since policy formulation and revision
need to be informed by reliable data
collected on a regular basis. One cannot
monitor what one cannot measure.

A related challenge for evidence-
based policy-making concerns the
omission, in many policy frameworks,
of any mention of successes or failures
experienced by earlier strategies. This
oversight suggests that policies may
not be drawing upon lessons learned
from past experience.

Source: compiled by authors

*In 2018, 50 countries recorded the number
of researchers (in head counts), down from 97
countries in 2015.
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Figure 1.8: Trends in research expenditure

Top 15 countries for gross domestic expenditure on R&D (GERD), 2008-2018
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offshore sources. In 2019, the Nigerian CcHub acquired the
Kenyan iHub, creating West Africa’s first ‘mega-incubator"
Since its inception in 2011, CcHub has incubated more than
120 early-stage ventures. Whereas CcHub has adopted a
commercial model, charging for workspace and creating its
own Growth Capital Fund - Nigeria’s first fund targeting social
innovation - iHub's donor-funded model ultimately proved
unsustainable (see chapter 18).

Tunisia’s Startup Act (2018) is purportedly the world’s
first legal framework to grant aspiring entrepreneurs a year
of leave funded by the state to set up a new business, an
opportunity that is open to both public and private sector
employees (see chapter 17).

Under Zimbabwe's Education 5.0 programme (2018),
public universities are being encouraged to work with
communities and start-ups to solve local problems. The
programme tasks universities with establishing an innovation
and industrialization fund that draws on tuition fees and is
managed by non-university staff (see chapter 20).

Efforts to boost university-industry ties

There tends to be little appetite among firms for collaboration
with universities and public research institutes. So concluded
a 2013 survey by the UNESCO Institute for Statistics of
manufacturing firms active in innovation in 53 countries of

all income levels.8 There has been little change since. One

of the countries surveyed at the time was New Zealand. A
2018 study of trends in this country found that just 1.5% of
scientific publications involved co-authorship between the
academic and business sectors (see chapter 26). A separate
study on the same topic (see chapter 8) found a similar ratio
for China over 2015-2017. The ratio of co-authorship was
higher for the EU and Brazil (2.4%), USA (2.8%), the Republic of
Korea (3.9%), Germany (4.4%) and France (4.5%).

In Canada, industrial research intensity declined from 0.78%
to 0.63% of GDP between 2014 and 2019. The Canadian
government is challenging domestic firms to enter into
collaborative partnerships with public research institutions, in
order to develop ‘bold and ambitious’ innovation strategies.

In 2017, the government allocated Can$ 950 million to
support five innovative ‘superclusters’ over the next five
years, a scheme for which the private sector is required to
match government funding. These superclusters specialize

in next-generation manufacturing, the ocean economy,
protein industries, digital technologies and Al. The latter two
superclusters have both invested in leveraging technology to
find solutions to the Covid-19 crisis (see chapter 4).

Armenia innovated in 2018 by issuing a call within its
Targeted Projects Programme (est. 2010) restricted to research
projects that involved both public institutes and industrial
partners, to which the latter were obliged to contribute at
least 15% of project funding.

Under the Collaborative Research and Development to
Leverage the Philippine Economy Program (2016), a tertiary
or research institution that forms a collaborative research
partnership with at least one enterprise receives government
funding up to PHP 5 million (ca US$ 100 000), with the partner
company contributing 20% of the project funds.
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In South Asia, the current push for infrastructure
development and industrialization is largely taking place on a
parallel path to R&D when each could be nurturing the other.
Several countries are striving to incentivize public research
institutions to forge ties with industry (see chapter 21).

For instance, Pakistan’s Technology Transfer Support Fund
(2019) provides grant funding to university laboratories that is
matched by industry (see chapter 21).

Technology transfer is a priority of Sri Lanka’s National
Policy Framework for the Development of SMEs (2016), which
is accompanied by a national technology development
fund cofinanced by the government and private sector (see
chapter 21).

Bangladesh’s own SMEs Policy (2019) recognizes the need to
give SMEs greater access to finance, markets, technology and
innovation. This policy will be supported by the new Bangladesh
Engineering Research Council for the commercialization
of research results and adaptation of imported technology
established by law in September 2020 as an outcome of the
National Science and Technology Policy (2011).

Space industry spawning public-private partnerships
One industry with a growing appetite for public—private
partnerships is space. The year 2019 marked a peak in global
investment in the space economy, with firms headquartered
in the USA accounting for 55% of the total. The USA was
followed by the UK (24%), France (7%) and China (5%) [see
chapter 5]. The African space market was estimated to be
worth US$ 10 billion in 2014 (see chapter 18).

The space industry covers areas that include
telecommunications, environmental monitoring and space
debris monitoring (see chapter 24). On 3 January 2020, the
SpaceX corporation became the first private company to
launch humans into space when it transported astronauts
to the International Space Station®. Increasingly, the
US National Aeronautics Space Administration (NASA) is
tasking commercial partners with developing the space
economy, in order to leave the agency free to focus its own
resources on deep space exploration (see chapter 5).

Japan is a relative newcomer to the ‘space business. Space
companies remain dependent on government contracts
for more than 80% of their revenue but this is gradually
changing. The New Enterprise Promotion Department created
in 2016 by the Japanese Aerospace Exploration Agency
(JAXA) gives private companies access to JAXA's expertise,
intellectual property and facilities to develop new products.
In turn, the commercial applications developed by its
industrial partners are breathing new life into JAXA's own
patents and other intellectual property (see chapter 24).

The aerospace industry is also gaining traction in some
developing countries. Mexican exports of aerospace products
progressed by 14% per year between 2010 and 2016. Over the
same period, the number of aerospace companies in Mexico
rose from 241 to 330. The Querétaro Aerospace Cluster has
hosted FAMEX, the biggest aerospace fair in Latin America,
since 2019 (see chapter 7).

The African Space Strategy (2017) has four components:

Earth observation, navigation and positioning systems, satellite



communications and space science and technology. The
ultimate aim is to create an African Space Agency, to be hosted
by Egypt. The African Union signed a co-operation agreement
with the EU's Copernicus programme in 2018 as a precursor to
the launch of the African Outer Space Programme in 2019 (see
chapter 19).

The weaponization of space is rapidly becoming a serious
geopolitical and security concern, complicating international
relations. Announced in February 2019, the Space Force,

a new service of the US military, will be structured as a

corps within the US Air Force. Several other countries have
announced similar space commands, including China, France
and the Russian Federation (see chapter 5).

Basic research: a new division of labour

Two global leaders for innovation, Switzerland (see chapter 11)
and the USA (see chapter 5), have undergone a notable shift

in the traditional division of labour whereby basic research

is conducted and funded by the public sector while applied
research and experimental development remain the preserve
of the business sector. In 2017, Swiss businesses financed 27%
of basic research, double the proportion in 2012. In the USA, the
business sector funded 30% of basic research in 2017, up from
23% in 2010; in dollar terms, business spending on basic
research has doubled since 2007 in the USA even as federal
levels have remained stable (since 2011).

This trend may be partly a consequence of the avalanche
of big data being generated through basic research which
form an increasingly vital component of applied R&D. Big
data are at the heart of tech-based companies spanning
fields as varied as social media, the automotive and
aeronautics industries and pharmaceuticals. Al is being used,
for instance, to determine the structure of atoms and
molecules for industrial applications in materials science and
pharmaceuticals (computational drug design).

Big data are a vital resource for the health sector, which is
a major economic driver for both Switzerland and the USA.
As the cost of genome sequencing has dropped with the
growing sophistication of related technologies, programmes
have produced torrents of data on individual human
genomes, spawning a booming pharmacogenetic industry.
Precision medicine personalizes medicine by tailoring it to
the patient’s unique genome. In 2019, 25% of the 48 new
molecular entities approved by the US Food and Drug
Administration’s Center for Drug Evaluation and Research
were personalized medicines, according to the Personalized
Medicine Coalition.

In order to analyse this burgeoning volume of data,
pharmaceutical companies will become highly dependent
on Al and cloud computing, obliging them to collaborate
more with data giants (see chapter 5).

These trends suggest a potential for public institutions
and large companies to co-finance selected joint research
projects in basic science. Such a policy change would have
the potential to strengthen domestic firms and attract other
firms from abroad. It would also create a new layer of
complexity in areas such as intellectual property protection
and research freedom (see chapter 11).

TRENDS IN RESEARCHERS

Researcher density on therise

Between 2014 and 2018, the researcher pool grew three
times faster (13.7%) than the global population (4.6%).

This translates into 8.854 million full-time equivalent (FTE)
researchers. Without China, the surge in researcher numbers
(11.5%) would have been only double the rate of population
growth (5.2%).

In 2018, China accounted for 21.1% of global researchers,
just shy of the EU’s own share of 23.5%. The USA contributed a
further 16.2% (2017).

Low-income economies have witnessed the fastest growth
(+36%) in researcher density since 2014 but still account for
only 0.2% of the world’s researchers.

Some of the greatest percentage changes are occurring
in developing countries such as Jordan, Mauritius, Iran and
Ethiopia (Figure 1.9).

In 2014, Latin America crossed the symbolic threshold of
counting one researcher per 1 000 labour force. Three years
later, the regional average had inched up to 1.03. Argentina had
the largest proportion of researchers (2.91), followed by Brazil,
Chile, Costa Rica and Uruguay. Stagnating growth in research
intensity in some countries could compromise these gains.

Measures to boost the status of researchers

Brain drain remains a chronic problem for many countries
with low or stagnating research expenditure. In Central Asia,
governments confronted with brain drain and an ageing
researcher population are seeking to improve the status of
researchers through measures such as pay rises, competitive
research grants and greater interaction with institutional
partners abroad (see chapter 14).

Brain drain is a severe problem in Southeast Europe,
with the young being drawn to the more prosperous EU
countries. With scientific and technical skills underutilized
in the economy, governments are vowing to invest more in
research and innovation from now on. Serbia is on the verge
of reaching its own 1% target for research intensity (see
chapter 10).

Between 2014 and 2018, Russian research spending dropped
by 6% in constant prices and the researcher pool (in FTE) shrank
by 9.5%. By 2018, the average age of Russian researchers
was 47 years and almost one in four had reached retirement
age. The introduction of wage growth policies and various
research grant programmes targeting the younger age group is
designed to inverse this trend (see chapter 13).

Women a minority in Industry 4.0 fields

Women accounted for one in three (33%) researchers in 2018.
They have achieved parity (in numbers) in life sciences in
many countries and even dominate this field, in some cases.
However, they make up just one-quarter (28%) of tertiary
graduates in engineering and 40% of those in computer
sciences. Just 22% of professionals working in the field of Al
are women. The irony is that these fields are not only driving
the Fourth Industrial Revolution; they are also characterized
by a skills shortage. Women remain a minority in technical
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Figure 1.9: Global trends in researchers (FTE)
Global shares of researchers by region, 2014 and 2018 (%)
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and leadership roles in tech companies. In the USA, the main
reason given by women for leaving their job in the tech world
is a sense of being undervalued (see chapter 3).

Fewer than one in four researchers in the business world
is a woman and, when women start up their own business,
they struggle to access finance. In 2019, just 2% of venture
capital was directed towards start-ups founded by women.
Countries have introduced measures to support female
entrepreneurs. For example, Chile introduced the Human
Capital for Innovation in Women'’s Enterprises scheme in 2018.
It provides tech-based start-ups founded by women with
cofinancing of up to 30 million pesos (ca US$ 40 000) to help
them hire staff for a given project, covering 80% of the hiring
cost for men and 90% for women (see chapter 3).

TRENDS IN PATENTING

China opening up domestic market

China received the most patents from the top five patent
offices in 2019: 29% (Figure 1.10). The USA (20%) and EU
(14%) held steady, whereas Japan'’s share slipped to 18% from
23% in 2015.The trend in Japan may be tied to the decision
by the Japanese Patent Office to raise fees to encourage
inventors to be more selective in their patent applications.

There tends to be a close correlation between the size of a
country’s research intensity and its innovative performance.

In most countries with a high research intensity, the business
enterprise sector contributes more than half of research
expenditure. In 2018, Japan and the Republic of Korea had a
research intensity of 3.3% and 4.5%, respectively. The business
enterprise sector funded 78% in Japan and 76% in the Republic
of Korea (see chapters 24 and 25). These countries have the
highest patent intensity in the world (Figure 1.11).

With the Foreign Investment Law, which came into effect
on 1 January 2020, the Chinese government has passed
landmark legislation to open up the domestic market and
level the playing field for foreign businesses competing with
state-owned enterprises and private firms.

The issue of intellectual property protection and
enforcement has complicated trade talks between China and
the USA for some time but China’s own strategic industries
expect better government protection of their intellectual
property. Consequently, the Anti-Unfair Competition Law
was amended in April 2019 and the Patent Law in 2020. The
establishment of the first courts specializing in intellectual
property in Beijing, Shanghai and Guangzhou in late 2014
was followed by 20 specialized tribunals across several
provinces between 2017 and 2020 and a new national-level
intellectual property court within the Supreme People’s Court
on 1 January 2019 (see chapter 23).

Reforms to make it easier to patent

A growing interest in innovation is leading more governments
to enact legislation to make it easier for start-ups and other
companies to protect their intellectual property (e.g. Liberia,
Myanmar, Namibia, Uzbekistan, Viet Nam). For instance, the
Liberia Intellectual Property Act in 2016 followed the Liberia
Innovation Fund for Entrepreneurship in 2015, financed

jointly with the Government of Japan. Between 2015 and
2019, 23 patents were granted by the top five patent offices to
Liberian inventors. In 2018, ministers of the Southern African
Development Community adopted a subregional Intellectual
Property Framework to foster mutual co-operation on
reforming national intellectual property regimes.

Around the world, procedures for filing patent applications
can be complex and the cost of patenting high. European
companies currently need to file for patent protection in all
27 member states. Once the process of ratification of the
agreement for a Unified Patent Court (2013) is complete,
companies will only need to file the unitary patent once with
the European Patent Office. Procedural fees are, consequently,
expected to drop (see chapter 9).

Between 2015 and 2018, there was a decline in the number
of patent applications filed by domestic inventors at the
Russian Federal Service for Intellectual Property (Rospatent).
In response to the downturn, the government has reduced
patent duties for applicants and offered tax cuts to alleviate
the cost of patenting, loans and credit guaranteed by
intellectual property rights. Subsidies are available to those
filing patent applications abroad (see chapter 13).

In Africa, the high cost of registering intellectual property
and lack of a common system is hindering patenting,
despite the surge in tech hubs. This problem is unlikely to be
resolved in the near future, since the Pan-African Intellectual
Property Organization is taking longer than expected to
become operational. It costs over US$ 37 000 at the African

Figure 1.10: Share of global IP5
patents, 2015 and 2019 (%)

Top four countries and selected groupings

G
i

[l China USA [l Japan [ European Union Rep. Korea

Other high-income economies [l Other G20 members
Rest of the world

Note: Patent counts are based on the full-counting method, according to the
countries of inventors and years in which the patents were granted by the five
patent offices, namely the US Patent and Trademark Office, European Patent Office,
Japanese Patent Office, Korean Intellectual Property Office and State Intellectual
Property Office of the People’s Republic of China. The sum across countries/regions
is higher than the world total because of co-inventorship.

Source: PATSTAT,; data treatment by Science-Metrix
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Regional Intellectual Property Organization and US$ 30 000
at the Organisation africaine de la propriété intellectuelle to
register and maintain a 30-page patent for the first ten years.
This compares with US$ 5 216 in South Africa, US$ 4 330 in
Malaysia and just US$ 2 500 in the UK (see chapter 19).

Start-ups being snapped up by foreign multinationals
Fewer than half of the patents obtained by inventors from Israel
are owned by Israeli companies. This means that knowledge is
being created in Israel then transferred to a foreign company.
Increasingly, Israeli intellectual property is being obtained by
means of the acquisition of Israeli firms and start-ups. The most
active corporate buyers of Israeli companies since 2014 have
been Google, Microsoft and Intel. The potential consequences

of this growing trend are that production and jobs could both
migrate abroad (see chapter 16).

In Canada, foreign-controlled firms account for one-third of
allin-house R&D. Industry is increasingly outsourcing research
abroad: outsourced research expenditure by companies in
Canada rose for the third consecutive year to Can$ 4.9 billion in
2017, according to Statistics Canada. Although macro-economic
conditions and the regulatory environment appear to be
conducive to business creation and development, Canada’s
promising start-ups are often being acquired and developed
in other countries. Survey evidence from Canadian firms and
technology stakeholders also suggests that a lack of managerial
talent and experience in expanding domestic technology firms
to scale is a critical impediment (see chapter 4).

Figure 1.11: Mutually reinforcing effect on patenting of strong research investment by

government and industry, 2018 or closest year

Among countries with at least 100 granted IP5 patents and a research intensity of at least 0.5% of GDP in 2018
The size of circles is proportionate to the number of IP5 patents per million inhabitants
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Developing countries with innovative industries are also
affected by this phenomenon. Most patents in India concern
pharmaceuticals and information technology. About 85% of
assignees of patents issued by the Indian Patent Office and
US Patent and Trademark Office are foreign inventors,
commonly represented by multinational corporations
specializing in digital technologies (see chapter 22).

Relinquishing patent rights for the common good
Leading tech companies like IBM are donating some of their
patents to open-source initiatives, following the global trend
towards more open knowledge-sharing (see chapter 20 and
The time for open science is now, p. 12).

On 29 May 2020, Costa Rica and the World Health
Organization launched a voluntary Covid-19 Technology
Access Pool. It calls upon the global community to pool
related knowledge, intellectual property and data in an online
repository (see chapter 7).

TRENDS IN SCIENTIFIC PUBLISHING

Strong growth in cross-cutting technologies

Health research continues to dominate scientific output,
accounting for 33.9% of publications in 2019. Among broad
fields, environmental sciences showed the fastest growth
between 2015 and 2019 (+45.7%), albeit from a low starting
point: 3.6% of global output in 2015.

There was a general trend over this period towards more
intense scientific publishing, with global output being 21%
higher in 2019 than in 2015. Publications on cross-cutting
strategic technologies even surged by 33% (Figure 1.12).

These trends extend to lower-income and low-income
countries, which recorded some of the fastest growth rates in
both publication categories. Scientific output overall grew by
71% among low-income countries and surged by 170% for
cross-cutting technologies (Figure 1.12).

Cross-cutting technologies accounted for 18% of global
scientific output in 2019, led by Al and robotics (Figure 1.13).

Between 2015 and 2019, the shares of China, the EU and
USA in Al and robotics receded as developing countries
boosted their own output in this field (Figures 1.6 and 1.13).

The second-most popular cross-cutting technologies relate
to energy, followed by materials science (Figures 1.5, 1.14 and
1.15). Energy is the top field for China, Egypt, the Republic of
Korea, Saudi Arabia and South Africa, for instance. Materials
science ranks first for both Indonesia and the Russian
Federation.

The fourth-fastest-growing field is nanoscience and
nanotechnology, thanks largely to China, which produced just
under half of all publications in this field in 2019 (Figure 1.6).

There were just 18 000 publications in biotechnology in
2019. This compares with 148 000 publications in Al & robotics
over the same period, to which countries from all income
groups contributed.

Rapid shifts in the publishing landscape
In 2019, the EU (28.6%), China (24.5%) and USA (20.5%)
combined contributed to three-quarters of global scientific

production. A further 13 countries accounted for 1% or
more of publications: India (6.1%), Japan (4.5%), the Russian
Federation (3.7%), Canada (3.6%), Australia (3.3%), the
Republic of Korea (3.1%), Brazil (2.8%), Iran (2.3%), Turkey
(1.6%), Switzerland (1.5%), Indonesia (1.4%), Malaysia (1.1%)
and Saudi Arabia (1.0%)."

Looking forward, the EU will feel the UK's loss through
Brexit most keenly in terms of scientific output, as the UK
has the highest publication intensity in the bloc. In return
for an upfront financial contribution, UK scientists will still
be entitled to compete for grants in basic research from the
European Research Council (ERC) from 2021 onwards but
without the right to influence the shape of this key research
programme. Between 2014 and 2020, the UK was the
greatest beneficiary of ERC grants and a magnet for European
talent: 43% of ERC grantees based in the UK in 2020 were
citizens of this country and a further 37% were EU citizens
(see chapter 9).

In Latin America, Ecuador's scientific output showed the
fastest growth rate (152%). Over the dual periods 2012-2015
and 2016-2019, Ecuador’s output on Al and robotics grew
ninefold, one of the highest rates in the world (Figure 1.13).

There has been a substantial rise in Indonesia’s share of
global output (0.15% in 2011 and 0.3% in 2015) and in that of
Saudi Arabia (0.43% in 2011 and 0.81% in 2015).

In 2017, the Indonesian government linked the publication
of research in international, indexed journals to the review of
scientists’ career performance. As Indonesian output soared,
the proportion of that output with foreign collaborators
shrank, accelerating an already precipitous decline from
the 2012 peak of 55% to merely 17% of publications having
foreign co-authors by 2019.

Strong growth in scientific publications in Saudi Arabia
(+43% between 2015 and 2019) can be linked to the policy
whereby Saudi universities recruit highly cited foreign
scientists. In 2019, 76% of Saudi publications had foreign
co-authors.

Out of almost 6 100 highly cited researchers worldwide
in 2018, only about 90 were based at universities in the
Arab world, mostly in Saudi Arabia, and just six highly cited
researchers originated from the Arab region, according to a
study of the Web of Science database (see chapter 17).

TRENDS IN INTERNATIONAL SCIENTIFIC
COLLABORATION

More international scientific collaboration

At the global level, the rate of international scientific
collaboration rose from 22% to 24% between 2015 and 2019
(Figure 1.4). This average masks wide disparities among
income groups and countries. Growth was fastest in high-
income countries (from 30% to 36%). In the EU, the share of
papers co-authored with third countries surged from 41%
to 47%. In the USA, international scientific collaboration has
risen from 36% to 41% and is now on par with the average
for Latin America, suggesting that scientific collaboration
has not been dented by the US retreat from the multilateral
system since 2017 under the America First policy agenda
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Figure 1.12: Global trends in scientific publishing
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(see chapter 5). China and the USA remain one another’s top
international scientific partners, despite tensions over trade
and technology (see chapters 5 and 23).

In low-income countries, the level of international scientific
collaboration remains high (from 72% to 70%). The modest
ratios for China (23%) and India (19%) in 2019 (Figure 1.4)
explain the lower average for upper middle-income and lower
middle-income countries, respectively. Of note is that China
has become one of India’s top five scientific partners (see
chapter 22).

—

Share of global publications on Al & robotics, 2011, 2015 and 2019 (%)

Among countries contributing to at least 1% in 2019; data labels are for 2019

The Russian Federation has bucked the global trend, with
its own level of international scientific collaboration having
dropped from 27% to 24% over the 2015-2019 period
(Figure 1.4).

South and Southeast Asia have the lowest levels of
international scientific collaboration, at less than 25% on
average. Iran has forged closer international scientific ties
since 2015, with the ratio of co-authored publications
surging from 21% to 28% (Figure 1.4); this trend may be a
consequence of the lifting of economic sanctions in 2016.

Figure 1.13: Trends in scientific publishing on artificial intelligence and robotics
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Malaysia (44% in 2019), Pakistan (56%) and Singapore (71%)
have some of the highest ratios of international scientific
collaboration in Asia; moreover, all three have seen a rise of at
least 5% since 2015.

Talent market and diaspora drivers of change

Highly cited scientists are being wooed by developing
countries eager to enrich or augment their publishing record.
A lucrative talent market has emerged that is pushing up

the remuneration of leading scientists. This trend is boosting
national statistics for scientific publishing and international
collaboration.

Another contributing factor is the growing size of the
diaspora. That Saudi Arabia should be Pakistan’s second-
largest scientific partner can be explained primarily by links
to the diaspora (see chapter 21).

The diaspora includes scientists fleeing conflict zones.
Output by scientists affiliated to Syrian institutions grew
by 29% over 2015-2019. In Yemen, where more than
43 government scientific centres affiliated with Yemeni
universities have had to suspend operations following
structural damage to their facilities, research output grew
from 281 publications in 2015 to 614 in 2019 (see chapter
17 and The integration of refugee and displaced scientists
creates a win—win situation, p. 20).

By contrast, there has been a precipitous drop in international
scientific collaboration in the Philippines since 2014 when six
in ten articles had a foreign co-author. The reinforcement of the
Returning Scientist Act'?in 2018 may explain the steep decline
in foreign-affiliated co-authorship from 49% in 2018 to 41%
just a year later, assuming that much of international scientific
collaboration was driven by ties with the diaspora.

Environmental sciences highly collaborative
International collaboration is most common in the
geosciences, with one-third of global publications (36%)
involving authors from more than one country in 2019, up
from 33% in 2015. This is followed by collaboration in other
environmental sciences (Figure 1.16); here, six out of ten (59%)
EU publications in 2019 involved partnerships with third
countries, a similar ratio to that observed for sub-Saharan
scientists (64%).

International co-authorship in cross-cutting strategic
technologies and engineering has hovered around the 20%
mark since 2015. High-income economies have boosted
their own collaboration with countries from other income
groups on cross-cutting strategic technologies from 31% of
publications in 2015 to 37% in 2019.

Science can serve a common cause

In the Arctic, a region targeted by one-tenth of Russian
economic investment, the EU and the Russian Federation
have worked together on issues that include wastewater
management and the treatment of nuclear waste. In May
2017, the eight Arctic States signed an Agreement on
Enhancing International Arctic Scientific Cooperation, namely
Canada, Demark, Finland, Iceland, Norway, the Russian
Federation, Sweden and USA (see chapter 13).

New Zealand’s 2020-2021 Budget allocates NZ$ 35 million
to the Catalyst Fund, which supports international research
relationships. New Zealand is already involved in the Global
Research Alliance on Agricultural Greenhouse Gases. In
2018, New Zealand increased its official development
assistance by 30%, in response to the financing needs
of developing countries to meet The 2030 Agenda for
Sustainable Development. Some 60% of this assistance goes
to the Pacific region, where New Zealand was one of the top
five scientific partners over 2017-2019 for the Cook Islands,
Fiji, Palau, Tonga and Samoa. Scientists from New Zealand
co-authored 64% of publications with foreign partners in
2019, up from 59%.

Under the Belt and Road Initiative Science, Technology
and Innovation Cooperation Action Plan announced by
China in May 2017, five technology transfer platforms are
to be created in countries belonging to the Association of
Southeast Asian Nations (ASEAN), the Arab world, Central
Asia and Central and Eastern Europe, along with a batch of
joint research centres in Africa (see chapter 23).

Over the dual periods 2014-2016 and 2017-2019, the
number of instances where one ASEAN country was a
top-five collaborator for another rose from five to eight. China
remained one of five top collaborators for six, and Australia
for eight, out of ten ASEAN countries over this six-year period.

Greater intraregional scientific collaboration

There is a trend towards greater intraregional scientific
collaboration. Brazil and Peru figure among Colombia’s top
five scientific partners, for instance. Ghana became a top-
five collaborator for Burkina Faso, Liberia and Sierra Leone in
2017-2019. Uganda was among the top five collaborators for
eight sub-Saharan countries and South Africa for as many as
23 countries over the same period.

South Africa has raised its ratio of internationally
co-authored publications from 54% to 57% since 2015.

The South African National Research Foundation is one of
three sponsors of the Science Granting Councils Initiative
launched in 2016, along with the Canadian International
Development Research Centre and UK Department for
International Development. Within this initiative, Malawi’s
National Commission for Science and Technology (NCST)
developed collaborative calls for agricultural research

with Mozambique and Zimbabwe in 2019. In August

2020, the NCST launched a trilateral call for collaborative
research proposals in renewable energy with Zambia and
Mozambique (see chapter 20). In Burkina Faso, the National
Fund for Research and Innovation for Development (FONRID,
est. 2011) has been partnering with Senegal to obtain joint
research grants in food and agriculture through the Science
Granting Councils Initiative (see chapter 18).

The Economic Community of West African States
(ECOWAS) has, itself, been encouraging subregional scientific
collaboration and mobility. Since 2018, the ECOWAS
Research and Innovation Support Programme has awarded
competitive annual grants to research teams from the
subregion, with a focus on problem-solving research
(see chapter 18).
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REGIONS industry; by early 2020, it had funded more than 65 projects
for Can$ 2.2 billion.

Public research infrastructure in Canada (chapter 4) is In 2017, the government challenged Canadian enterprises

receiving a reboot after years of decline. The government to partner with research institutions to develop ‘bold and

has invested in new research facilities and novel modes of ambitious’ innovation strategies, as part of the Innovation

co-operation are being trialled between federal laboratories, Superclusters initiative which is focusing on the ocean

academia and business. economy, next-generation manufacturing, digital technology,

Expenditure on industrial R&D as a share of GDP amounts protein industries and Al.

to only half the OECD average. The government has launched Industry groups have argued that the federal and provincial

initiatives to rectify the situation. As part of the Innovation governments operate on the basis of a supply-side, linear view

and Skills Plan (2017), the Strategic Innovation Fund was of innovation. The lack of a national strategy for STl is an obvious

Figure 1.14: Trends in scientific publishing on energy G’°":LP;":’:;;“'°"$
108 129

Share of global publications on energy, 2011, 2015 and 2019 (%)

in 2019
Among countries contributing to at least 1% in 2019; data labels are for 2019

35.6 I 2011 | 2015 [ 2019 \

The Ewropean Union
contributed to 22.7% of
P Lcalibns b ener

Toprics in 2079.

86771

in 2015

70 215

in 2011

ST E S 0 @ D FF DI EDE QS IR
SRS é‘b .o‘ N R .7)«3 2N 0«\7’ & & L B @S P $zb & Z&? N bo& %{_\"}
CINC & ¥ ¥ 8 & <
& P S
Top 15 countries for growth rate in scientific publishing on energy, 2012-2019
Among countries with at least 500 publications, arranged by volume
Volume of publications, 2012-2019 Growth rate, 2012-2019
40158
5.36
3.89 3.79
3.29 3.13
234 235 254
2.06
182) (174 170 1.86 2.01 1.89
6808 5721
3892 S 5231
1951 1424 1183 1120 1084 1000 617 577 570
& ﬁQ& s° X & & & & & N N & & & &
& S & RS N S S S & O > « RS Q S
& < A\ A o° v RIS SRR

Note: The growth rate is calculated as the number of publications from 2016-2019 divided by the number of publications from 2012-2015.

Source: Scopus (Elsevier), excluding Arts, Humanities and Social sciences; data treatment by Science-Metrix

60 | UNESCO SCIENCE REPORT



barrier to resolving this challenge, as it means that provinces and
territories implement their own strategies and programmes.

The nascent Canada Research Coordinating Committee
aims to improve co-ordination at federal level, including
through the New Frontiers in Research Fund designed to
bolster federal support for high-risk, game-changing research.

The Pan-Canadian Artificial Intelligence Strategy (2017)
commits funds to raising the number of outstanding Al
researchers and skilled graduates. Canada is striving to
assume a leadership role in the international conversation on
the potential social impact of Al.

Canada has set a target to 2050 for achieving net-zero
carbon emissions, punctuated by five-year milestones that
are set in law. Coal is to be phased out by 2030 but crude oil
production is expected to increase by 50% over 2018-2040.
The government is aiming to place a tax of Can$ 50 on each
tonne of carbon pollution emitted by 2022.

In 2016, the government adopted a Can$ 1.5 billion Oceans
Protection Plan. By 2018, nearly 14% of marine and coastal
areas had been protected, up from around 1% in 2015.

Canada has also designed an Arctic and Northern Policy
Framework (2019). Polar Knowledge Canada, a federal agency,
is funding innovative research to support climate mitigation
and adaptation, such as through community observatories for
joint research with indigenous communities.

In the United States of America (chapter 5), the adoption of the
America First priority in 2017 led to new sector-specific policy
goals, including that of reducing the US trade deficit in goods
with key trading partners through the imposition of tariffs.

The trade dispute with China since 2018 has spilled over
into the arena of high technology, technology transfer and
intellectual property protection, posing a real risk of decoupling
between the two countries in terms of technology and talent.

More generally, there is a broad consensus between
federal agencies and the executive and legislative branches
that the USA needs to adapt to an increasingly competitive
international environment.

The federal government has, consequently, prioritized key
digital technologies viewed as critical to the USA's economic
competitiveness and cybersecurity, including Al, quantum
information science (QIS) and advanced mobile network
technology. The first National Artificial Intelligence Research
and Development Strategic Plan was published in 2016. Four
years later, the federal government announced plans to
double government investment in research in QIS and Al by
2022 over the 2019 baseline.

Space has re-emerged as a priority, as encapsulated by
the National Space Policy of 2017. NASA was one of only four
agencies targeted for an increase in the government’s budget
proposal for 2021. Public-private partnerships involving NASA
have been key to developing the private space industry.

The America First policy agenda has led the USA to
withdraw from several multilateral agreements, including
the Paris Agreement. A number of states have, nevertheless,
chosen to respect their own commitment to climate action
and the new administration returned the USA to the Paris
Agreement in February 2021.

Between 2017 and 2019, the government rolled back
more than 90 environmental protections. This, coupled with
technological advances that have reduced the price of natural
gas and renewables, led to an expansion of oil, natural gas
and renewables that has been supported by generous tax
incentives and a 22% increase in research funding for the
Department of Energy between 2015 and 2020.

Despite health care accounting for about 18% of GDP
in 2017, access and equity remain an issue. Moreover,
the share of health care financed by federal, state and
local governments is expected to rise to 47% by 2028, an
unsustainable trajectory. Precision medicine is opening up
a wide range of therapeutic possibilities but also raising
health costs. With pharmacogenetics a burgeoning field,
pharmaceutical companies will need to collaborate more with
data giants, in future.

In 2020, independent antitrust reviews were under way of
the five leading digital tech giants, in response to growing
concerns about their influence on society, the economy and
politics.

The Covid-19 pandemic has killed more than half a million
US citizens. Despite the pandemic, new company registrations
surged in 2020, even as the amount of venture capital
available to start-ups shrank.

The mounting cost of natural disasters has set the stage

for bold collective initiatives by the Caribbean Community
(Caricom, chapter 6) in areas that include climate resilience
and green innovation. For instance, in order to relieve the
financial and ecological burden of costly imports of fossil
fuels, the Green Climate Fund is supporting an eight-year
project to develop geothermal resources in Dominica,
Grenada, St Kitts and Nevis, St Lucia and St Vincent and the
Grenadines.

Guyana plans to use the recent discovery of offshore oil and
gas reserves by ExxonMobil to develop renewable sources
of energy. To this end, the government created a Sovereign
Wealth Fund in 2019 which is financed primarily from oil
earnings; one project concerns turning the town of Bartica
into a ‘pilot and model green town;, with support from the
Caribbean Community Climate Change Centre.

Strategic frameworks are closely aligned with The 2030
Agenda for Sustainable Development but detailed roadmaps
and sustainable funding, monitoring and evaluation
mechanisms are needed to support implementation.

Member states have adopted a Caricom Digital Agenda 2025
and a roadmap approved in 2017 for the creation of a Single
Caricom ICT Space to nurture an ICT-enabled borderless space.
Training will be a key element, given the shortage of software
engineers and low scientific output in this field.

Although the observed growth in scientific publications
attests to a more vibrant research culture, the current
emphasis on health research will not prepare Caribbean
societies for the digital and green economies of tomorrow.

The near-total absence of data on R&D is penalizing science
management at the national and regional levels. For instance,
it has hampered implementation of the Strategic Plan for the
Caribbean Community 2015-2019. In 2018, Caricom developed
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a Results-based Management System with support from
the Caribbean Development Bank to guide systematic data
collection, analysis and use, as well as reporting on progress
towards regional integration and development.

With innovative firms in need of systemic, sustained
support, Jamaica's new programme for Boosting Innovation,
Growth and an Entrepreneurship Ecosystem could serve as a
model for the region.

During the commodities boom, investment in Latin America
(chapter 7) was channelled mainly towards economic
expansion, rather than towards reinforcing existing
infrastructure or supporting innovation and risk-taking.

Figure 1.15: Trends in scientific publishing on materials science

Share of global publications on materials science, 2011, 2015 and 2019 (%)
Among countries contributing to at least 1% in 2019; data labels are for 2019
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The end of the commodities boom has, consequently,
ushered in a period of stagnant economic growth,
coupled with a drop in research intensity among the
regional heavyweights of Argentina and Mexico.

The concept of an innovation system is now widely
incorporated into STI policies. However, demand for
knowledge in the productive sector remains weak. Latin
American companies operating in more than one country
(multilatinas) are playing a greater role than previously but
are not closely connected to national innovation systems.
Multinationals with subsidiaries in the region tend to
utilize existing knowledge rather than engage in local
research.
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in 2011

Top 15 countries for growth rate in scientific publishing on materials science, 2012-2019

Among countries with at least 500 publications, arranged by volume
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More countries are developing ‘home-grown’ policies that
involve experimentation, in preference to adapting policies
designed abroad. These policies stress social innovation for
sustainable development and are increasingly integrating
local and indigenous knowledge systems.

However, policy-making remains characterized by U-turns
that prevent long-term planning. This can undermine investor
confidence and hamper innovation. Some countries are also
backtracking on broad public participation in decision-making.

Sustainability science is emerging as a regional research
focus. One example is the Colombia Bio programme, which
aims to nurture a culture of respect for biodiversity; it is
enriching the scant taxonomic record and supporting
bioprospecting to foster the development of products and
services with high added value.

Scientific output in mainstream journals has grown in all
but Cuba and Venezuela. Better postgraduate education
in some countries may be partly responsible for this trend.
The downturn in Cuban output may be linked to the
restoration of the US blockade in 2017, which has negatively
affected resources for R&D, including planned salary rises to
discourage brain drain following the lifting of restrictions on
international travel in 2012. Venezuela is experiencing severe
brain drain, with more than 3 million citizens having migrated
to Colombia, Peru, Ecuador and Brazil in 2019.

One example of active multilateral collaboration is the
Central American Integration System (SICA), which has
been building resilience to climate change. In May 2020,
SICA signed an agreement with Canada’s International
Development Research Centre for a project to strengthen
the policy-making capabilities of the national research and
innovation bodies of all member states.

At the regional level, there have also been bottom-up
initiatives in biotechnology, space science and open science,
among others.

Brazil (chapter 8) has recorded a number of achievements over
the past five years. For instance, Sirius, one of the world’s most
sophisticated synchrotron light sources, is nearing completion.

There is also a growing uptake of digital technologies in both
the government and business sectors in areas such as health,
banking and agriculture. In e-health, medical big data and Al
are being used to develop prediction models and new drugs.

The Brazilian scientific community has also mobilized
rapidly during the Zika viral outbreak over 2015-2018 and
during the Covid-19 pandemic since 2020.

Technological innovation hubs within universities have
prospered, notably with regard to patent filing, collaboration
with industry and the incubation of innovative start-ups.

Another positive development has been the rise in wind
and solar energy, biofuels and biomass from 14.7% to 19.5%
of total electricity generation between 2015 and 2018.

Brazil has one of the world’s cleanest energy matrices, with
renewables contributing to 85% of electricity generation in
2020, two-thirds of which came from hydropower.

In 2018, the government announced the end of
megahydropower projects in the Amazon, citing environmental
concerns. A series of dam failures and the growing incidence of

wildfires in the Amazon forest and Pantanal region attest to an
insufficient environmental monitoring and disaster prevention
system. In the past couple of years, some environmental
protections have been rolled back.

Several indicators are flashing a warning for the national
innovation system. Business investment overall is down, as is
the share devoted to R&D. Businesses are filing fewer patents.
In parallel, federal research agencies have recorded a sharp
drop in budget outlays. Domestic research expenditure
contracted by 16% between 2015 and 2017. The share of
industrial output in GDP and participation in foreign trade,
especially as concerns manufactured products, are also on the
decline.

In mid-2020, the government published its Strategic Plan
2020-2030, which replaced the National Strategy for Science,
Technology and Innovation 2016-2022. The latter had been
influenced by The 2030 Agenda for Sustainable Development.
Even though the new plan mentions sustainable
development as an overarching objective, the map of
indicators and related targets contains few socio-economic
and no environmental targets. An integrated approach to
innovation planning had been one of Brazil’s policy strengths.

The UK'’s departure from the European Union (chapter 9) in
January 2020 will not change the essence of the European
project, which is tending towards closer integration.

The bloc’s new growth strategy, the European Green Deal
(2020), seeks to accelerate the ‘green’ transition in all five
socio-economic systems (energy; agrifood; manufacturing;
transportation; and buildings-housing) by pointing resource
mobilization and regulatory and other reforms in the same
direction.

The aim is to reach the 2050 target for carbon neutrality
while making sure that jobs lost in one industry can be
recreated elsewhere. A Just Transition Mechanism will help
vulnerable countries weather the transition, such as in the
event of widespread job losses tied to the phasing out of a
polluting industry.

Twin engines of this transition will be smart specialization
by regions and new mission-oriented policies, implemented
within the Horizon Europe framework programme for
research and innovation (2021-2027). Another new feature
is the European Innovation Council, which has been fully
operational since 2021; its role is to fill the financing gap for
innovative start-ups and SMEs.

The European Green Deal is accompanied by an industrial
strategy adopted in March 2021 which focuses on the dual
green and digital transition, while leveraging the Single
Market to set global social and environmental standards.

A new policy framework will establish sustainability principles
for all products. The EU will also support the development

of key enabling technologies, including robotics, micro-
electronics, blockchain, quantum technologies, biomedicine,
nanotechnologies and pharmaceuticals.

According to the European Commission, only about one
in five companies are digitalized. The bloc’s digital strategy,
A Europe fit for the Digital Age (2019), enables companies of
all sizes to ‘test before they invest’in digital technologies via
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digital innovation hubs, using competitive funding provided
under Horizon 2020 and its successor, Horizon Europe. As
of February 2020, 16 countries had published national Al
strategies and another five had prepared an advanced draft.

In order to prepare the workforce for the digital economy of
tomorrow, greater emphasis will be laid on lifelong learning in
the Digital Education Action Plan 2021-2027.

Meanwhile, the new European Universities Initiative aims
to create networks of tertiary institutions to enable students
to obtain a degree by combining their studies in several EU
countries while heightening a European sense of identity.

The bloc intends to reinforce its strategic autonomy and
soft power in the coming years, including through its trade,
digital and defence policies.

For countries in Southeast Europe (chapter 10), integrating
the EU remains an overarching policy goal. There are some
positive signs: the region has surpassed its target for the
number of highly qualified persons in the workforce and
is close to achieving its target for the balance of trade and
overall employment rate.

However, economic reform has been prioritized over
STl policy-making; this has eroded research capacity and
impeded the shift towards the EU’s science-oriented
innovation model. As a result, brain drain towards EU
countries remains a chronic challenge. Within Southeast
Europe itself, the Western Balkans Regional Research and
Development Strategy for Innovation (2013) has created few
opportunities for co-operation.

Notwithstanding this, efforts have been made since 2015
to align with the European Research Area. Each country is
applying the EU’s Energy Efficiency and Renewable Energy

Directives and developing energy policies in line with the EU’s
emissions monitoring regulation (#525/2013). All five non-EU
countries in Southeast Europe have competed for research
funding within the Horizon 2020 programme.

Countries are also developing their own smart
specialization strategies, a de facto prerequisite for EU
accession. The first to complete these were Montenegro
in 2019 and Serbia in 2020. These strategies could provide
the missing link for countries struggling to integrate their
research and economic sectors; innovation systems within
the region currently tend towards the outmoded linear
model, with the region’s limited business sector activity being
reflected in low patenting levels.

There are signs that active policy instruments are reversing
this trend. Serbia and Albania have both established
innovation funds and Serbia opened its first tech parkin 2015,
followed by another two in Novi Sad and Nis in 2020.

Of the four members of the European Free Trade
Association (chapter 11), all but Liechtenstein have
participated in the EU’s Horizon 2020 research programme.
Norway and Iceland are expected to maintain their status
of ‘full association’ with its successor, Horizon Europe.
Switzerland’s own status will depend on the outcome of
ongoing negotiations with the EU on a comprehensive
institutional framework agreement.

Norway, Iceland and Switzerland have bold ambitions
to achieve carbon neutrality by 2030, 2040 and 2050,
respectively. Norway and Iceland have high carbon taxes and
are expanding the electrification of road transportation.
They are also piloting groundbreaking projects in carbon
capture and storage, one being the first industrial-sized

Figure 1.16: Share of scientific publications involving international collaboration by broad

field, 2014-2016 and 2017-2019 (%)
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project of its kind and the other having successfully stored
carbon dioxide in subsurface basaltic rocks. A significant
challenge for Norway will be to reconcile the goal of carbon
neutrality with plans to intensify oil exploration.

Iceland’s innovative Policy and Action Plan 2017-2019 evokes
Industry 4.0 and extends the concept of economic growth to
‘quality growth’ It emphasizes the role that R&D can play in
ensuring ‘quality growth’ by taking into account the potential
negative impact of technologies on future users.

Swiss firms invest about 7% of their turnover in R&D, the highest
ratio in the world. However, the bulk of these firms operate in the
pharmaceutical and chemicals sector. Should these multinational
corporations decide to take their business elsewhere, Switzerland
would lose the heart of its research enterprise. This vulnerability
has spawned policy efforts to nurture start-ups and SMEs,
including a tax reform in favour of research-intensive companies
and the opening of the Swiss Innovation Park in 2016, which
extends to companies specializing in advanced manufacturing,
smart buildings and robotics.

Swiss firms are increasingly conducting basic research and
Switzerland has performed well in obtaining grants from the
European Research Council, which is known for its pedigree in
basic research. Finding a balance between basic and mission-
oriented research remains a challenge for all four countries.

All seven Countries in the Black Sea Basin profiled

(chapter 12) - Armenia, Azerbaijan, Belarus, Georgia, the
Republic of Moldova, Turkey and Ukraine — consider the digital
economy to be a growth engine. For instance, information
technology accounts for more than 40% of Ukraine’s exports
of services. Ukraine’s Concept for the Development of a Digital
Economy and Society covering the years 2018-2020 has sought
to create a‘digital workplace

Countries in the region have launched initiatives to foster
innovation. Azerbaijan, for instance, created an Innovation
Agency in 2018 that provides venture capital to innovative
businesses, including start-ups. Belarus has been reforming the
national innovation system since 2015. More than 90 legal acts
directly or indirectly relating to R&D had been issued by 2018.
In 2016, the government consolidated its 25 innovation funds
into a single Republican Centralized Innovation Fund, which
functions as a state agency.

Notwithstanding these efforts, countries are struggling to
incentivize experimentation, dynamism and the creation of
new knowledge in the economy. In the post-Soviet countries,
restrictive oligarchic structures are limiting the rewards from
innovation.

In Turkey, structural imbalances lie elsewhere. Recent firm-
level evidence shows that Turkey’s technology-intensive firms
carry out little R&D relative to their size. This picture contrasts
sharply with the state’s strong emphasis on supporting
innovation: tax breaks for technology-intensive firms grew
three-fold in local currency between 2015 and 2018, according
to the Turkish Statistical Institute. However, firms in the services
and construction sectors, which accounted for 64% of GDP in
2018, remain largely shielded from competition and can, thus,
afford to ignore the government’s support programmes for
R&D and manufacturing-focused innovation.

All but Belarus are dovetailing with European structures
and networks. Armenia, Georgia and Ukraine became formally
associated with the EU’s Horizon 2020 programme in 2015-
2016. Ukrainian and Georgian researchers submitted their first
project proposals to the European Research Council in 2015
and 2017, respectively.

Turkey’s geothermal industry has benefited from a
favourable regulatory environment for business investment as
well as the experience gained by Turkish geothermal power
companies through their participation in the EU's Horizon 2020
programme via consortia. Between 2009 and 2019, the number
of geothermal power plants in Turkey shot up from three to 49.

In the Russian Federation (chapter 13), the economy remains
heavily reliant upon oil, gas, metals, chemicals and agricultural
products. There also remains a mismatch between supply and
demand with regard to scientific knowledge and technology.

Government intervention since 2015 has demonstrated
a willingness to tackle these structural imbalances. This is
epitomized by the 13 large-scale national projects to 2024,
with total funding of about RUB 26 trillion (ca PP$ 1 trillion)
over six years and a focus on science-industry collaboration.

Priority areas of the National Project for the Digital Economy
include quantum technologies and Al. It is complemented
by the National Strategy for the Development of Artificial
Intelligence covering the years 2020-2030.

The National Project for Science prioritizes the
development of megascience facilities and the emergence
of a‘new geography’ of Russian science, with world-class
research and education centres to be established in selected
regions. The government has also recognized the need to
promote a culture of innovation in government structures,
to be achieved through specialized training and strategic
selection procedures.

Major energy companies have signed up for the government’s
National Project for Ecology by investing in green technologies.
The use of renewables is being impeded, however, by the
centralized management of the energy sector, higher consumer
prices and the country’s cold climate. Consumption of coal and
petroleum products, as a share of the fuel and energy balance,
nevertheless, declined slightly over 2015-2018.

Confronted with a shrinking researcher pool, the
government has fulfilled its pledge to raise the renumeration
of researchers by 2018. This has helped to attract more
researchers under the age of 39 years to the profession.

The Arctic is a strategic focus not only for the Russian
Federation but also Canada, China, the EU and USA.

This makes it a hub for science diplomacy. The Agreement on
Enhancing International Arctic Scientific Cooperation (2017),
signed by the Russian Federation and seven other Arctic
States, aims to promote inclusion of local and traditional
knowledge, among other aims.

Chronic underinvestment in R&D in Central Asia (chapter 14)
- no country spent more than 0.13% of GDP on R&D in 2018 —
has spawned a range of systemic challenges that are holding
back research and innovation. These include a vocational crisis
in the research community and an exodus of skills.
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The cultural divide between the business and scientific
communities is another challenge. Disinterest in science
among the business community has translated into a lack of
demand for technology, creating a heavy burden for the state
budget. Since it communicates little with the manufacturing
sector, the scientific community itself remains detached from
the needs of the real economy.

Poor intellectual property protection and complex tax
regimes, coupled with the lack of tax rebates and loans
for enterprises, are discouraging innovation and making
innovative enterprises unattractive targets for investment and
lending.

Central Asian governments are taking steps to overcome
these obstacles. There is a desire to improve the investment
climate for businesses and to use innovation to modernize
industry. Uzbekistan has even placed innovation-based
development at the top of its political agenda.

There are a growing number of technology parks which
benefit from advantageous tax regimes. Governments are also
making an effort to improve the status of researchers through
measures such as pay rises, competitive research grants,
modern research equipment and joint research projects with
institutional partners in countries such as Belarus, China, India
and the Republic of Korea.

Scientists and engineers are enjoying more international
exposure than in the past. For example, the international
accelerator programme, Start-up Kazakhstan, is open to
participants from the Commonwealth of Independent States
and Europe.

Governments are also working with international partners
to access green finance. Faced with growing water scarcity
and ageing energy infrastructure, they are investing in
renewable energy programmes, such as through ‘solar
auctions’in Kazakhstan and Uzbekistan or the construction of
the Rogun Dam in Tajikistan. One challenge will be to balance
competing demands for innovation from the mining sector,
which forms the bedrock of Central Asian economies.

Countries are embracing the digital economy and
e-governance. The comprehensive Digital Kazakhstan
initiative spans sectors such as energy, transportation, finance,
infrastructure, mining, agriculture and education. Both the
Alatau Park of Innovative Technologies and Tech Garden
Innovative Cluster in Kazakhstan are embracing Industry 4.0
technologies.

Kyrgyzstan is targeting digital public services through
its Taza Koom (Smart Nation) programme. There is growing
interest among Kyrgyz youth in computer programming,
as reflected in recent growth in tech-oriented start-ups and
software companies.

There has been exponential growth in knowledge-based firms
and start-ups in Iran (chapter 15). This trend is the result of
heightened domestic demand, combined with the multiplication
of technology incubators and accelerators since the launch of the
country’s first public innovation centres in 2015.

By 2020, 49 innovation accelerators had been established
with private equity and 113 innovation centres had been set
up in partnership with science parks and major universities.

66 | UNESCO SCIENCE REPORT

Technology incubators, meanwhile, have been providing
graduate entrepreneurs with co-working spaces and
mentoring on campus to help them launch their own start-up.

The government has been encouraging start-ups to
diversify into knowledge-based fields. A series of laws
and policies adopted since 2015 have removed barriers to
competition and enhanced the financial support system for
innovation.

Between 2014 and 2017, exports of knowledge-based
goods grew by a factor of five, before slumping in 2018 after
the USA withdrew from the Joint Comprehensive Plan of
Action (2015), commonly referred to as the nuclear deal, and
reimposed sanctions. This move has put the economy under
considerable pressure.

However, the restoration of sanctions has also motivated
companies to use local suppliers of knowledge-based goods
and services. One targeted sector has been renewable energy
but, despite attempts to boost domestic manufacturing and
employment, renewables still contribute less than 1% of the
energy mix.

Market incentives have not sufficed to boost business
investment in R&D, which dipped from 35% to 28% of
domestic research spending between 2014 and 2016.

One imperative will be to adapt academic programmes to
the needs of the job market. Despite growth in the number
of master’s and PhD graduates, there is a high share (39%) of
unemployment among university graduates.

Home to the most start-ups per capita in the world, Israel
(chapter 16) has been dubbed the ‘start-up nation’ More than
6 000 start-ups were founded between 2011 and 2019 alone.

Israel is the most research-intense country in the world.

In 2017, foreign multinationals and research centres financed
more than half of gross domestic expenditure on research,
followed by the Israeli business sector.

One trend that should be of concern is the growing rate
of transfer of Israeli intellectual property, know-how and
technology to foreign research centres. Fewer than half of
patents obtained by inventors from Israel are owned by Israeli
companies.

Industry 4.0 is a growing priority, both in the start-up
sector and in government policy more broadly. Through the
Digital Israel initiative, the government is investing heavily
in technologies that include Al and (big) data science, smart
mobility and e-governance. The ambition is to leverage
Israeli expertise in digital technologies to accelerate growth,
improve inclusivity and strengthen governance.

Israeli universities have established educational
programmes and research centres in cutting-edge fields,
such as the Center of Knowledge in Machine Learning
and Artificial Intelligence at the Hebrew University in
Jerusalem.

This focus on innovation and technology has fed into
industrial policy. The government’s National Strategic Plan
for Advanced Manufacturing in Industry (2018) outlines a
framework for investment, skills development, infrastructure
reinforcement and greater access to knowledge, with a focus
on SMEs. Over the past ten years, a vibrant auto-tech sector



has emerged, supported by the Fuel Choices and Smart
Mobility Initiative launched in 2010. There are now
25 research centres in the automotive sector.

However, the quality and quantity of freshwater has declined
in Israel, making it imperative to adopt new approaches to
water management. Use of desalinated water is growing but
has been associated with a magnesium deficiency in human
diets and saltwater intrusion into aquifers.

The message that sustainable development is a necessity, not
a luxury, has resonated with policy-makers, who mainstreamed
the SDGs across government strategic planning in 2019.

Despite their socio-economic differences, The Arab States
(chapter 17) share common priorities. With water scarcity, soil
erosion and environmental degradation presenting serious
challenges, more governments are embracing science-based
solutions, such as indoor vertical farming, desalination and
large-scale solar plants.

Countries are investing in high-tech, sustainable urban
centres. Egypt, for instance, has outlined a set of sustainability
principles for its new cities which include a minimum threshold
for land per capita and the installation of solar panels.

Arab countries are seeking to develop their manufacturing
sector, including in high-tech fields such as aeronautics,
agricultural biotechnology and the space industry. They
remain reliant on technology imports, however, and
partnerships with leaders in space technology.

Harnessing the Fourth Industrial Revolution has become
an explicit policy priority. Saudi Arabia and the United Arab
Emirates have adopted national Al strategies and at least
Algeria, Egypt and Tunisia have plans to do the same. Morocco
has established a research programme in Al.

Gulf states were among the first in the world to launch
commercial 5G networks. Saudi Arabia has opened a Centre
for the Fourth Industrial Revolution and the UAE is integrating
blockchain into government services and transactions.

One challenge will be to ensure that education systems can
deliver an endogenous skilled workforce, including a critical
mass of technicians for Industry 4.0. There are signs that
secondary school systems are not delivering as effectively as
in neighbouring countries.

The past five years have witnessed a significant expansion
in higher education yet, despite generous public funding for
universities, the proportion allocated to R&D remains low in
most countries. Consequently, innovative technologies are
not being developed or exported by Arab countries. Even
the region’s most prosperous economies rely massively upon
the purchase of packaged technology inputs from abroad.
There even appears to have been a regression in technology
transfer in recent years. This suggests a need to prioritize
building endogenous research communities whose output is
determined by societal demand.

Evidence to inform policy is lacking in many countries
where there is no regular data collection and analysis.
Moreover, existing R&D surveys tend to exclude the business
sector, creating a policy ‘blind spot’ There were plans to
develop an Innovation Scoreboard for Arab countries but this
is yet to materialize.

Faced with increasingly capricious weather patterns that are
playing havoc with food security, countries in West Africa
(chapter 18) are developing expertise in climate science

with international support. For instance, the Economic
Community of West African States (ECOWAS) has partnered
with the German government to create the West African
Science Service Centre on Climate Change and Adapted Land
Use, which encompasses a Climate Research Programme, a
Graduate Studies Programme and observation networks.

With the African Continental Free Trade Area on the
horizon, countries are racing to restructure their economies.
The Senegalese Sovereign Fund for Strategic Investments
(FONSIS, est. 2012) uses state oil and gas revenue to invest in
capital funds targeting SMEs in priority sectors such as solar
energy, agriculture and health. One subsidiary, SOGENAS,
specializes in the production and commercialization of dairy
cows genetically modified to resist hot, dry conditions.

There is a strong market potential for plant-based products.
Félix Houphouét-Boigny University in Cote d’lvoire is
developing plant-based biopesticides, as well as low-cost
phytomedicines for the African market.

Burkina Faso (10), Ghana (36), Cote d’Ivoire (30), Nigeria
(101), Mali (11), Senegal (22) and Togo (21) host a growing
number of tech hubs but the near absence of local business
angels and seed capital remains a challenge for start-ups.

Through their digital agendas, countries such as Cabo Verde,
The Gambia, Ghana, Nigeria and Senegal are preparing for
the day when much of intra-African trade may take place on
the Internet, including through the creation of locally led data
centres.

With more than half the population below the age of 20
years, governments are investing in physical and virtual
universities to cope with growing demand for higher
education. Burkina Faso is taking inspiration from Senegal’s
model for its own virtual university.

Nine out of 15 countries now have explicit STl policies but
only five have reported recent data on research trends.

Burkina Faso's Sectoral Research and Innovation Policy
(2018-2027) has introduced what it terms ‘federative research
programmes’ with other ministries to improve programme
delivery. The Ministries of Health and Agriculture are each
leading a programme in partnership with the Ministry of Higher
Education, Scientific Research and Innovation. It also raised
research expenditure to 0.61% of GDP before a spate of terrorist
attacks in 2019 obliged it to re-allocate funds to national security.

Countries in Central and East Africa (chapter 19) are

taking advantage of more widespread telecommunications
infrastructure to introduce e-governance in a drive to improve
public services and make it easier to do business, as part of
preparations for the future African Continental Free Trade
Area. This project overlaps with efforts to reduce the cost

of telecommunications, improve the electricity supply and
develop roads, railways, airports and ports.

Ethiopia has founded the African Railway Academy to train
engineers to take over operation of the railway line built by
Chinese partners linking Addis Ababa and Djibouti, once the
Chinese withdraw in 2023.
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Strenuous efforts are being made to develop small
and large hydropower projects, solar and wind parks and
geothermal plants. The Grand Ethiopian Renaissance Dam is
nearing completion and, in Kenya, geothermal power now
reaches 35% of households.

Climate-smart agriculture, agro-ecology, biodiversity
protection, medicine and water management are the focus
of centres of excellence established in Ethiopia, Kenya and
Uganda in 2017 under a World Bank project. Innovative drug
development is the focus of one of the centres in Ethiopia,
which has hosted the Africa Centres for Disease Control and
Prevention since 2016 and plans to develop a pharmaceutical
industry.

For their part, the World Bank centres of excellence
in Rwanda (est. 2017) are focusing on energy research,
mathematics, the Internet of Things and data science. Rwanda
also hosts the East African Institute for Fundamental Research,
established in 2018 through a project with the UNESCO Abdus
Salam International Centre for Theoretical Physics; its research
and teaching focus extends to Al-related areas.

Five out of 15 countries have explicit STI policies: Burundi,
Ethiopia, Kenya, Rwanda and Uganda. Many have implicit STI
policies, such as for energy, education or the digital economy.
Examples are Rwanda'’s ICT in Education Policy (2016), the
Digital Cameroon 2020 Strategic Plan (2017), Uganda’s National
4IR Strategy (2020) and Chad’s Energy Policy (2019) stressing
the country’s potential for renewable energy.

In sub-Saharan Africa, it is Cameroon which has the greatest
volume of publications per million inhabitants on Al and
robotics, as well as on energy-related topics; its publication
intensity is even four times that of South Africa in both areas.

By 2019, there were 28 active tech hubs in Cameroon.
Other Central African countries have five or fewer hubs. Their
economies remain overdependent on oil and other raw
materials, delaying the necessary economic diversification.

In all, there were 166 active technology hubs in 12 Central
and East African countries in 2020. Four out of ten (42%) were
located in Kenya alone. Governments need to support this
vibrant start-up ecosystem, including by making it easier and
less costly for inventors to register their intellectual property
in Africa.

Although services dominate the economy in Southern Africa
(chapter 20), it is manufacturing that has been identified as a
key growth engine.

Steps have been taken towards closer integration. A
Regional Development Fund was operationalized in 2017 and
the draft Protocol on Industry would provide the Secretariat
of the Southern African Development Community (SADC)
with a legal mandate to implement regional industrial
programmes. Although a free trade area was established in
2008, not all member countries are participating in it.

Several countries are exploring e-governance to improve the
delivery of public services and make it easier to do business,
including Madagascar and Namibia. However, a lack of private-
sector competition has made digital services unaffordable
for many citizens and businesses, even as the geographical
coverage of communication infrastructure has expanded.
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South Africa is the only country with a strong patenting
record. Malawi and Namibia have taken steps to strengthen
their intellectual property regime. Legislation passed by
Eswatini in 2018 to establish an intellectual property tribunal
had not been followed by a decree of application a year later.
In 2018, ministers adopted the SADC Regional Framework
and Guidelines on Intellectual Property Rights to foster mutual
co-operation on reforming national intellectual property
regimes.

Half of countries' have published explicit STI policies
since 2010. Others have plans to develop or update their
own strategies, including the Democratic Republic of Congo,
Malawi, Lesotho, Tanzania and Zambia.

Only Mauritius, the Seychelles and South Africa have an
electrification rate above 90%. Since SADC opened a Centre
for Renewable Energy and Energy Efficiency in Namibia in
2015, the share of renewables in the region’s power supply
has risen from 24% to 39% (2018).

Through partnerships with the African Development Bank,
World Bank and others, countries are expanding the electricity
grid and off-grid solutions. The Democratic Republic of
Congo’s plans to build the massive Grand Inga dam have
raised social and environmental concerns.

Hydropower accounted for about 81% of Zambia'’s installed
generation capacity in 2019 but insufficient rainfall has made
it an unreliable resource. In 2019, the government introduced
a feed-in-tariff scheme for small-scale solar and small
hydropower projects. In 2020, it adopted a National Nuclear
Policy to help curtail reliance on hydropower.

Climate-smart agricultural practices have risen on the
policy agenda following severe episodes of drought or
flooding. Zambia's Climate-Smart Agriculture Investment
Plan (2019) predicts that climate change could diminish the
yields of key crops by 25% but, crucially, that climate-smart
agriculture could increase crop yields by 23%.

South Africa is leading the development of an African Open
Science Platform to facilitate international collaboration and
data-intensive research. The country also hosts the Square
Kilometre Array, the world’s largest telescope. It holds great
potential for stimulating scientific mobility and intra-African
scientific collaboration and applications in fields such as Al
and big data.

Countries in South Asia (chapter 21) are key beneficiaries

of loans awarded within China’s Belt and Road Initiative to
fund major upgrades to infrastructure. One flagship project
is the China—Pakistan Economic corridor, which is developing
roads, ports and coal- and oil-fired plants, among other
infrastructure.

The push for infrastructure development and
industrialization is taking place on a parallel path to research
and development. Chronic underspending on R&D means
that the region is largely a recipient of foreign scientific
expertise and technology.

Bangladesh, Nepal, Pakistan and Sri Lanka all have explicit
STl policies but a lack of adequate instruments is impeding
implementation. Owing to the modest size of public research
budgets and small research pool, there is also a risk of funds



being spread too thinly across research centres operating in a
wide range of areas.

One priority is to foster technology transfer to SMEs.

In Sri Lanka, for instance, the National Policy Framework

for the Development of SMEs (2016) is accompanied by a
national technology development fund co-financed by the
government and private sector.

The pharmaceutical industries of Bangladesh, Pakistan
and Sri Lanka hold potential but remain reliant on imports
of raw materials. In Bangladesh, the Active Pharmaceutical
Ingredients Industrial Park at Munshiganj is expected to
be operational by 2023. The park will enable companies to
produce the main chemical components of drugs themselves,
thereby lowering the cost of domestic drugs and boosting
their international competitiveness.

In Sri Lanka, pharmaceutical exports had been stagnating
since 2016 but, with the Covid-19 crisis having spurred
demand, the government and private sector invested US$ 30
million in a new pharmaceutical manufacturing plant in 2020.

Digital economies are emerging. For instance, Bhutan now
has a FabLab for developers of digital projects and Pakistan
is home to several ‘tech unicorns’ - start-ups valued at more
than USS$ 1 billion. This boom has led some governments to
make plans for ‘smart’infrastructure such as cities and schools.
One challenge will be to ensure that these plans incorporate
sustainability principles.

In 2016, the rising cost of fossil fuel imports, coupled with
declining rainfall that made hydropower an unsustainable
option, inspired Sri Lanka to launch a community-based
project (Soorya Bala Sangramaya, or Battle for Solar
Energy) that promotes small rooftop solar power plants
for households and businesses through public-private
partnerships.

In India (chapter 22), the government launched the Digital
India programme in 2015 to transform the ecosystem of
public services. Blockchain is now widely integrated within
central government.

In 2016, the government embarked on one of the boldest
economic experiments of modern times by demonetizing two
of the largest banknotes in circulation, in a push to reduce the
size of the informal economy. The government then shifted
its focus to creating a fully cashless economy. The share of
Indians with a bank account rose from 53% to 80% between
2014 and 2017. These developments have taken place against
a backdrop of sharp growth in access to Internet, which has
fuelled the digital economy, including e-commerce.

The flagship Make in India programme has sought
to promote investment in manufacturing and related
infrastructure, among other things. Although it may have
helped to improve the business environment, it has had little
tangible impact on manufacturing itself. Since Covid-19,
the manufacturing sector has been developing frugal
(low-cost) technologies, including lung ventilators.

Since 2016, the Startup India initiative has boosted the
number of start-ups but these remain concentrated in the
services sector, in general, and software development, in
particular.

Overall research intensity remains stagnant and the density
of scientists and engineers remains one of the lowest among
BRICS countries, despite having risen somewhat.

The government has reduced the tax incentive for firms
conducting R&D, which is consistent with the finding of the
previous UNESCO Science Report (2015) that the tax regime
had 'not resulted in the spread of an innovation culture
across firms and industries’ Pharmaceuticals and software
still account for the majority of patents. Although inventive
activity by Indian inventors has surged, foreign multinational
corporations remain assignees for the vast majority of patents.

The phenomenon of ‘jobless growth’ that has plagued India
since 1991 has worsened. Moreover, in 2017, the size of the
workforce contracted for the first time since independence.
Another concern is the low employability of graduates,
including those enrolled in STEM subjects, although this
indicator did improve over 2014-2019. The ambitious
National Skills Development Mission aims to train about
400 million Indians over 2015-2022.

In 2018, investment in renewable sources exceeded that in
fossil fuels. India’s efforts are considered 2°C compatible but
insufficient to meet the Paris Agreement target of 1.5°C.

The government is planning to add 46 GW of coal-fired
capacity by 2027, even though plans for other coal plants
were cancelled in 2017 after being deemed uneconomical.

Air and water pollution remain life-threatening challenges
in India. The government is striving for universal electrification
and the diffusion of electric and hybrid vehicles.

Made in China 2025 (2015) sets out to help ten strategic
industries reduce China’s (chapter 23) reliance on certain
core foreign technologies through government subsidies,
the mobilization of state-owned enterprises and pursuit
of intellectual property acquisition. These cutting-edge
manufacturing sectors include electric cars, aerospace
engineering, biomedicine and advanced robotics and Al.

By 2030, China aims to be ‘the world’s primary centre for
innovation in Al' It is already the world’s biggest owner of Al
patents but lacks top-tier talent in this field. The government
has launched megaprogrammes in science and engineering
to 2030 that include quantum computing and brain science.

High technology, technology transfer and intellectual property
protection are among sources of tension in the current trade
dispute between China and the USA. The Foreign Investment
Law (2020) sets out to make it easier to do business in China.

China’s own strategic industries desire greater government
protection of their intellectual property. The Anti-Unfair
Competition Law was amended in April 2019 and the Patent
Law in 2020 to offer better protection for trade secrets and
patent-owners’rights, respectively. China has also established
its first courts specializing in intellectual property.

The Law on Promoting the Transformation of Scientific and
Technological Achievements (1993), also known as China’s
Bayh-Dole Act, was amended in 2015 to help universities and
public research institutes transfer technology to industrial
organizations. This may encourage both central and local
governments and enterprises to invest more in basic research,
which accounted for just 6% of GERD in 2018.
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China is targeting carbon neutrality by 2060. In order to
reach its 20% target for non-fossil energy consumption by
2030, it is developing nuclear power, hydropower, wind and
solar energy. In parallel, the number of permits granted for
new coal plants has risen since 2019.

Chinese companies are being encouraged to engage in
scientific co-operation with countries partnering in the Belt
and Road Initiative. The adoption of a series of guidelines in
2017 aims to set this initiative on a‘greener’ trajectory.

Following the Covid-19 outbreak in the city of Wuhan, the
National People’s Congress adopted measures in February
2020 restricting wildlife trade and banning consumption of
bushmeat and market sales of farmed wild animals like civets.

Japan (chapter 24) is facing a fairly unique set of structural
challenges. The Japanese market is shrinking as the
population ages, leading companies to purchase enterprises
abroad to‘buy time and labour’ As a result, investment is
leaving Japan’s shores, hollowing out the country’s industrial
base. To compound matters, inward investment flows remain
low, suggesting that the business environment might be
losing its attractiveness abroad.

To address these challenges, the government adopted
Society 5.0 in 2017, a blueprint for a super-smart society. It is
the centrepiece of the country’s new growth strategy, which
envisions a transformation to a sustainable, inclusive socio-
economic system enabled by digital technologies, including
Al and robotics. For instance, autonomous vehicles and drones
could be deployed to bring key services to depopulated areas,
such as postal deliveries and care for the aged.'Smart agriculture’
is being explored to compensate for labour shortages. Al is
already being used to improve disaster readiness and response.

The rising price of electrical power in industry poses an
acute challenge. Following the Great East Japan Earthquake
in 2011, nuclear power plants suspended operations for
mandatory inspections and upgrades over 2013-2015.

To compensate, imports of oil, gas and coal have risen and
self-sufficiency has declined. The government has restarted
nuclear reactors since 2016 to bolster energy security. Plans
to build new coal power plants could compromise targets to
reduce greenhouse gas emissions. The Fukushima Prefecture,
itself, plans to be fully powered by renewables by 2040.

Government research expenditure has declined, reflecting
the tight fiscal situation. Industry was the only sector to see
arise in research expenditure over 2014-2017, with strong
growth observed in space-related expenditure as companies
embraced the ‘space business.

In 2019, the government launched a‘Moonshot’
programme to develop disruptive technologies, with a focus
on problem-solving tied to such challenges as large-scale
natural disasters, cyberterrorism and global warming. By
setting ambitious targets, the programme hopes to attract
researchers from around the world.

Universities have developed closer ties with the private
sector, as reflected in the growing number of university start-
ups over 2013-2018. This development follows efforts under
way since 2004 to reform the university system which have
led to the semi-privatization of national universities.
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These reforms have also impinged on academic
productivity by diversifying researchers’ workload. Japan
is one of the rare countries to have seen the volume of its
scientific publications decline since 2011.

In parallel, enrolment in master’s and doctoral degree
programmes has dropped, suggesting that the young may
have become disillusioned with an academic career.

The Republic of Korea (chapter 25) boasts the world’s
second-highest research intensity. Investment in research
contributed an estimated 40% of national GDP over
2013-2017.

Since 2017, the government has been pursuing innovation-
driven and income-led growth, in partial pursuit of
previous government policy." The Future Vision for Science
and Technology: towards 2040 (2010) has been revised to
emphasize quality of life, consumption based on social values
and support for SMEs.

The revised strategy contains no reference to nuclear
technology, reflecting emerging doubts over the safety of
nuclear power,' even though the Republic of Korea is a leader
for the manufacture of nuclear reactors. Hydrogen and fuel
cell technologies have received attention from the present
government, as they are perceived as a way of compensating
for the loss of nuclear energy.

The SDGs for affordable and clean energy (SDG7) and
climate action (SDG13) are proving a challenge; ambitious
targets to 2040 for renewable power generation will require
considerable infrastructural investment. One government
plan in the works is to help farmers transform degraded
farming areas into solar farms.

In line with the I-Korea 4.0 (2017) strategy for Industry 4.0,
the country has begun installing a designated network for the
Internet of Things and is commercializing 5G. The Personal
Information Protection Act (2017) was amended in January
2020 to authorize commercial use and analysis of personal
information.

One trend of some concern is the slide witnessed in
scientific and technological competitiveness since 2010, even
though research expenditure has increased.

Consequently, the government has striven to restructure
the innovation ecosystem, including through the
establishment of a National Science, Technology and
Innovation Office in 2017 to improve co-ordination of the
system. Other measures include merging administrative
online systems for research; increasing researchers’ autonomy
by enabling them to design their own projects in basic
science; evaluating research with a focus on process, rather
than outcome; and a shift towards ‘disruptive innovation’to
regain competitiveness.

Establishing greater regional autonomy has been another
policy priority. The government has created national
innovation clusters centred on regional priorities. Public
institutions and state-owned enterprises have been relocated
to the provinces to support this endeavour. The Ministry for
Small and Medium-sized Enterprises (est. 2017) is supporting
this initiative and there are plans for SMEs, more generally,
to play a greater role in national innovation.



In Southeast Asia and Oceania (chapter 26), the Regional
Comprehensive Economic Partnership signed in November
2020 has the potential to bind more closely the economies
of the Association of Southeast Asian Nations (ASEAN) with
Australia, China, Japan, the Republic of Korea and New
Zealand.

The recent publishing record suggests that stronger
bilateral ties have been forged among ASEAN scientific
communities since the ASEAN Economic Community came
into force in 2015. At the multilateral level, however, there
have been few effective initiatives since 2015 to close the
capacity gap, as ASEAN has a limited operational budget and
member states do not tend to share resources.

Research intensity has dipped in Australia and Singapore
and progressed in each of Malaysia, New Zealand, Thailand
and Viet Nam, creating greater convergence.

There is growing awareness that the digital transformation
inherent to Industry 4.0 presents a great challenge for
business, government and society at large. In the less
developed countries, the priority is to raise the technical and
managerial capability of the workforce and accelerate Internet
penetration to make the most of this ‘revolution’.

Several ASEAN countries have launched initiatives to
integrate Industry 4.0 technologies into manufacturing. For
instance, the Making Indonesia 4.0 strategy aims to ramp up
industrial performance by transitioning to high-tech, high
value-added and specialized activities. The government
introduced a 300% tax reduction on research expenditure for
firms in 2019.

Another example is Singapore’s Standards Mapping for
for Smart Industry Readiness Index, which defines good
practices with regard to reliability, interoperability, safety and
cybersecurity in areas related to Industry 4.0.

Several countries are pinning their hopes on special
economic zones to attract investment and foster innovation,
including Cambodia, Thailand and Indonesia. Thailand’s
Eastern Economic Corridor of Innovation aims to establish
linkages within the national innovation system, with the
bio-industry being one focus area.

In striving to improve the ease of doing business, all
governments will need to take care to preserve a regulatory
framework that is protective of the environment and
workforce.

Most countries have developed a strategic plan or
performance monitoring framework for the SDGs but few
have been able to provide a comprehensive report on their
progress. Although policy-makers acknowledge the need to
develop capacities in renewable energy, the transition from
fossil fuels presents a challenge.

The Pacific Island countries are among the most committed
to solar and wind energy. For them, these technologies offer
the tantalizing promise of greater energy independence and a
lesser reliance on costly fuel imports.
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ENDNOTES

See: https:/tinyurl.com/covid-health-innovation-afr

Ultimately, ZTE avoided bankruptcy after paying a consequential fine and

agreeing to allow the US government to monitor its operations.

In February 2021, 66 SMEs and mid-tier firms in traditional sectors such as

tourism, real estate, education and health care were awarded the Smart

Automation Grant as part of the government’s National Economic Recovery

Plan (Penjana) in response to the Covid-19 pandemic (see chapter 26).

Most EU member states have released national Al strategies, as have Canada,

China, India, Japan, Mauritius, the Russian Federation, Saudi Arabia, United Arab

Emirates, USA and Viet Nam. Others are in the process of elaborating their own

Al strategy, including Bangladesh, Malaysia and Tunisia.

For the Malabo Convention to enter into force, 15 African countries must ratify

it. As of May 2020, only eight had done so: Angola, Ghana, Guinea, Mauritius,

Mozambique, Namibia, Rwanda and Senegal.

In India, the majority of robots have been installed in four industries, in

descending order: automotive; chemicals, rubber and plastics; metal; and

electrical and electronics.

Bhutan is the only carbon-negative country in the world. Its Constitution

requires that‘a minimum of 60% of the country’s total land be maintained

under forest cover for all time'

See: https://en.unesco.org/sites/default/files/usr15_tracking_trends_in_

innovation_and_mobility.pdf

NASA is returning human spaceflight capabilities to the USA for the first time in

nearly a decade with the development of the next-generation Space Launch

System. The latter is now almost complete and should be far superior to the

defunct Space Shuttle (see chapter 5).

10 The Querétaro Aerospace Cluster in Mexico dates from 2012, when
multinational corporations that include Airbus, Delta and Bombardier joined
forces with local entrepreneurs, research centres and the specialized University
of Aeronautics of Querétaro to form this innovation cluster (see chapter 7).

11 Since much of this output involved international scientific collaboration, global
publishing totals will add up to more than 100%.

12 The Balik (Returning) Scientist Act (2018) builds upon the Balik Science
programme (1975). It covers the cost of repatriating voluntary Filipino STI
personnel to the Philippines. The Department of Science and Technology
hopes to woo 235 Balik Scientists over 2018-2022 (see chapter 26).

13 Angola, Botswana, Eswatini, Namibia, Seychelles, South Africa, Tanzania and
Zimbabwe

14 As explored in the previous edition of the UNESCO Science Report (2015), the
Park Guen-hye government had aimed to engender a creative economy,
through a cultural shift towards greater entrepreneurship.

15 These doubts have arisen in the wake of the Fukushima Daichi Nuclear Power

Plant disaster of 2011 in Japan (see chapter 24).
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APPENDIX

Table 1.1: Global trends in population, GDP and Internet penetration, 2015 and 2018

World

High-income

Upper middle-income
Lower middle-income
Low-income
Americas

North America

Latin America
Caribbean

Europe

European Union
Southeast Europe

European Free Trade Assoc.

Eastern Europe
Africa
Sub-Saharan Africa
Arab States in Africa
Asia

Central Asia

Arab States in Asia
West Asia

South Asia

East & Southeast Asia
Oceania

Other groupings
Least developed countries
All Arab States
OECD

G20

Org. Islamic Co-op.
Selected countries
Argentina
Australia

Brazil

Canada

China

Egypt

France

Germany

India

Indonesia

Iran

Israel

Italy

Japan

Korea, Rep.
Malaysia

Mexico

Russian Federation
Saudi Arabia
South Africa
Turkey

UK

USA

Population (millions)

2015
7371.65
1317.84
2489.47
2679.21
885.12
975.79
356.90
581.05
37.84
822.27
508.56
17.90
13.86
281.95
1180.80
953.42
227.38
4353.78
71.48
153.42
103.04
1749.36
2276.49
39.03

942.30
380.80
127510
4723.61
1734.69

43.08
23.93
204.47
36.03
1406.85
92.44
64.45
81.79
1310.15
258.38
78.49
7.98
60.58
127.99
50.82
30.27
121.86
144.99
31.72
5539
78.53
65.86
320.88

2018
7623.14
1336.22
2547.57
279232

947.04
1001.65
364.17
598.77
38.71
829.46
511.68
17.72
14.24
285.82
1274.21
1033.08
241.13
447714
75.22
162.22
107.09
1814.01
2318.60
40.72

1011.00

403.35
1296.63
4826.67
1838.15

44.36
24.90
209.47
37.07
1427.65
98.42
64.99
83.12
1352.64
267.67
81.80
8.38
60.63
127.20
51.17
31.53
126.19
145.73
33.70
57.79
8234
67.14
327.10

Share of global
population (%)
2015 2018
100.00 100.00
17.88 17.53
33.77 3342
36.34 36.63
12.01 12.42
13.24 13.14
4.84 4.78
7.88 7.85
0.51 0.51
11.15 10.88
6.90 6.71
0.24 0.23
0.19 0.19
3.82 3.75
16.02 16.71
12.93 13.55
3.08 3.16
59.06 58.73
0.97 0.99
2.08 213
1.40 1.40
2373 23.80
30.88 3042
0.53 0.53
12.78 13.26
517 5.29
17.30 17.01
64.08 63.32
23.53 24.11
0.58 0.58
0.32 0.33
2.77 2.75
0.49 0.49
19.08 18.73
1.25 1.29
0.87 0.85
1.1 1.09
17.77 17.74
3.51 3.51
1.06 1.07
0.11 0.1
0.82 0.80
1.74 1.67
0.69 0.67
041 041
1.65 1.66
1.97 1.91
0.43 0.44
0.75 0.76
1.07 1.08
0.89 0.88
435 4.29

GDP (constant 2017
PPP$ billions)
2015 2018

111572.24 | 123 921.67
58393.14 62 180.54
34635.03 39839.99
16470.51 19425.00

2073.55 2476.14
29 586.63 31384.17
2047417 21918.82
8841.44 9163.95
271.01 301.40
28 681.87 30779.74
21093.72 22 607.01
231.31 254.15
886.25 939.28
6470.59 6979.30
5612.87 6130.69
3555.34 3834.12
2057.53 2296.58
46 311.07 54 127.88
774.47 876.02
3400.25 3571.97
1535.48 1799.86
8996.76 10979.85
31604.10 36 900.18
1379.94 1499.34
2433.00 2815.98
5457.78 5868.55
55038.06 58 890.90
9142133 | 10135599
15927.97 17 885.89
103232 1012.07
1143.65 1238.54
3079.19 3057.47
1705.54 1813.03
17 403.45 21229.73
977.16 1118.72
2898.40 3051.03
4183.10 444872
7 146.03 8787.69
262249 3043.74
996.70 -
315.37 351.25
2456.24 2549.69
5044.06 5197.07
1982.96 2162.01
750.49 868.20
235043 2522.84
3743.06 3915.64
1551.67 1604.01
711.16 729.80
204298 2329.55
2924.55 3077.77
18768.63 20 105.79

Share of global GDP
(%)
2015 2018
100.00 100.00
52.34 50.18
31.04 32.15
14.76 15.68
1.86 2.00
26.52 25.33
18.35 17.69
7.92 7.39
0.24 0.24
25.71 24.84
18.91 18.24
0.21 0.21
0.79 0.76
5.80 5.63
5.03 4.95
3.19 3.09
1.84 1.85
41.51 43.68
0.69 0.71
3.05 2.88
138 1.45
8.06 8.86
2833 29.78
1.24 1.21
218 2.27
4.89 4.74
4933 47.52
81.94 81.79
14.28 14.43
0.93 0.82
1.03 1.00
2.76 2.47
1.53 1.46
15.60 17.13
0.88 0.90
2.60 2.46
3.75 3.59
6.40 7.09
235 2.46
0.89 -

0.28 0.28
2.20 2.06
4.52 4.19
1.78 1.74
0.67 0.70
211 2.04
335 3.16
1.39 1.29
0.64 0.59
1.83 1.88
2.62 248
16.82 16.22

Internet users per 100

population
2015 2019
41.68 48.40
78.87 87.99
51.57 60.38
23.45 29.06
12.83 17.53
62.44 75.32
76.11 89.41
55.69 6791
37.23 57.66
72.23 82.16
77.77 85.05
63.23 74.80
91.26 95.11
61.89 76.81
23.96 24.20
20.52 18.21
38.40 50.04
35.81 42.94
42.81 54.04
55.69 70.07
51.25 72.94
16.22 20.21
48.74 5731
65.64 69.41
13.71 17.74
45.37 58.09
76.50 85.62
47.63 54.84
30.36 38.14
68.04 74297
84.56 86.557?
58.33 70.437
90.00 91.002
50.30 54.302
37.82 57.30
78.01 83.30
87.59 88.10
17.00 20.107
21.98 47.70
4533 70.00"
7735 86.80
58.14 74397
91.06 91.28"
89.90 96.20
71.06 84.20
57.43 70.10
70.10 82.60
69.62 95.70
51.92 56.177
53.74 74.00
92.00 92.50
74.55 88.50"

Note: Eastern Europe refers to those countries that are not members of the European Union. Global and regional estimates are derived from national data without
extrapolation to other countries. OECD stands for the Organisation for Economic Co-operation and Development.

Source: World Bank’s World Development Indicators, August 2020

72 | UNESCO SCIENCE REPORT



Table 1.2: Global trends in research expenditure, 2014 and 2018

World

High-income

Upper middle-income
Lower middle-income
Low-income
Americas

North America

Latin America
Caribbean

Europe

European Union
Southeast Europe

European Free Trade
Assoc.

Eastern Europe
Africa
Sub-Saharan Africa
Arab States in Africa
Asia

Central Asia

Arab States in Asia
West Asia

South Asia

East & Southeast Asia
Oceania

Other groupings
Least developed

All Arab States
OECD

G20

Org. Islamic Co-op .
Selected countries
Argentina

Australia

Brazil

Canada

China

Egypt

France

Germany

India

Indonesia

Iran

Israel

Italy

Japan

Korea, Rep.
Malaysia

Mexico

Russian Fed.

South Africa
Turkey

UK

USA

Gross domestic expenditure
on R&D (GERD) [PPP$ billions]

2014
1482.68
1011.23

407.70

62.20
1.55
476.69
425.21
51.44
0.03
345.51
290.35
0.82
16.63

37.70
14.90
6.51
8.39
627.58
0.95
6.94
15.54
45.61
558.54
18.01

1.80
15.33
988.49
1393.89
48.73

4.28
35.56
2347

313.94

5.14
47.55
85.96
43.55

10.19
22.15
143.48
68.98
8.23
7.04
24.00
4.64
10.83
36.00
401.74

2018
1767.27
1137.40

551.59

76.56
172
531.35
483.43
47.89
0.03
390.28
330.83
1.05
18.82

39.57
17.85
734
10.51
808.05
0.81
10.17
26.05
56.49
714.52
19.75

2.03
20.69
1114.38
1647.65
69.04

403"
17.30
33.30
22.85"

439.02

6.99
48.88
99.99
54.04

6.26
11.40"
13.81
2415

144.12
86.62

5.59
22,57

5.16"
14.227
40.24

460.58"

Change (%)
19.19
12.48
35.29
23.09
10.97
11.47
13.69
-6.90

0.00
12.96
13.94
28.05
13.17

4.96
19.80
12.75
25.27
28.76
-14.74
46.54
67.63
23.85
27.93
9.66

1278
34.96
12.74
18.21
41.68

-5.84
-6.36
-2.64
39.84
35.99

2.80
16.32
24.09

3553
9.03
0.45

25.57

-20.60
-5.96
121
31.30
11.78
14.65

Share of global
GERD (%)
2014 2018
100.00 | 100.00
68.20 64.36
27.50 31.21
4.20 433
0.10 0.10
32.15 30.07
28.68 27.35
3.47 2.71
0.00 0.00
23.30 22.08
19.58 18.72
0.06 0.06
1.12 1.07
2.54 2.24
1.01 1.01
0.44 0.42
0.57 0.59
42.33 45.72
0.06 0.05
0.47 0.58
1.05 1.47
3.08 3.20
37.67 40.43
1.21 1.12
0.12 0.11
1.03 1.17
66.67 63.06
94.01 93.23
3.29 391
0.29 0.23"
= 0.98"
2.40 1.88"
1.58 1.29
21.18 24.84
0.35 0.40
3.21 277
5.80 5.66
2.94 3.06
= 0.35
- 0.64"
0.69 0.78
1.49 137
9.68 8.16
4.65 4.90
0.56 =
0.47 0.32
1.62 1.28
0.31 0.29"
0.73 0.80"
243 2.28
27.10 26.06"

GERD as share of
GDP (%)
2014 2018
1.73 1.79
231 240
1.39 1.57
0.48 0.49
0.22 0.22
2.05 2.12
2.63 2.73
0.73 0.66
0.08 0.09
1.72 1.78
1.94 2.02
0.57 0.65
2.65 2.87
0.97 0.95
0.54 0.59
0.49 0.51
0.59 0.65
1.62 1.70
0.17 0.12
0.40 0.53
0.94 137
0.64 0.60
2.03 213
1.74 1.81
0.19 0.21
0.48 0.59
236 243
1.93 1.99
0.45 0.60
0.59 0.54"
= 1.877
1.27 1.26"7
1.72 1.57
2.03 2.19
0.64 0.72
2.28 2.20
2.87 3.09
0.70 0.65
- 0.23
- 0.83"
417 4.95
1.34 1.40
3.40 3.26
4.29 4.53
1.26 -
0.44 0.31
1.07 0.99
0.77 0.83"
0.86 0.96"
1.66 1.72
272 2.84"1

GERD per capita (PPP$)
2014 2018 |Change (%)
236.16 269.52 14.13
805.72 890.75 10.55
170.74 223.81 31.08
27.94 3240 15.96
3.66 3.81 4.10
536.66 576.51 7.43
1200.02 |1327.48 10.62
96.60 86.72 -10.23
22.75 23.52 3.38
423.13 472.56 11.68
572.19 646.65 13.01
64.57 86.45 33.89
120843 |1317.70 9.04
134.43 138.96 3.37
24.93 26.82 7.58
14.36 14.49 091
57.51 67.48 17.34
159.01 196.99 23.89
14.72 11.72 -20.38
106.66 143.09 34.16
150.77 242.22 60.66
30.18 35.59 17.93
253.47 31545 24.45
496.95 514.61 3.55
3.89 4.08 4.88
72.61 91.15 25.53
779.71 859.34 10.21
299.38 343.87 14.86
45.96 59.20 28.81
100.28 91.63" -8.63
= 703.577 =
17535 160.23" -8.62
658.16 616.40 -6.34
22433 307.51 37.08
56.89 71.03 24.85
740.75 752.06 1.53
105535 |1202.88 13.98
33.62 39.95 18.83
= 23.40 =
- 141.28" -
1297.90 | 1647.67 26.95
366.62 398.30 8.64
1119.47 | 1133.01 1.21
1363.09 | 1692.64 2418
275.50 = =
58.50 44.27 -24.32
165.89 154.88 -6.64
85.12 90.55 6.38
140.19 175.26™ 25.02
550.28 599.32 8.91
1260.66 | 1408.08"' 11.69

GERD per researcher (FTE)

[PPP$ thousands]
2014 2018 |Change (%)
164.40 | 166.96 1.56
194.28 195.71 0.74
187.48 199.15 6.22
126.63 123.21 -2.70
145.21 138.34 -4.73
245.02 | 230.33 -6.00
284.19 295.60 4.01
217.39 184.61 -15.08
44.57 45.47 2.02
125.38 | 124.80 -0.46
153.86 150.40 -2.25
55.69 54.72 -1.74
22511 230.21 227
70.91 73.66 3.88
137.19 | 141.05 2.81
156.79 147.32 -6.04
78.35 92.60 18.19
159.28 | 167.32 5.05
25.83 24.44 -5.38
176.41 144.28 -18.21
71.18 93.41 31.23
144.92 140.30 -3.19
174.77 193.03 10.45
42.05 46.90 11.53
137.35 132.04 -3.87
109.07 109.09 0.02
206.90 204.27 -1.27
182.53 188.45 3.24
92.17 89.86 -2.51
83.09 76.86" -7.50
197.54 - -
144.91 150.68" 3.98
205.96 235.26 14.23
84.26 103.44 22.76
174.97 159.49 -8.85
244.26 230.80 -5.51
- 158.11 -
= 108.36 =
- 95.79" -
187.40 172.67 -7.86
210.10 212.53 1.16
199.68 212,10 6.22
134.12 = =
224.85 - -
53.94 55.62 3.1
196.96 17489 -11.21
120.76 127.057 5.21
130.16 130.19 0.02
299.78 309.94" 3.39

Note: GERD figures are in PPP$ (constant 2005 prices). Many of the underlying data are estimated by the UNESCO Institute for Statistics for developing countries, in particular.
Furthermore, in a substantial number of developing countries data do not cover all sectors of the economy.

Source: global and regional estimates based on country-level data from the UNESCO Institute for Statistics, August 2020, without extrapolation
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Table 1.3: Global trends in research personnel, 2014 and 2018

World

High-income

Upper middle-income
Lower middle-income
Low-income
Americas

North America

Latin America
Caribbean

Europe

European Union
Southeast Europe

European Free Trade
Assoc.

Eastern Europe
Africa
Sub-Saharan Africa
Arab States in Africa
Asia

Central Asia

Arab States in Asia
West Asia

South Asia

East & Southeast Asia
Oceania

Other groupings
Least developed
All Arab States
OECD

G20

Org. Islamic Co-op .
Selected countries
Argentina

Brazil

Canada

China

Egypt

France

Germany

India

Indonesia

Iran

Italy

Japan

Korea, Rep.
Malaysia

Mexico

Russian Fed.

South Africa
Turkey

UK

USA

Note: Researchers are counted in full-time equivalents (FTE). Global and regional estimates are based on the available FTE data for the countries. The share of female

Researchers (FTE, thousands)

2014

7789.79
4885.91
2256.87
633.92
13.09
1797.28
1502.09
294.49
0.70
2446.37
1772.36
16.21
7443

583.37
194.59
46.54
148.05
3326.52
29.07
29.53
68.21
336.37
2863.35
25.03

21.65
177.58
4478.64
6973.47
533.53

51.46
179.99
161.98

1524.28

61.06
271.77
351.92

118.18
682.94
345.46
6135
3132
444.87
23.57
89.66
276.58
1340.10

2018

8854.29
5333.83
276241

739.42
18.64

1918.33

1603.66
313.95
0.72

2746.56

2081.75
18.23
83.05

563.53
221.28
59.93
161.36
3941.58
27.68
40.33
126.51
415.29
333177
26.53

28.21
201.69
4987.73
7 865.54
681.62

524"
158.89"
1866.11
67.59
306.45
433.23
341.82
57.82
118.99"
139.85
678.13
408.37

405.77
29.52"
111.89"

309.07
1434.42"

Change
(%)

13.67
9.17
22.40
16.64
42.37
6.74
6.76
6.61
2,02
12.27
17.46
12.47
11.58

-3.40
13.72
28.77

8.99
18.49

-4.77
36.58
85.48
23.46
16.36

6.01

30.35
13.58
11.37
12.79
27.76

179
-1.91
2243
10.70
12.76
23.10

18.34
-0.70
18.21

-8.79
25.21
24.80
11.75

7.04

Share of global
researchers (%)
2014 2018
100.00 | 100.00
62.72 60.24
28.97 31.20
8.14 8.35
0.17 0.21
23.07 21.67
19.28 18.11
3.78 3.55
0.01 0.01
31.40 31.02
22.75 23.51
0.21 0.21
0.96 0.94
749 6.36
2.50 2.50
0.60 0.68
1.90 1.82
42.70 44.52
0.37 0.31
0.38 0.46
0.88 1.43
432 4.69
36.76 37.63
0.32 0.30
0.28 0.32
2.28 2.28
57.49 56.33
89.52 88.83
6.85 7.70
0.66 0.59"
231 -
2.08 1.80"
19.55 21.12
0.78 0.76
3.49 3.47
4.51 4.90
- 3.87
- 0.65
= 1.35"
1.52 1.58
8.76 7.67
443 4.62
0.79 -
0.40 -
571 4.59
0.30 0.33"
1.15 1.277
3.55 3.50
17.19 16.237

Females, in
head counts
(%)

2018

33.25
29.59
42.65
42.79
19.54
49.80
49.77
50.24
34.85
3378
51.21

36.59

39.04
41.82
33.48
44.87
28.43
44,90
3417
33.95
39.14
26.31

33.25

21.98
42.60
28.96
30.82
40.17

54.07"

45.6
283"
279"

458
31.2°
343"
16.6
204
48.27

39.2

449"
37.0"
3872

Researchers per million inhabitants

2014

12453
39947
955.0
275.8
33.1
2046.7
4239.1
563.7
509.2
30344
34929
1290.8
5406.9

21535
307.9
1023
837.0
845.0
609.1
354.7
826.6
219.7

12979

1978.9

49.1
681.9
36226
1504.3
499.5

1206.9

887.7
45419
1089.2

675.2
42336
4320.7

1956.4
53284
6826.3
2054.2

260.2
3075.1

432.2
1160.9
42276
42053

(FTE)
2018

1368.0
4301.1
1141.1
3122
45.1
2131.6
4432.2
592.9
5195
3372.0
4069.2
1487.2
5876.6

2053.8
326.4
1238
866.2
969.9
545.0
458.2
1494.0
262.8
1475.6
2005.6

62
736
3959
1654
609

1192.23"

4325.64"
1307.12
686.72
471532
5211.87
252.70
215.99
1474.91"
2306.77
5331.15
7980.40

278433
517.72"
1379.41°
4603.31
441244

Change
(%)

9.86
7.67
19.49
13.20
36.13
4.15
107.72
5.19
2.02
11.12
16.50
15.21
8.69

-4.63
6.01
20.97
3.49
14.79
-10.52
29.18
80.74
19.61
13.70
135

26.27
7.93
9.29
9.95

21.93

-1.22
-4.76
20.01

1.70
11.38
20.63

17.91
0.05
16.91

-9.46
19.80
18.82
8.89
4.93

researchers is based on available head count data for the most recent year between 2015 and 2018. See Table 1.1 for regional terms.

Source: global and regional estimates based on country-level data from the UNESCO Institute for Statistics, August 2020, without extrapolation
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Technicians per million

inhabitants (FTE)
2014 2018 | Change
(%)
301.7 311.3 3.18
1021.7 1047.1 249
358.1 4253 18.77
835 738 -11.62
20.1 227 12.94
33.1 45.1 36.25
1353.0 |1280.2 -5.38
531.2 556.6 4.78
273.8 268.4 -1.97
930.4 977.0 5.01
13362 | 14136 5.79
236.7 2753 16.31
2525.0 2631.7 4.23
357.1 362.8 1.60
86.0 93.3 8.49
36.4 385 5.77
202.7 214.5 5.82
130.2 133.6 2.61
104.0 754 -27.50
148.8 1493 0.34
160.1 491.5 207.00
86.0 67.7 -21.28
209.8 2241 6.82
382.4 464.6 21.50
20.6 233 13.11
185.4 193.7 4.48
926.9 976.2 5.32
405.0 406.8 0.44
94.1 140.9 49.73
318.8 398.1 24.87
969.9 - -
1353.0 1268.4" -6.25
351.6 369.6 5.12
1809.3 | 18055 -0.21
1883.2 2018.0 7.16
95.5 73.1 -23.46
16.372 347 112.88
160.6%" 496.8" | 209.34
537.0 524.3 -2.36
12282 12511 1.86
212.2 2334 9.99
115.6 140.37 21.37
496.6 437.8 -11.84
141.7 129.5" -8.61
208.3 353.7" 69.80
12555 1305.4? 3.97




Table 1.4: Global trends in scientific publications, 2015 and 2019

World
High-income
Upper middle-
income

Lower middle-
income

Low-income
Americas

North America
Latin America
Caribbean
Europe
European Union
Southeast Europe

European Free
Trade Assoc.

Eastern Europe
Africa

Sub-Saharan
Africa

Arab States in Africa
Asia

Central Asia

Arab States in Asia
East & Southeast
Asia

South Asia

West Asia
Oceania

Other groupings
Least developed
Arab States

OECD

G20

Org. Islamic Co-op .
Selected countries
Argentina
Australia

Brazil

Canada

China

Egypt

France

Germany

India

Indonesia

Iran

Israel

Italy

Japan

Korea, Rep.
Malaysia

Mexico

Russian Fed.
Saudi Arabia
South Africa
Turkey

UK

USA

Volume

2015 2019
2178625 | 2629 248
1509655 | 1654704
702587 | 1000301
174394 | 299319
13923 23799
658936 | 724263
565726 609 538
107634 | 135039
2833 3110
822170 | 918168
700849 | 752472
8125 8967
54041 61685
105579 | 152895
61236 92133
30805 47 374
30951 45 665
900 254 | 1262 260
2528 5780
32414 58153
699 375 964 627
126 301 191638
59727 82087
80984 98 304
13826 23572
58 447 95817
1439908 | 1549257
1989718 | 2381962
183243 | 300234
10982 12280
71691 87187
61006 74270
82595 94578
431654 644 655
14728 23224
101 491 101081
144201 152348
110282 | 161066
6080 37513
41292 60 562
16393 18671
91 895 103577
117 020 119 347
71719 81327
22 405 30172
18321 23508
60 156 96 394
17 681 25205
14706 21062
36308 43245
141834 160 174
502105 | 538259

Change (%)

2015-2019
20.68
9.61
42.37

71.63

70.93
9.91
7.74

25.46
9.78

11.68
737

10.36

14.14

44.82
50.46
53.79

47.54
40.21
128.64
79.41
37.93

5173
37.44
21.39

70.49
63.94

7.59
19.71
63.84

11.82
21.61
21.74
14.51
49.35
57.69
-0.40
5.65
46.05
516.99
46.67
13.90
1271
1.99
13.40
34.67
28.31
60.24
42.55
43.22
19.11
12.93
7.20

Global share

(%)
2015 | 2019
100.00 | 100.00
69.29 | 6293
3225 | 38.05
8.00 | 11.38
0.64 0.91
30.25| 27.55
2597 | 2318
4.94 5.14
0.13 0.12
37.74| 34.92
3217 | 2862
0.37 0.34
248 235
4.85 5.82
2.81 3.50
141 1.80
1.42 1.74
41.32| 48.01
0.12 0.22
1.49 2.21
32.10 | 36.69
5.80 7.29
2.74 3.12
3.72 3.74
0.63 0.90
2.68 3.64
66.09 | 58.92
91.33 | 90.59
841 | 1142
0.50 0.47
3.29 332
2.80 2.82
3.79 3.60
19.81 | 24.52
0.68 0.88
4.66 3.84
6.62 5.79
5.06 6.13
0.28 1.43
1.90 2.30
0.75 0.71
4.22 3.94
537 4.54
3.29 3.09
1.03 1.15
0.84 0.89
2.76 3.67
0.81 0.96
0.68 0.80
1.67 1.64
6.51 6.09
23.05| 2047

Publications per
million inhabitants

2015 2019
295.24 340.90
113912 | 122693
282.22 389.91
65.09 105.76
15.73 24.58
672.69 714.78
156856 | 164832
185.24 223.39
74.87 79.78
995.42 |1099.43
136820 | 145736
453.84 507.60
389785 | 429942
374.47 533.12
51.86 70.53
3231 44.67
136.12 185.84
206.78 279.46
3537 75.62
211.28 352.07
307.22 413.75
72.20 104.42
579.63 757.01
2074.98 |2381.70
14.67 2278
153.49 233.19
112270 | 118248
420.57 489.53
105.63 160.31
254.95 274.23
299555 | 3459.36
298.36 351.91
229261 |2528.08
306.82 449.62
159.32 231.34
1510.19 | 1486.96
1763.12 | 1824.15
84.17 117.87
23.53 138.62
526.06 730.42
205465 |2191.59
1516.96 |1710.60
914.32 940.78
141115 | 1587.63
740.15 944.36
15035 184.27
414.91 660.81
557.45 735,51
265.52 359.68
462.35 518.34
2137.31 | 2353.92
1546.66 | 1619.40

Publications
with
international
co-authors
(%)
2015
21.69
30.40
24.89

2019
23.48
35.46
27.41

29.11 | 29.63

72.13
34.99
36.52
36.75
59.20
3735
41.01

43.47
66.28

69.96
39.44
41.29
40.82
71.16
41.14
46.54
52.68
69.91

2533
53.95
58.89

24.54
55.40
60.52

49.81
22.61
60.96
70.77
22.03

50.98
24.43
61.28
62.15
2417

2145
30.15
53.55

24.46
34.89
61.61

72.90
57.21
30.49
2333
36.35

71.30
53.66
35.72
25.31
36.80

46.60
53.94
30.75
51.84
20.23
52.17
54.50
50.56
17.67
40.10
20.60
51.96
46.34
26.27
26.89
39.01
40.28
27.17
76.22
54.13
21.16
57.58
36.40

50.47
62.23
35.21
57.94
22.98
5333
60.34
54.79
18.88
17.03
28.17
54.26
50.27
31.24
29.33
43.84
44,95
23.73
75.84
57.42
25.12
64.49
4091

Cross-cutting strategic technologies

Volume
2015 2019
351447 | 467 883
212582 | 244026
140207 | 208 580
33977 | 758%

1014 2739
77773 | 87323
66316 71063
12516 17534

237 301
117410 | 140 646
99892 | 108910

1160 1156

6055 6811
15432 | 30547

8966 | 14537

3112 5916

5910 8704

184247 | 281245
536 1456
6923 | 12443
147103 | 211303
24939 | 52818

8687 11431

9298 | 11924

1081 2881
11944 19 840

195786 | 215660
316697 | 419013
33640 | 59098
897 1071

8366 | 10736

6699 8596

9533 10699
98669 | 149832

2402 3787
14016 12788
19974 | 20814
22725 | 47333

1811 9195

6629 9091

1852 1949
12500 13718
17 564 18129
12992 15793

7428 9912

2662 3414

9558 20 666

3672 4994

1622 2623

3876 5927
16960 | 19316
58082 | 61890

Change
(%)
2015-2019
33.13
14.79
48.77

12337

170.12
12.28
7.16
40.09
27.00
19.79
9.03
-0.34
1249

97.95
62.13
90.10

47.28
52.65
171.64
79.73
43.64

111.79
31.59
28.24

166.51
66.11
10.15
3231
75.68

19.40
2833
2832
12.23
51.85
57.66
-8.76
421
108.29
407.73
37.14
5.24
9.74
3.22
21.56
33.44
28.25
116.22
36.00
61.71
52.92
13.89
6.56

Global share

2015
100.00

60.49

39.89

9.67

0.29
22.13
18.87
3.56
0.07
33.41
28.42
0.33
172

4.39
2.55
0.89

1.68
52.43
0.15
1.97
41.86

7.10
247
2.65

0.31
3.40
55.71
90.11
9.57

0.26
2.38
191
271
28.08
0.68
3.99
5.68
6.47
0.52
1.89
0.53
3.56
5.00
3.70
2.1
0.76
2.72
1.04
0.46
1.10
4.83
16.53

Note: The sum of the regional values exceeds the world number because papers with multiple authors from different regions are counted for each of these regions.

Source: Scopus (Elsevier), excluding Arts, Humanities and Social sciences; data treatment by Science-Metrix
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(%)

2019
100.00
52.16
44.58

16.22

0.59
18.66
15.19

375

0.06
30.06
23.28

0.25

1.46

6.53
3.1
1.26

1.86
60.11
0.31
2.66
45.16

11.29
244
2.55

0.62
4.24
46.09
89.56
12.63

0.23
2.29
1.84
2.29
32.02
0.81
273
4.45
10.12
1.97
1.94
0.42
293
3.87
3.38
2.12
0.73
4.42
1.07
0.56
1.27
413
13.23
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Table 1.5: Global trends in scientific publications on selected cross-cutting strategic
technologies, 2015 and 2019

World

High-income

Upper middle-income
Lower middle-income
Low-income
Americas

North America

Latin America
Caribbean

Europe

European Union
Southeast Europe

European Free Trade Assoc.

Eastern Europe
Africa
Sub-Saharan Africa
Arab States in Africa
Asia

Central Asia

Arab States in Asia
Southeast Asia
South Asia

West Asia
Oceania

Other groupings
Least developed countries
All Arab States
OECD

G20

Org. Islamic Co-op.
Selected countries
Argentina
Australia

Brazil

Canada

China

Egypt

France

Germany

India

Indonesia

Iran

Israel

Italy

Japan

Korea, Rep.
Malaysia

Mexico

Russian Fed.
Saudi Arabia
South Africa
Turkey

UK

USA

Note: The sum of the numbers for the various regions exceeds the total number because papers with multiple authors from different regions are counted for each of

Al & robotics

2015 2019
102 347 | 147 806
65 365 74661
33075 50340
13052 37389
280 1037
20633 | 24969
16628 18727
4211 6524
92 144
40993 | 47402
36 554 37207
382 336
1851 2034
3624 9658
3207 4752
823 1539
2389 3225
46913 | 84072
142 569
1908 3936
33662 50330
9956 29049
2173 2402
2918 3469
325 1126
4091 6868
60878 66911
91303 | 128003
9685 20149
218 250
2520 3003
2037 2640
2792 3217
20414 29766
610 837
5215 4536
6712 6726
9276 26779
822 3229
1357 1613
745 638
4380 4773
4891 5917
2426 3029
1685 4404
969 1228
1986 5704
927 1265
511 701
1094 2073
5700 6192
14149 15893

Biotechnology

2015
16707
9869
6531
2283
79
3934
2876
1122
36
4883
4284
79
191
528
551
221
334
9285
15
286
6854
1896
473
368

82
558
939%
15220
1759

116
325
684
413
3891
166
512
827
1770
57
406
59
496
973
1304
357
204
254
192
85
247
472
2526

2019
18714
939%
9333
2937
120
4161
2603
1651
20
4984
4246
86
215
666
844
383
467
11355
n
458
8491
2179
657
412

132
833
9105
16 808
2604

120
342
1032
431
5608
302
461
776
1918
138
590
56
436
953
1108
446
324
273
195
145
355
578
2231

Volume
Energy Materials

2015 2019 2015 2019
86771 | 108129 63 705 93033
49997 | 57245 | 31625 | 40729
36903 53560 32529 48484
7890 12701 6097 15194
249 607 89 284
19674 | 21445 9471 | 10588
16 859 17434 7623 8088
3152 4394 1974 2661
53 60 26 44
26524 | 31950 | 19124 | 28125
21637 25662 14797 17913
325 313 201 302
1635 1837 680 804
4004 5586 4423 10 466
2710 4443 1185 2451
1169 2018 334 965
1563 2450 862 1505
45754 | 64150 | 39692 | 60953
194 317 102 304
2466 4125 883 2050
36498 50194 33248 49993
5045 7976 4599 7961
2579 3744 1667 2250
2198 3066 1328 1671
289 630 95 295
3785 6187 1581 3219
45852 | 51576 | 28260 | 32085
76010 96 361 58375 84400
11790 15537 5659 13942
205 336 162 179
2077 2840 1202 1541
1641 2181 1331 1654
2752 2937 111 1227
24352 | 38521 24863 | 35942
760 1247 404 784
2755 2667 2031 1900
3950 4305 3262 3441
4562 6609 4152 7257
670 1098 166 4264
2366 3463 1514 1952
165 196 122 216
3429 3683 1242 1651
3778 3293 3481 3295
2900 3786 2510 3009
3550 1821 1137 2598
605 761 362 505
2527 3259 2949 8357
1075 1662 519 849
529 959 214 41
943 1544 929 1242
3903 4947 2166 2458
14435 14 862 6636 7001

Nanoscience &

nanotech

2015 2019
31226 | 46121
21104 27979
13290 24657
2035 3588
33 103
8457 | 11053
8075 10514
478 670
6 6
8181 | 11040
7355 9717
41 37
589 861
767 1280
400 604
91 168
3N 441
19968 | 32818
6 80
719 1008
17598 28957
1566 2875
612 927
1078 1809
32 111
886 1340
18834 24 861
28953 43399
1740 2767
59 64
1045 1743
256 293
794 1143
11554 22270
236 279
1170 1350
1949 2684
1433 2550
16 86
369 548
236 361
953 1128
1841 2225
2630 3452
258 307
120 218
455 903
584 639
72 84
181 240
1488 2072
7419 9614

Opto-electronics

2015
29517
18 560
11813
1293
31
7623
6901
800
4
9781
8244
37
382
1580
310
61
254
14800
62
283
13139

648
466

33
498
16979
27521
1426

32
432
405
780

9559
132
1374
1995
717

42
312
308
959

1847
645
236
234

1161
159

40
224

1410

6251

2019
26651
15330
11872
1816
67
5964
5354
655
5
8299
6178
30
334
2283

125
330

14 896
149
294
13030
1118
565
308

67
577
13274
25161
1585

20
286
341
630

10010

945
1507
969
182
314
215
664
1603
592
138
213
1898
146
93
159
950
4841

these regions.The six cross-cutting technologies featured here were followed by bioinformatics, Internet of Things, strategic, defence and security studies and blockchain
technology. See Table 1.1 for regional terms.
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Global share (%)

Nanoscience &
Al & robotics Biotechnology Energy Materials nanotech Opto-electronics

2015 2019 2015 2019 2015 2019 2015 2019 2015 2019 2015 2019

World 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
High-income 63.87 50.51 59.07 50.20 57.62 52.94 49.64 43.78 67.58 60.66 62.88 57.52
Upper middle-income 3232 34.06 39.09 49.87 42.53 49.53 51.06 52.11 42.56 53.46 40.02 44.55

Lower middle-income 12.75 2530 13.66 15.69 9.09 11.75 9.57 16.33 6.52 7.78 4.38 6.81

Low-income 0.27 0.70 0.47 0.64 0.29 0.56 0.14 0.31 0.11 0.22 0.11 0.25

Americas 20.16 16.89 23.55 22.23 22.67 19.83 14.87 11.38 27.08 23.97 25.83 22.38
North America 16.25 12.67 17.21 13.91 19.43 16.12 11.97 8.69 25.86 22.80 2338 20.09

Latin America 4.11 4.41 6.72 8.82 3.63 4.06 3.10 2.86 1.53 1.45 2.71 2.46

Caribbean 0.09 0.10 0.22 0.11 0.06 0.06 0.04 0.05 0.02 0.01 0.01 0.02

Europe 40.05 32.07 29.23 26.63 30.57 29.55 30.02 30.23 26.20 23.94 33.14 31.14
European Union 35.72 25.17 25.64 22.69 24.94 23.73 23.23 19.25 23.55 21.07 27.93 23.18

Southeast Europe 0.37 0.23 0.47 0.46 0.37 0.29 0.32 0.32 0.13 0.08 0.13 0.11

European Free Trade Assoc. 1.81 1.38 1.14 1.15 1.88 1.70 1.07 0.86 1.89 1.87 1.29 1.25

Eastern Europe 3.54 6.53 3.16 3.56 4.61 5.17 6.94 11.25 2.46 2.78 5.35 8.57

Africa 3.13 3.22 3.30 4.51 3.12 4.11 1.86 2.63 1.28 1.31 1.05 1.67
Sub-Saharan Africa 0.80 1.04 132 2.05 135 1.87 0.52 1.04 0.29 0.36 0.21 0.47

Arab States in Africa 233 2.18 2.00 250 1.80 227 135 1.62 1.00 0.96 0.86 1.24

Asia 45.84 56.88 55.58 60.68 52.73 59.33 62.31 65.52 63.95 71.16 50.14 55.89
Central Asia 0.14 0.38 0.09 0.06 0.22 0.29 0.16 0.33 0.02 0.17 0.21 0.56

Arab States in Asia 1.86 2.66 1.71 245 2.84 3.81 139 220 230 2.19 0.96 1.10

Southeast Asia 32.89 34.05 41.02 45.37 42.06 46.42 52.19 53.74 56.36 62.78 44.51 48.89

South Asia 9.73 19.65 11.35 11.64 5.81 7.38 7.22 8.56 5.02 6.23 2.84 4.19

West Asia 212 1.63 2.83 3.51 297 346 2.62 242 1.96 2.01 2.20 212

Oceania 2.85 235 2.20 2.20 2.53 2.84 2.08 1.80 3.45 3.92 1.58 1.16
Other groupings

Least developed countries 0.32 0.76 0.49 0.71 0.33 0.58 0.15 0.32 0.10 0.24 0.1 0.25

All Arab States 4.00 4.65 334 4.45 4.36 572 248 3.46 2.84 291 1.69 2.17

OECD 59.48 45.27 56.24 48.65 52.84 47.70 4436 34.49 60.32 53.90 57.52 49.81

G20 89.21 86.60 91.10 89.82 87.60 89.12 91.63 90.72 92.72 94.10 93.24 94.41

Org. Islamic Co-op. 9.46 13.63 10.53 13.91 13.59 14.37 8.88 14.99 5.57 6.00 4.83 5.95
Selected countries

Argentina 0.21 0.17 0.69 0.64 0.24 0.31 0.25 0.19 0.19 0.14 0.1 0.08
Australia 2.46 2.03 1.95 1.83 2.39 2.63 1.89 1.66 335 3.78 1.46 1.07
Brazil 1.99 1.79 4.09 551 1.89 2.02 2.09 1.78 0.82 0.64 137 1.28
Canada 2.73 2.18 2.47 2.30 3.17 2.72 1.74 1.32 2.54 248 2.64 2.36
China 19.95 20.14 23.29 29.97 28.06 35.63 39.03 38.63 37.00 48.29 3238 37.56
Egypt 0.60 0.57 0.99 1.61 0.88 1.15 0.63 0.84 0.76 0.60 0.45 0.75
France 5.10 3.07 3.06 2.46 3.18 247 3.19 2.04 3.75 293 4.65 3.55
Germany 6.56 4.55 4.95 415 4.55 3.98 5.12 3.70 6.24 5.82 6.76 5.65
India 9.06 18.12 10.59 10.25 5.26 6.11 6.52 7.80 4.59 5.53 243 3.64
Indonesia 0.80 2.18 0.34 0.74 0.77 1.02 0.26 4.58 0.05 0.19 0.14 0.68
Iran 133 1.09 243 3.15 273 3.20 238 2.10 1.18 1.19 1.06 1.18
Israel 0.73 0.43 0.35 0.30 0.19 0.18 0.19 0.23 0.76 0.78 1.04 0.81
Italy 4.28 3.23 2.97 233 3.95 341 1.95 1.77 3.05 245 3.25 249
Japan 4.78 4.00 5.82 5.09 435 3.05 5.46 3.54 5.90 4.82 6.26 6.01

Korea, Rep. 237 2.05 7.81 5.92 334 3.50 3.94 3.23 8.42 7.48 2.19 2.22
Malaysia 1.65 298 2.14 2.38 4.09 1.68 1.78 2.79 0.83 0.67 0.80 0.52
Mexico 0.95 0.83 1.22 173 0.70 0.70 0.57 0.54 0.38 0.47 0.79 0.80
Russian Fed. 1.94 3.86 1.52 1.46 291 3.01 4.63 8.98 1.46 1.96 3.93 7.2
Saudi Arabia 0.91 0.86 1.15 1.04 1.24 1.54 0.81 0.91 1.87 1.39 0.54 0.55
South Africa 0.50 0.47 0.51 0.77 0.61 0.89 0.34 0.47 0.23 0.18 0.14 0.35
Turkey 1.07 1.40 1.48 1.90 1.09 1.43 1.46 1.34 0.58 0.52 0.76 0.60
UK 5.57 4.19 2.83 3.09 4.50 4.58 3.40 2.64 4.77 4.49 4.78 3.56
USA 13.82 10.75 15.12 11.92 16.64 13.74 10.42 7.53 23.76 20.85 21.18 18.16

Source: Scopus (Elsevier), excluding Arts, Humanities and Social sciences; data treatment by Science-Metrix
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The Rwanda E-Waste Recycling Facility opened in 2017, the second-largest in Africa. The Rwanda Green Fund (FONERWA) has
invested close to US$ 1 million in the facility, which can process more than 7 000 tonnes of electrical and electronic waste each
year. Three million tonnes of e-waste were generated in Africa in 2019 but only 0.9% was collected and recycled.
© Rwanda Green Fund, CC BY-ND 2.0
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2 - Are we using science for smarter development?

Tiffany Straza and Susan Schneegans

INTRODUCTION

Tracking research related to the SDGs

In 2015, Brazilian health care workers began noticing a
growing number of babies born with abnormally small
heads, or microcephaly, a condition that would affect their
brain development. Scientists at the Federal University

of Pernambuco in Recife were the first to link a rise in the
incidence of newborns displaying microcephaly with an
outbreak of Zika, transmitted to their mothers by mosquitoes.

This discovery has transformed our understanding of the
Zika virus, which had previously been considered relatively
benign. The virus has been recorded in Asia, Africa, the
Pacific and the Americas, where it has travelled as far north
as the USA.

The outbreak in Brazil became an epidemic. By the time
it ended in 2018, largely thanks to the control of mosquito
populations and human behavioural changes,' Zika had
spread to over 50 countries and territories in the Americas.

It is expected to circulate among mosquitoes and humans for
the foreseeable future (Lowe et al., 2018).

A study conducted by the Sado Paulo Research Foundation
(FAPESP) found that, as of April 2018, Brazil was second only
to the USA for the volume of scientific publications on Zika,
accounting for 15% of the global total (see Box 8.6). This
means that Brazil had fresh experience of tackling a viral
disease epidemic when the Covid-19 crisis struck in 2020.

Brazil’s response to the Zika outbreak was not dictated by
scientific advice and experience alone, of course. As with any
country, it was also influenced by socio-economic, cultural
and political factors that direct our human response to any
challenge.

In 2015, Brazilian scientists authored 144 publications on
the broader topic of new or re-emerging viruses than can
infect humans.? By 2019, the Zika outbreak had pushed this
number up to 479 and Brazilian researchers were contributing
to 4% of global output in this broad field. Other countries had
also seen a surge in scientific publishing on this topic during
outbreaks of the Influenza A subtype H1N1 and Ebola viruses
(Box 2.1 and Figure 2.1).

This broad research topic is one of 56 studied in the present
report that have been chosen by UNESCO for their linkages to
eight of the United Nations’ Sustainable Development Goals
(SDGs) to 2030, namely zero hunger (SDG2), good health
and well-being (SDG3), clean water and sanitation (SDG6),
affordable and clean energy (SDG?7), industry, innovation
and infrastructure (SDG9), climate action (SDG13), life below
water (SDG14) and life on land (SDG15). Between six and nine
research topics were analysed for each of these eight goals.

The UNESCO study analysed scientific publishing trends in
almost 200 countries between 2011 and 2019, to see which

topics were being prioritized and to track change over this
period (for details, see Annex 4). The aim of the study was
three-fold:

to assess the volume of scientific articles published by
each country in the world between 2011 and 2019 on
56 key topics of relevance to the SDGs;

to identify the degree of specialization in each topic, by
assessing the number of publications produced in a given
country over the 2011-2019 period as a proportion of that
country'’s total scientific output, in comparison with the
global average for the given topic; and

to identify the growth rate of each topic, in order

to monitor change at the national level in the priority
accorded to each of these topics since the adoption of
The 2030 Agenda for Sustainable Development by the

193 member states of the United Nations in 2015. To avoid
annual fluctuations, the study compared scientific output
between two periods: 2012-2015 and 2016-2019.

To our knowledge, the present study is the first global
assessment of scientific publishing across topics related to
the SDGs reported for each country. In the following pages,
we describe the most striking trends. The complete datasets,
country factsheets and related data visualization for each
topic and the linkages between them are freely available from
the UNESCO Science Report web portal.

The volume of output varies among fields

Worldwide, the great majority of scientific publications tend
to focus on health research. This is the case for developing
countries like Ghana (49%) but also for some of the most
developed ones like the USA (48%). Notable exceptions are
China (19%) and the Russian Federation (17%), which have
specialized up to now in physical sciences. The health-related
topics selected for the present study follow this broader
pattern, topping the chart by volume (Figure 2.2).

The study of selected SDG-related research topics blended
well-established topics and comparably newer ones
characterized, logically, by lower output. For instance, in
health research (SDG3), the study analysed the traditional
topics of reproductive health and neonatology, tuberculosis
and the human immunodeficiency virus (HIV) but also
relatively new topics like precision medicine and human
resistance to antibiotics. In the field of ocean research
(SDG14), it analysed trends in the comparably new fields of
ocean acidification and floating plastic debris in the ocean, as
well as the more traditional topic of coastal eutrophication.

Owing to differences in the scope and history of the
selected topics, it is more meaningful to look for signs of
investment in a given topic by focusing on growth and
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Box 2.1: Research on new or re-emerging viruses has surged during epidemics

With the year 2020 having been
dominated by the Covid-19 pandemic,
one might expect there to be a
voluminous research record on new
or re-emerging viruses that can infect
humans. There is not. There were just
7 471 publications on this topic in
2019, 35% of which were produced
by scientists in the USA alone

(Figure 2.1). Global output on this
broad topic progressed by just 2% per
year between 2011 and 2019, slower
than global scientific publications
overall: 3.8% per year.

Growth was much faster in
individual countries which had to
marshal science to cope with other
viral outbreaks over this period
(Figure 2.1). The 2014-2015 Ebola
outbreak in Liberia and neighbouring
Guinea and Sierra Leone stamped
its mark on these countries’scientific

output, as did repeated Ebola outbreaks
in the Democratic Republic of Congo.
For instance, Liberia's publications on
new or re-emerging viruses that can
infect humans quadrupled from 33
(2012-2015) to 133 (2016-2019), an
intensity 144 times the global average
(see chapter 18). Liberia, Sierra Leone
and Guinea all had the strongest
specialization in the world on emerging
viruses over the 2011-2019 period. Much
of this output involved international
collaboration, which accounted for 70%
of scientific publications in low-income
countries.

USA, Brazil and France have the
highest specialization

Among the top 10 countries for the
volume of output on new or re-emerging
viruses that can infect humans, the
strongest specialization was found in the

USA, Brazil and France. In January 2021,
the French government announced
the launch of the world's first research
institution specializing in this field (see
essay, p. 9).

Those countries which showed the
fastest growth rates were Brazil and
India (Figure 2.1). Brazilian output
on viral research surged from 643
(2012-2015) to 1 605 (2016-2019)
publications, 1.4 times the global
average intensity. It was able to draw
on its existing specialization in tropical
communicable diseases (four times the
global average intensity) in tackling
the Zika outbreak in Brazil between
2015 and 2018, which also affected
Colombia and the USA, among other
countries.

The strong growth in research
on this topic in low- and middle-
income countries shows the value of

Figure 2.1: Scientific publications on new or re-emerging viruses that can infect humans

Global trend in volume of publications on new or re-emerging viruses that can infect humans, 2011-2019

2011 2012 2013

2014 2015 2016

2017 2018 2019

Top 10 countries for volume of scientific publications on new or re-emerging viruses that can infect humans, 2011-2019

Volume Growth rate Specialization index World share (%)
2011-2019 2012-2019 2011-2019 2011-2019

USA 20 965 1.24 1.46 35.1

China 7776 1.23 0.59 13.0
UK 4807 1.28 1.08 8.1
France 3813 1.24 1.30 6.4
Germany 3796 1.24 0.88 6.4
Japan 3635 0.92 1.05 6.1
Canada 2614 1.15 1.06 4.4
Australia 2454 1.13 1.22 4.1
Brazil 2381 2.50 137 4.0
India 2210 135 0.66 37
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international scientific collaboration in
tackling pandemics (Figure 2.5). This
high level of scientific collaboration
augurs well for the fight against
Covid-19.

Prevention is better than a cure
The current focus in tackling new

or re-emerging viruses tends to be
reactive, rather than proactive. A
workshop report published in October
2020 by the Intergovernmental
Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES), which
is co-sponsored by UNESCO and

three other United Nations agencies,*
observes that the majority (70%) of
emerging diseases such as Ebola and
Zika and almost all known pandemics
(e.g.influenza, HIV/AIDS and Covid-19),
are zoonoses, meaning that they are
caused by microbes of animal origin.

Top 10 countries for growth in scientific publishing on new or re-emerging viruses, 2011-2019

For countries with at least 100 publications

133 O

These microbes ‘spill over’ when humans,
wildlife and livestock come into contact
with one another, such as through
agricultural expansion, deforestation or
wildlife trade.

The IPBES report estimates that
there are another 1.7 million currently
‘undiscovered' viruses in mammals and
birds, up to half of which could have
the ability to infect people. It predicts
that future pandemics will emerge more
often, spread more rapidly, do more
damage to the global economy and kill
more people than Covid-19, unless there
is a transformative change in the global
approach to dealing with infectious
diseases.

For Dr Peter Daszak, President of the
EcoHealth Alliance and IPBES workshop
chair,'we still rely on attempts to contain
and control diseases after they emerge,
through vaccines and therapeutics.

144

CHANGE OF SCALE

We can escape the era of pandemics
but this requires a much greater focus
on prevention, in addition to reaction!
As the report recalls, the risk of a
pandemic can be significantly lowered
by reducing the human activities
that drive the loss of biodiversity,
such as agricultural expansion and
intensification, the unsustainable
exploitation of biodiversity-rich regions
and unsustainable production and
consumption patterns.

Source: compiled by Susan Schneegans and
Tiffany Straza; IPBES (2020) Workshop Report on
Biodiversity and Pandemics, October,

see: https://ipbes.net/sites/default/files/2020-12/
IPBES%20Workshop%200on%20Biodiversity%20
and%20Pandemics%20Report_0.pdf

*United Nations Development Programme, United

Nations Environment Programme and United
Nations'Food and Agricultural Organization

479 Brazil

69 Colombia

54 Pakistan
51 Sierra Leone

51 Congo, Dem. Rep.

38 Guinea
33 Lebanon
28 Liberia
22 Cameroon
16
10
5 11 United Arab
g Emirates
1
0
2011 2012 2013 2014 2015 2016 2017 2018 2019

Note: These data exclude HIV, the subject of a separate research topic, and SARS-CoV-2 (Covid-19) which was unknown in 2019. The growth rate is calculated as the
number of publications from 2016-2019 divided by the number of publications from 2012-2015. The degree of specialization is calculated by assessing the number of
publications produced by a given country over the 2011-2019 period as a proportion of that country’s total scientific output. This level of specialization is then compared
with the global average to give the specialization index. For details, see Annex 4.

Source: Scopus (Elsevier), including Arts, Humanities and Social Sciences; data treatment by Science-Metrix
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Share of total publications is given within brackets (%)

Reproductive health & neonatology

Sustainable use of terrestrial ecosystems
Regenerative medicine

Status of terrestrial biodiversity

Type 2 diabetes

Human immunodeficiency virus (HIV)
Photovoltaics

Tropical communicable diseases

Greater battery efficiency

Biofuels & biomass

Smart-grid technologies

Sustainable transportation

Wind turbine technologies

Hydrogen energy

New or re-emerging viruses that can infect humans
Medicines & vaccines for tuberculosis

Wastewater treatment, recycling & re-use

Impact on health of soil, freshwater & air pollution
Human resistance to antibiotics

Desalination

Hydropower

Sustainably manage fisheries & aquaculture

Tackle invasive alien species

Eco-industrial waste management*

Nuclear fusion

Agro-ecology

Eco-construction materials

National integrated water resources management
Carbon capture & storage

Cleaner fossil fuel technology

Traditional knowledge

Radioactive waste management

Sustainable withdrawal & supply of freshwater
Pest-resistant crops

Geothermal energy

Coastal eutrophication
Precision agriculture
Maintain genetic diversity of food crops

Carbon pricing
Eco-alternatives to plastics
Socio-ecological impact of terrestrial protected areas
Climate-ready crops
Help for smallholder food producers

Water harvesting

Ocean acidification

Local impact of climate-related hazards & disasters
National & urban greenhouse-gas emissions
Floating plastic debris in the ocean

Sustainably manage marine tourism
Ecosystem-based approaches in marine environments**
Minimize poaching & trafficking of protected species
Extent of water-related ecosystems
Ecosystem-based approaches in protected areas on land
Local disaster risk reduction strategies
Transboundary water resources

New tech to protect from climate-related hazards

Figure 2.2: Volume of global publications on selected topics related to the SDGs, 2012-2019

303873(1.52)
214 341 (1.07)
206 882 (1.04)
160 284 (0.80)
142561 (0.71)
125512 (0.63)

105 463 (0.53)
100 553 (0.50)

95 164 (0.48)

89457 (0.45)
75008 (0.38)
61940 (031)
57736 (0.29)
53392(027)
51796 (0.26)

I 48817 (029

48 288 (0.24)

39983 (0.20)

[ 36126 (0.18)
36090 (0.18)
I 35432(0.18)
26519 (0.13)
I 25382(0.13)
25026 (0.13)
23988(0.12)
I 21396 (0.11)
[ 20151 (0.10)
I 18017 (0.09)

15 248 (0.08)
14271 (0.07)
I 13 752(0.07)
[ 12736 (0.06)
12053 (0.06)
11 826 (0.06)
I 11190 (0.06)
9627 (0.05)
8541 (0.04)

M 6261(0.03)
B 5247(0.03)
4770(0.02)
B 4769(0.02)
4699 (0.02)
4115002
Jl 3605 (0.02)
I 2909 (0.01)
| 2352(0.01)
| 2327 (0.01)
11767 (0.01)
| 1380 (0.01)
1276 (0.01)
1239 (0.01)
1137(0.01)
| 1039 (0.01)
| 864 (0.00)
| 824 (0.00)

* Eco-industrial waste management excludes radioactive nuclear waste.
**The topic of ecosystem-based approaches in marine environments covers environments within national exclusive economic zones.

SDG2: Zero hunger

SDG3: Good health & well-being

SDG6: Clean water & sanitation

SDG?7: Affordable & clean energy

SDG9: Industry, innovation & infrastructure
SDG13: Climate action

SDG14: Life below water

SDG15: Life on land

Note: Topics are assigned a colour according to the most closely related Sustainable Development Goal (SDG), even though most of these research topics are relevant to

more than one SDG.

Source: Scopus (Elsevier), including Arts, Humanities and Social Sciences; data treatment by Science-Metrix
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specialization, or intensity of output on a given topic as a
share of overall publishing (Figures 2.2 and 2.3). For instance,
the study revealed little growth in research related to
tuberculosis and HIV, even though HIV infection rates remain
high® and the world is not on track to reach the SDG target of
ending tuberculosis by 2035 (Merk et al., 2019). HIV research
declined as a share of global output between 2012-2015 and
2016-2019 (Figure 2.4).

A country’s level of specialization in a given topic is a
meaningful indicator, even when the overall volume of
output may be low. In fact, it could be argued that it is more
striking for a country with low research output to focus on
an emerging topic of sustainability research. For example,
Rwandan scientists produced 48 publications on the topic
of help for smallholder food producers between 2011 and
2019, 56 times the global average publication intensity for
this topic.

In general, high-output countries have lower absolute
values for the specialization index on a given topic. Even
topics that are defined as national priorities, and which make
up a substantial body of work, form only a small share of
the country’s much larger overall output. For lower-output
countries, fewer publications are needed to show a trend
of specialization on a given topic. For this reason, the USA’s
specialization in HIV research - 1.9 times the global average
intensity — can still be interpreted as meaningful, since the
USA contributed 44% of global output on this topic in 2019.
For comparison, Uganda contributed 2.4% of publications on
HIV research in 2019 but its specialization index value is
37 times the global average intensity for this topic, owing to
its overall lower volume of total output.

The path from data to societal change is indirect

In examining growth trends, we have sought to identify
those countries that are investing in topics considered vital
for sustainable development. That said, the relationship
between publication output and development pathway

is neither direct, nor a one-way street. Although trends in
publication output can reflect government prioritization
trickling down through research funding, scientific
publications alone are not causative of societal change.
Whenever there is an observed decline in research output,
this may be because government funding has been
diverted to other areas or because the field has moved on.
For example, a substantial body of work has been done

on the selected topics related to renewable energy (SDG7)
but this trend is now showing signs of tapering off, even
though the adoption of renewable energy technologies is
still limited at the global level (IEA, 2020). In other words,
the production of knowledge alone is insufficient to bring
about societal change; it must be accompanied by political
will (see chapter 1).

Science communication experts have largely discredited
the ‘information deficit’'model, namely, the idea that science
can fill knowledge gaps and automatically effect societal
change, recommending instead that scientists dialogue
with policy-makers (Reincke et al., 2020). Although domestic
investment in priority areas of scientific research does bear

fruit in the form of publications, the reverse flow of scientific
information to policy is neither as direct, nor as assured.
There is a need to institutionalize scientific policy advice, in
order to foster coherent, stable policies capable of making

a sustainable impact. Policies take time to produce results.
Institutionalized mechanisms for providing scientific advice
have advantages over ad hoc arrangements like those
observed during the Covid-19 pandemic, in that they take the
long view (see What the Covid-19 pandemic reveals about the
evolving landscape of scientific advice, p. 3).

The dominance of high-income economies is waning
Perhaps a more surprising trend is the limited growth
observed in high-income economies for the 56 topics selected
for the present study. This slow pace of change has been
observed by other measures of sustainability science (Elsevier
and SciDeyv, 2015).

High-income economies are losing their monopoly on
the majority of these 56 topics, with notable declines in the
share of global output on topics related to clean energy and
innovation, particularly with regard to battery efficiency and
carbon capture and storage (Figures 2.5 and 2.6). By 2019,
China was contributing to 53.2% of global publications on
greater battery efficiency with 9 944 articles in that year alone.

To take another example, scientists from high-income
economies (co-)authored 74.8% of the world’s publications
on photovoltaics in 2011 but only 50.5% in 2019. Such
declines occurred for nearly all of the 56 topics (Figure 2.6).
Notwithstanding this, high-income economies still dominate
scientific publishing by volume. This demonstrates the
need for developing economies to invest more in research
infrastructure.

In some cases, national priorities align neatly with trends
in research output. For example, Central Asian countries
specialize in transboundary water management. Although
their total output is small, the expertise of authors from
countries such as Kazakhstan and Uzbekistan which border
the Aral Sea is essential for managers looking to address the
socio-ecological challenges of water rights (see chapter 14).
By contrast, Ethiopian-affiliated researchers were involved in
only three publications on transboundary water management
from 2011 to 2019, compared with 13 for Egypt and five for
Sudan, despite Ethiopia’s ongoing negotiations with these
two downstream users of the Blue Nile on sharing the benefits
of the Grand Ethiopian Renaissance Dam (see chapter 19).

Other relationships are less clear-cut, be it due to a gap in
research or, alternatively, to an abundance of research but
a conflicting national pathway. For example, the absence of
authors from small island developing states (SIDS) from the
body of research on the impact of climate change may be
indicative of both a research gap and the practice of on-site
research being driven by an external research agenda. To
take another example, despite the sizeable contribution by
US (25%) and Australian (14%) scientists to global research
on local disaster risk reduction strategies to mitigate climate
change, their respective governments have not prioritized
climate-mitigation policies in recent years (see chapters 5
and 26).
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5 Figure 2.3: Growth rate for publications on selected topics related to the SDGs, 2012-2019 (%)
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It is rare to see strong growth in output on the majority of
the 56 SDG-related topics. In this regard, Iraq and Indonesia
stand out. Iraqi research is emerging on many of these topics,
building on an existing specialization in health, desalination,
wastewater treatment and solar photovoltaics. For its part,
Indonesia’s output at least tripled between 2011 and 2019
for 40 topics. By 2019, Indonesian researchers had published
on each of the 56 topics analysed, including the country’s
first footprint in the international literature on climate
action. Contributing to this surge has been the decision
by Indonesia, in 2017, to link the publication of research in
international, indexed journals to the review of scientists’
career performance (see chapters 1 and 26).

How can we distinguish volatile from flexible research?
Volatile research systems and flexible research systems may
leave the same footprint in terms of rapid swings in the
number of publications on each subject over time.

When countries with a modest output show strong growth
in a particular research topic, this may be because their
research is enmeshed with their country’s development
agenda. For example, Ecuador’s output on sustainable
transportation has soared from 12 (2012-2015) to 92 papers
(2016-2019), that on solar photovoltaics from 3 to 36
papers and that on smart-grid technologies from 35 to 143
papers. Ecuador’s rapid specialization in these fields can be
traced back to a series of rolling blackouts in 2009 which

Figure 2.4: Change in the share of 56 SDG-related topics among global publications,

2012-2015 to 2016-2019 (%)

Excluding topics demonstrating change of less than +0.02%
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Note: The topic of floating plastic debris in the ocean has been excluded from this figure, owing to the low volume of publications on this topic.

Source: Scopus (Elsevier), including Arts, Humanities and Social Sciences; data treatment by Science-Metrix
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Figure 2.5: Contribution by income group to global publishing on 56 research topics
related to the SDGs, 2011 and 2019 (%)
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prompted the government to prioritize investment in energy
infrastructure and the transition from thermal to hydropower
and other renewable sources of energy (see chapter 7).

Alternatively, strong growth in a particular topic may reflect
a research agenda dominated by short-term projects and
short-term funding or a development agenda determined
by international donors - or a combination of two or more
of these factors. Not all of these factors are synonymous with
the type of stable, predictable ecosystem that is supportive of
the scientific enterprise (see Global standards now exist for a
healthy ecosystem of research and innovation, p. 24).

In high-output countries, strong growth in a given topic
may be explained by the fact that they are the ones driving
the development agenda, are more flexible and quicker at
producing topical research, or have rapid access to funding
and expertise that allows them to react to new trends.
Conversely, a slow response may not be a sign of indifference
to sustainability topics but, rather, may simply be masked
by the sustained high volume of output in established
fields. Large research ecosystems may require more time for
changes to become visible (see chapter 1).

We shall see these complex interactions in each subject area.

SCIENCE UNDERPINNING
DEVELOPMENT

Today, youth the world over are looking to science to solve
the multifaceted crises that could compromise their future:
the climate emergency, growing demand for energy, the
shattering of the Earth’s ecological balance and pollution
levels that threaten the health and well-being of billions

of people. The anxieties of youth are encapsulated in the
catchphrase brandished by young demonstrators around the
world: ‘You'll die of old age; I'll die of climate change'

Should there remain any subsisting doubt as to the urgency
of taking an integrated approach to development, one need
only consider the ravages of the Covid-19 pandemic, a prime
example of the interconnectedness between ecology, human
health and economic prosperity.

As Dr Peter Daszak, one of the authors of an expert report
co-sponsored by UNESCO (IPBES, 2020), put it, ‘there is no
great mystery about the cause of the Covid-19 pandemic, or of
any modern pandemic. The same human activities that drive
climate change and biodiversity loss also drive pandemic risk
through their impact on our environment. Changes in the way
we use land, the expansion and intensification of agriculture
and unsustainable trade, production and consumption disrupt
nature and increase contact between wildlife, livestock,
pathogens and people. This is the path to pandemics’ (Box 2.1).

Science, technology and innovation will be fundamental
to achieving the SDGs. Coupled with strong political will, this
should make for a potent combination, as long as there is
sustained investment in research and development.

The good news is that global research spending
(in PPPS billions) progressed almost everywhere between
2014 and 2018, with growth being especially strong in upper
middle-income countries, in a trend driven largely by China
(see chapter 1). At the global level, research expenditure

Young demonstrators in Toronto, September 2019. © K6ka CC BY-SA 3.0

surged by 19%. Progress was visible in all but two regions:
Central Asia and Latin America and the Caribbean. However,
the proportion of GDP devoted to research expenditure
(target SDG9.5.1) progressed only from 1.73% to 1.79%.

Researcher density rose in all but Central Asia and Eastern
Europe over the same period (see chapter 1).* The global
density progressed from 1 245 to 1 368 researchers (in full-
time equivalents) per million inhabitants (see chapter 1).

One key development is the growing scientific
collaboration between developing countries. This trend
tends to be most visible within regions but a large diaspora
is also boosting co-authorship farther afield, as in the case of
Pakistani scientists based in Saudi Arabia (see chapter 21).

In the following pages, we examine publishing trends with
regard to research topics that are considered essential for
achieving eight of the 17 SDGs.

SELECTED RESEARCH THEMES

Plastic debris research shows fastest growth

Among the 56 topics examined, that of floating plastic
debris in the ocean showed the fastest growth, albeit from
a low starting point (Figure 2.3). Over nine years, global
research documenting this phenomenon ballooned from
46 (2011) to 853 (2019) publications (Figure 2.7).

As a result, we know that plastics have penetrated the
deepest ocean trenches (Peng et al., 2018). Jamieson et al. (2019)
found ingested microplastics in the hindguts of crustaceans
in six deep ocean trenches around the Pacific Rim,” at
depths ranging from 7 000 to 10 890 m. Over 72% of the 90
individuals examined contained at least one microparticle.
Human beings are not exempt: researchers have found
microplastics in human placentas (Ragusa et al., 2021).

Plastics have been found not only in animals but
also in fruit and vegetables, such as apples and carrots
(Conti et al., 2020). At the present rate, plastic particles could
outweigh fish in the ocean by 2050 (WEF, 2016); experts
estimate that plastic pollution will triple by 2040 (Lau et al.,
2020). According to British Petroleum, single-use plastics
made up just over one-third of all plastics produced in 2017.
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Plastics are derived from oil. In the short term, demand for
oil has been eroded in 2020 by the vertiginous drop in global
travel during the Covid-19 pandemic. However, the long-term
prospects for oil production are threatened by the growing
affordability of renewables, which is motivating oil companies
to step up the production of synthetics. Plastics now make
up two-thirds of demand for oil in the petrochemical sector
and all of the growth in demand for oil (Bond et al., 2020). At
current growth rates, plastic production could account for
20% of global oil consumption by 2050 (UNEP, 2018).

Asia is considered a dominant source of plastic pollution,
in part because it is a manufacturing and recycling hub
for plastics (WEF, 2016). China’s decision in 2017 to stop
importing low-quality plastic waste has fundamentally
changed global recycling streams, as China had previously
accepted 45% of all global plastic that was recycled between
1992 and 2017, according to United Nations Comtrade data.
China's publications on floating plastic debris jumped from 7
(2012-2015) to 286 (2016-2019), ranking it third in the world
by volume after the USA and UK over this dual period.

For plastics, and consumer goods more generally, the cost of
safe disposal during the product’s lifecycle is not incorporated
in the sales price. This is making it uneconomical to produce
rapidly biodegradable alternatives to plastic and placing a
burden on public authorities to finance recycling. Were the
manufacturer to pay for the cost of recycling, such as through
an ecotax, they would be less inclined to produce single-use
plastics or to endorse programmed obsolescence (Box 2.2).

Figure 2.7: Volume of global publications on
plastics, 2011-2019
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Source: Scopus (Elsevier), including Arts, Humanities and Social Sciences; data
treatment by Science-Metrix

A growing number of countries are banning or phasing out
single-use plastics. In 2019, Panama became the first Central
American country to do so. Costa Rica has adopted a five-
year National Strategy for the Substitution of Single-use Plastics
by Renewable and Compostable Alternatives 2017-2021. In
other countries, single-use plastics are being banned by local
bodies, such as by municipalities in Guatemala (see chapter 7).
To date, 11 of the 14 Pacific Island countries have introduced
legislation to slow the sale or import of single-use

Figure 2.6: Number of SDG-related topics with a gain or loss in share of global output, by

income group, 2011-2019
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plastics or Styrofoam (see chapter 26). China plans to
eliminate the use of single-use plastic bags by 2022 and to
reduce single-use plastics in the restaurant business by 30%
by 2025.

In June 2019, the European Parliament and Council of the
European Union adopted a Directive on the Reduction of the
Impact of Certain Plastic Products on the Environment (#904).6
The intention is to eliminate ten single-use pollutants (straws,
takeaway food containers, etc.) and to incite producers of
others, such as single-use plastic bags, to cover the costs of
waste collection and treatment (see chapter 9).

Banning single-use plastics will not suffice on its own (UNEP
and WRI, 2019). Given the low recycling rate of plastic (less
than 10%), it will be essential to transition to lightweight
alternatives (Bond et al., 2020). Rwanda, for instance, has
been developing bags made of bamboo, banana and other
products since it banned plastic bags in 2008. Sustainable
alternatives to plastics was the second-fastest growing
research topic for sub-Saharan Africa between 2012 and 2019,
even though total output did not exceed 100 papers by 2019.

Indonesia, Malaysia and Thailand are boosting their own
research output on sustainable alternatives to plastics, which
amounted to over five times the global average intensity in
2019. Indonesia went from producing six publications on this
topic between 2012 and 2015 to 155 over the next four years.
Other countries with greater output that show strong growth
include Brazil, China, Germany, India, Iran, Italy, Nigeria and
the United Kingdom (UK).

Health topics dominate by volume but little change

At the other end of the scale, HIV research had the lowest
growth rate of all 56 topics under study. Although the volume
of publications on the nine health-related topics examined
topped the scale for the volume of output (Figure 2.2), growth
rates were either below or on par with the global average of
1.2% per year for all scientific publications. Only the topics on
human resistance to antibiotics and the impact on health
of soil, freshwater and air pollution showed strong growth
(Figures 2.3 and 2.4).

All of the top countries for the growth rate in research on
new or re-emerging viruses that can infect humans have
been affected by a viral outbreak in the past decade (Box 2.1).

Health remains a strong suit for African researchers, with
tropical communicable diseases’ and HIV research among
the top five topics for the majority of sub-Saharan countries.
However, output on these topics is not growing, which may
be a sign that research investment is waning or that other
subjects are competing for precedence in Africa’s research
pathway (Figure 2.10).

Health concerns are evolving as lifestyles and surrounding
environments change. Type 2 diabetes (also called adult-
onset diabetes) is becoming more prevalent. Africa, the Arab
States, Asia and Europe are leading the growth in related
research. As an identified co-morbidity factor for other
illnesses, including Covid-19 (Guo et al., 2020), diabetes is
likely to receive greater attention in the coming decade.
Treatment of diabetes has already benefited from advances in
precision medicine, notably in the USA (see chapter 5).

The impact of soil, freshwater and air pollution on human
health is gaining in international priority. It enjoyed the
highest global growth rate among the examined health
topics. The Russian Federation has boosted its own output
on this topic from 157 (2012-2015) to 609 (2016-2019)
publications. The government has set a target of lowering
air pollution by 22%, as part of its national research projects
endeavour covering the period from 2013 to 2024 (see
chapter 13). Sub-Saharan Africa is also taking up this research,
with output having doubled from 523 (2012-2015) to
1085 (2016-2019) publications, comparable to the pattern
observed in the Arab States and Asia.

The intersection of environmental and human health is
increasingly obvious. In 2020, this link was most commonly
illustrated by the global call for frequent handwashing during
the Covid-19 pandemic, which presupposes that freshwater is
easily available and pathogen-free.

Freshwater management a growing research focus in Asia
Globally, an estimated 80% of all industrial and municipal
wastewater is released into the environment without any

prior treatment, placing human health and ecosystems at

risk (WWAP, 2017). This ratio is much higher in low-income
countries, where sanitation and wastewater treatment facilities
are a rare commodity. Countries in this income bracket
contributed to 0.8% of global publications on wastewater
management in 2019, up from 0.3% in 2011 (Figure 2.5).

In the Arab States, growth in research on wastewater
treatment, recycling and re-use was surpassed only by that
on photovoltaics and smart-grid technology.

In the Philippines, a wastewater management system
has been deemed indispensable for making the New Clark
City development both smart and green (see chapter 26).
Following the announcement of this new smart city, output
on this topic by Filipino researchers doubled to more than 30
publications per year in 2018.

Growth in scientific publications on this topic has been
strong elsewhere in East and Southeast Asia. For example,
Viet Nam’s output has quadrupled from 51 (2012-2015) to
206 (2016-2019) publications.

Between 2011 and 2019, global research on the
sustainable withdrawal and supply of freshwater
resources surged by 150% to 13 863 publications. The
strongest growth was observed in the Arab States and Central
Asia, both of which are experiencing water insecurity.

Nearly 86% of the Arab population, or close to 362 million
people, lives under conditions of chronic water scarcity
(UNESCWA, 2019). This scarcity has increased dependency on
transboundary, non-renewable groundwater resources (fossil
water), which is unsustainable. In the past eight years, the
region has doubled its research output on transboundary
water management from 14 (2012-2015) to 31 (2016-2019)
publications. Although the numbers are modest, this
nevertheless represents 5% of global output on this topic.

The Arab region’s research output on desalination is much
larger. Moreover, it grew by 50% between 2012 and 2019,
from 1 468 to 2 218 publications, accounting for 10% of the
global total (see chapter 17).
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Greater research focus on impact of climate hazards
than mitigation

The threats to freshwater supply and the spread of many
communicable diseases cannot be separated from the
defining crisis of our time: climate change.

The side-effects of our reliance on fossil fuels are severe,
as we shall see in the following pages. Direct economic
losses from climate-related disasters rose by 151% between
1998 and 2017 (UNISDR and CRED, 2019). Single events
can decimate an economy, as demonstrated in 2015 when

Cyclone Pam cost Vanuatu 61% of its national GDP (see
chapter 26). In the Caribbean, the particularly destructive
Hurricane Maria in 2017 led Ross University’s School of
Medicine to depart Dominica after 40 years, amputating
about 19% of the country’s GDP in the process (see chapter 6).
Globally, research still focuses more on understanding the
local impact of climate-related hazards and disasters than
on mitigating such hazards (Figure 2.9).
Climate-related disasters have focused attention
on rebuilding more resilient infrastructure capable of
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,
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Figure 2.8: Top 15 research topics for lower middle-income and low-income countries by
increase in their share of global output, 2011-2019

Top 15 topics by increase in the share of global output from lower middle-income economies, 2011 and 2019 (%)
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withstanding the growing intensity and frequency of
extreme events (IPCC, 2018). Research on new technologies
to protect from climate-related hazards is growing in
several developed countries (Figure 2.10) but research output
is noticeably absent, or static, in the most vulnerable regions
like the Caribbean (see chapter 6).

This research topic showed the tenth-fastest growth
rate in sub-Saharan Africa. Studies of the local impact of
climate-related hazards and disasters was even the eighth-
highest priority. These efforts are also being supported at
the regional level, such as through the Southern African
Development Community’s Regional Climate Change
Programme (see chapter 20) and the West African Science
Service Centre on Climate Change and Adapted Land Use
(see chapter 18).

Little growth in research on carbon capture

All of the pathways defined by the Intergovernmental Panel
on Climate Change for limiting global warming to 1.5°C rely
on technological advances in carbon dioxide (CO,) removal
from the atmosphere to augment the natural process of
carbon sequestration (IPCC, 2018). Companies such as
Equinor (formerly Statoil), Total and Shell are all developing
projects in this area. In Norway, Equinor is developing what
may become the first industrial-scale project for carbon
capture and storage in Europe (see chapter 11).

This new industrial sector is still in its infancy. Only a
minute quantity of CO, is being stored artificially at the
global level: 35 million tonnes in 2019, a drop in the ocean
compared to global carbon emissions of 40 gigatonnes. The
International Energy Agency’s clean technology scenario
forecasts a cumulative storage capacity of 107 gigatonnes of
CO, by 2060 (IEA, 2019).

Global scientific output does not match the urgency
of finding technical solutions to sequester carbon. The
topic of carbon capture and storage has one of the lowest
growth rates, with a mere 2 501 publications on this topic
produced around the world in 2019. This compares with
12 975 publications on smart-grid technology, up from
4737in2011.

The USA leads the field for the volume of output on carbon
capture and storage but its own publications have declined
from 2 507 (2012-2015) to 2 098 (2016-2019). In fact, output
has been declining in six of the top ten countries for this
topic, namely Canada, France, Germany, the Netherlands,
Norway and USA. Here, again, China is poised to take the
lead, with its publications having surged from 1 300
(2012-2015) to 2 049 (2016-2019).

Both the severity of the impact of climate change and
countries’ capacity to respond vary around the world,
increasing the need for geographical and epistemological
diversity in climate-related research. Among small island
developing states (SIDS), Fiji dominated output in this
area between 2012 and 2019, both in terms of volume and
specialization. Fiji hosts the regional University of the South
Pacific, which serves 12 countries (see chapter 26). However,
even on this existential topic for SIDS, local researchers are
not visible in global publishing.

Figure 2.9: Volume of global publications on
climate hazards, 2011-2019

Local impact of climate-related hazards & disasters

[ Local disaster risk reduction strategies o
[ New tech to protect from climate-related hazards
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Source: Scopus (Elsevier), including Arts, Humanities and Social Sciences; data
treatment by Science-Metrix

Surge in research on climate-ready crops in developing
world
On the topic of climate-ready crops, developing regions
specializing in agriculture come into their own. By 2019, low-
income economies were contributing to 11% of global output
on climate-ready crops, up from 4.5% in 2011 (Figure 2.8).
Lower middle-income countries contributed another 32%
(up from 26%). Mexico doubled its own output and there are
encouraging signs from other vulnerable countries, such as
Ethiopia, Ghana, India, Kenya, Mali, Mozambique and Senegal.

Climate-ready crops make up one of the fastest-growing
research topics for sub-Saharan Africa and take the lead among
topics with at least 100 publications (Figure 2.10). This trend is
in line with the Comprehensive Africa Agriculture Development
Programme and the Malabo Declaration on Accelerated
Agricultural Growth and Transformation for Shared Prosperity and
Improved Livelihoods (see chapters 18, 19 and 20).

The rise in climate-related research in West Africa can
also be linked to regional initiatives. Since 2014, the World
Bank has supported the Africa Higher Education Centers
of Excellence programme, including the West Africa Centre
for Crop Improvement at the University of Ghana, which is
developing climate-resilient strains of food crops. For its part,
Germany has invested over € 50 million (US$ 56 million) in
the West African Science Service Centre on Climate Change
and Adapted Land Use, including with regard to related
doctoral programmes at universities in the region (see
chapter 18).

More recently, the World Bank has extended the Centres
of Excellence Programme to East Africa. Since 2017, there
has been a centre specializing in climate-smart agriculture
at Haramaya University in Kenya, for instance, and another in
agro-ecology and livelihood systems at the Uganda Martyrs
University (see chapter 19).

With the Covid-19 pandemic having altered global flows
of food and agricultural workers, the topic of climate-ready
crops may become a priority investment for countries wishing
to maintain healthy domestic food supplies.
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Figure 2.10: Top SDG-related topics based on specialization and growth in selected regions

and countries, 2011-2019

For topics with at least 100 publications over 2011-2019
The growth rate and specialization index are given within brackets

Top five topics by growth rate

® Floating plastic debris in the ocean (3.62)
Help for smallholder food producers (2.12)

@ Sustainably manage marine tourism (1.84)

® Local impact of climate-related hazards &
disasters (1.71)

® Local disaster risk reduction strategies
(1.67)

Top five topics by specialization
Human immunodeficiency virus (HIV) [1.92]
Tackle invasive alien species (1.61)

® Ocean acidification (1.50)
New or re-emerging viruses that can infect
humans (1.46)
Extent of water-related ecosystems (1.39)

BRAZIL

Top five topics by growth rate

® Floating plastic debris in the ocean (3.21)
New or re-emerging viruses that can
infect humans (2.50)

® Eco-construction materials (2.02)

® Carbon capture & storage (2.01)

© Sustainable withdrawal & supply of
freshwater (2.00)

Top five topics by specialization
Agro-ecology (4.48)
Tropical communicable diseases (4.16)
Traditional knowledge (3.52)
Help for smallholder food producers (3.08)
Sustainable use of terrestrial ecosystems
(2.60)

LATIN AMERICA

Top five topics by growth rate
® Floating plastic debris in the ocean (3.62)
@ National & urban greenhouse gas
emissions (2.58)
@ New tech to protect from climate-related
hazards (2.45)
Extent of water-related ecosystems (2.28)
® Eco-construction materials (2.20)

Top five topics by specialization
Agro-ecology (3.95)
Tropical communicable diseases (3.77)
Traditional knowledge (3.34)
Help for smallholder food producers (2.86)
Sustainable use of terrestrial ecosystems
(2.78)
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EUROPEAN UNION

Top five topics by growth rate

@ Floating plastic debris in the ocean (5.29)

® New tech to protect from climate-related
hazards (1.90)

® Greater battery efficiency (1.76)
Minimize poaching & trafficking of
protected species (1.75)

® Local impact of climate-related hazards &
disasters (1.75)

Top five topics by specialization

® Floating plastic debris in the ocean (1.74)

® Ecosystem-based approaches in marine
environments* (1.58)

® Eco-construction materials (1.56)
Nuclear fusion (1.41)

® New tech to protect from climate-related
hazards (1.30)

SUB-SAHARAN AFRICA

Top five topics by growth rate

@ Climate-ready crops (2.85)

© Greater battery efficiency (2.85)

©® Eco-construction materials (2.85)
Smart-grid technologies (2.61)

® Carbon capture & storage (2.48)

Top five topics by specialization
Help for smallholder food producers
(27.35)
Traditional knowledge (11.75)
Minimize poaching & trafficking of
protected species (11.66)
Human immunodeficiency virus (HIV)
[11.46]
Tropical communicable diseases (9.04)

CARIBBEAN

Top five topics by growth rate
Human resistance to antibiotics (2.16)
New or re-emerging viruses that can
infect humans (1.78)

©® Wastewater treatment, recycling & re-use
(1.56)
Traditional knowledge (1.45)
Impact on health of soil, freshwater & air
pollution (1.38)

Top five topics by specialization
Tropical communicable diseases (5.40)
Human immunodeficiency virus (HIV)
(3.66)
Medicines & vaccines for tuberculosis
(3.01)
Reproductive health & neonatology (2.92)
Traditional knowledge (2.89)

EUROPEAN FREE TRADE ASSOC.

Top five topics by growth rate

® Climate-ready crops (2.19)
Precision agriculture (1.93)

©® Greater battery efficiency (1.87)

® Local impact of climate-related hazards &
disasters (1.86)

® Eco-construction materials (1.72)

Top five topics by specialization

@® Carbon capture & storage (3.70)

@ Sustainably manage fisheries &
aquaculture (3.25)
Geothermal energy (2.72)
Hydropower (2.10)
Cleaner fossil fuel technology (1.98)

Top five topics by growth rate

® Sustainable transportation (2.80)

® Climate-ready crops (2.76)
Smart-grid technologies (2.73)
Precision agriculture (2.57)

® Eco-construction materials (2.41)

Top five topics by specialization

® Desalination (3.75)
Wind turbine technologies (2.63)

©® Water harvesting (2.36)
Photovoltaics (2.22)

© Wastewater treatment, recycling & re-use
(2.00)

SOUTH AFRICA

Top five topics by growth rate
® Local impact of climate-related hazards &
disasters (4.75)
® Climate-ready crops (4.19)
Human resistance to antibiotics
(2.93)
® Eco-industrial waste management
(2.77)
Photovoltaics (2.73)

Top five topics by specialization
Help for smallholder food producers
(10.78)
Minimize poaching & trafficking of
protected species (10.45)
Human immunodeficiency virus (HIV)
[10.23]
Medicines & vaccines for tuberculosis
(9.13)
Traditional knowledge (8.18)



RUSSIAN FEDERATION

Top five topics by growth rate

® Sustainable transportation (7.31)

® Eco-construction materials (6.95)
Precision agriculture (6.11)
Wind turbine technologies (4.95)
Wastewater treatment, recycling & re-use
(4.92)

Top five topics by specialization

©® Radioactive waste management (2.58)
Nuclear fusion (2.11)
Geothermal energy (1.04)
Medicines & vaccines for tuberculosis
(0.87)
Hydropower (0.80)

THAILAND

Top five topics by growth rate
©® Eco-construction materials (3.86)
® Eco-industrial waste management (2.51)
© Sustainable transportation (2.44)
© Greater battery efficiency (2.44)
Help for smallholder food producers (2.39)

Top five topics by specialization

® Eco-alternatives to plastics (9.12)

@ Sustainably manage fisheries &
aquaculture (4.00)
Tropical communicable diseases (3.96)
Biofuels & biomass (3.67)
Help for smallholder food producers (3.10)

Top five topics by growth rate

® Sustainable transportation (3.96)
Smart-grid technologies (3.19)

© Greater battery efficiency (2.92)

® Eco-construction materials (2.70)
Geothermal energy (2.47)

Top five topics by specialization

@ Climate-ready crops (3.07)
Medicines & vaccines for tuberculosis
(2.95)
Traditional knowledge (2.83)
Water harvesting (2.74)
Pest-resistant crops (2.12)

Top five topics by growth rate

® Eco-alternatives to plastics (25.83)

@ Sustainably manage marine tourism
(16.83)

® Eco-construction materials (8.52)
Water harvesting (8.00)
Traditional knowledge (6.73)

Top five topics by specialization
@ Sustainably manage marine tourism
(10.50)
Geothermal energy (6.34)
Help for smallholder food producers (6.25)
® Eco-alternatives to plastics (5.44)
Minimize poaching & trafficking of
protected species (4.73)

REPUBLIC OF KOREA

Top five topics by growth rate
Impact on health of soil, freshwater & air
pollution (2.02)
Agro-ecology (1.84)
Tackle invasive alien species (1.77)
National integrated water resource
management (1.67)

® Eco-industrial waste management (1.65)

Top five topics by specialization
Photovoltaics (2.50)

© Greater battery efficiency (2.34)
Hydrogen energy (1.91)

® Sustainable transportation (1.63)

© Radioactive waste management (1.59)

VIET NAM

Top five topics by growth rate

©® Eco-construction materials (12.00)
Hydrogen energy (7.09)
Smart-grid technologies (5.54)
Biofuels & biomass (5.22)

® Eco-industrial waste management (5.17)

Top five topics by specialization

@ Sustainably manage fisheries &
aquaculture (4.42)
Help for smallholder food producers (3.60)
New or re-emerging viruses that can infect
humans (2.17)
Maintain genetic diversity of food crops
(1.93)
Hydropower (1.91)

MALAYSIA

Top five topics by growth rate

® Carbon pricing (2.65)
Sustainable withdrawal & supply of
freshwater (2.52)
Hydropower (2.27)

© Greater battery efficiency (2.24)

@ Carbon capture & storage (2.21)

Top five topics by specialization

® Eco-alternatives to plastics (6.11)

® Eco-industrial waste management (3.99)
Biofuels & biomass (3.71)

® Eco-construction materials (3.24)
Traditional knowledge (2.99)

Top five topics by growth rate

© Greater battery efficiency (3.26)

® Local impact of climate-related hazards &
disasters (2.29)
Hydrogen energy (1.77)
Human resistance to antibiotics (1.65)
Agro-ecology (1.63)

Top five topics by specialization
Tackle invasive alien species (6.52)
Geothermal energy (6.44)

@ Ocean acidification (6.41)
Status of terrestrial biodiversity (3.04)
Sustainable use of terrestrial ecosystems
(2.78)

CHINA

Top five topics by growth rate

® Floating plastic debris in the ocean (40.86)
Transboundary water resource
management (2.85)
Help for smallholder food producers (2.78)
Water harvesting (2.74)

® Ocean acidification (2.69)

Top five topics by specialization

® Greater battery efficiency (2.12)

@ National & urban greenhouse gas
emissions (1.73)

® Coastal eutrophication (1.72)
Hydropower (1.53)
Cleaner fossil fuel technology (1.52)

Top five topics by growth rate
Impact on health of soil, freshwater & air
pollution (1.63)

® Eco-industrial waste management (1.60)
Geothermal energy (1.48)

® National & urban greenhouse gas
emissions (1.46)

® Eco-construction materials (1.43)

Top five topics by specialization
Nuclear fusion (1.88)

® Radioactive waste management (1.60)
Regenerative medicine (1.31)
Hydrogen energy (1.21)
Photovoltaics (1.21)

Top five topics by growth rate

® Floating plastic debris in the ocean (3.94)
Minimize poaching & trafficking of protected
species (2.18)

© Greater battery efficiency (2.09)
Help for smallholder food producers (1.98)

® Climate-ready crops (1.94)

Top five topics by specialization

® Ocean acidification (5.63)

® Local disaster risk reduction strategies
(5.45)

@ Sustainably manage marine tourism (5.38)

® Local impact of climate-related hazards &
disasters (4.62)
Socio-ecological impact of terrestrial
protected areas (3.93)

*The topic of ecosystem-based approaches in
marine environments covers environments within
national exclusive economic zones.

Note: Topics with at least 100 publications were
considered, with exceptions for the Caribbean,
Indonesia, Malaysia, New Zealand, the Russian
Federation, Singapore, Thailand and Viet Nam
(50 publications).

Source: Scopus (Elsevier), including Arts, Humanities
and Social Sciences; data treatment by Science-
Metrix
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Resilient food systems rely on smart use of land and sea
The world is not on track to achieve SDG2 for zero hunger,
according to the UN Food and Agriculture Organization (FAO,
2020a). Innovation in sustainable food systems, such as climate-
ready crops, agro-ecology and precision agriculture® can
make agriculture more productive without depleting soils.

These three approaches were among the fastest-growing
research topics in the Russian Federation over the 2012-2019
period (Figure 2.10). Sustainable agriculture features among
the seven mission-oriented priorities of the government'’s
Strategy for the Development of Science and Technology to 2035
(see chapter 13).

Along with China, India, Israel and the UK, the Russian
Federation boosted its output on precision agriculture by
70% or more between 2011 and 2019. On this topic,

high-income economies maintained their share (ca 60%) of
global publications over the period under study, whereas the
contribution by lower middle-income economies grew from
10% to 14% of total output over the dual periods 2012-2015
and 2016-2019 (Figure 2.5).
In considering efforts to achieve zero hunger, it would
be misguided to consider only advanced technologies.
Sub-Saharan African researchers specialize in helping
smallholder food producers. This topic is a small field
globally, with sub-Saharan authors contributing to 361 of the
world’s 885 publications and the EU 294 articles in 2019.
There are signs that other regions are taking up this
research. Between 2011 and 2019, East and Southeast
Asia’s global share of output increased from 15% to 23% for
instance. Sub-Saharan Africa’s own share decreased from

As you read this, most of you could
reach out and touch at least one
device containing cobalt that may
have been extracted from the
Democratic Republic of the Congo,
or lithium that may have come from
Australia, among scores of other
metals and rare earth metals. Over
half of the 30 elements in the average
smartphone are increasingly scarce
and many are being obtained through
unsustainable and unjust mining
practices.

Mining is having a widespread
impact on people and ecosystems.
The first study of the effects of mining-
related pollution on newborns in
sub-Saharan Africa demonstrated
a link between birth defects and
paternal mining-related work in the
Democratic Republic of the Congo
(Van Brusselen et al, 2020). The health
of miners has grown into a national
policy issue but the drivers of resource
extraction, namely consumer demand
and industry pressure, are international
in scope.

Demand for technology is
often used as a reason to push for
mining, including deep-sea mineral
exploration. The transition towards
efficient electrification will increase our
demand for batteries and, therefore,
for rare earth metals. At the same time,
technology is transforming mining
through automation, reducing the risk
to miners and improving efficiency
(McKinsey & Company, 2018).

94 | UNESCO SCIENCE REPORT

The benefits of the circular
economy
To enjoy the benefits of advanced
technology, products must be
produced more sustainably, last longer
and be recycled at their end of life. Our
track record in these areas is weak.

Manufacturing waste exceeds
post-consumer waste by an order of
magnitude (Lepawsky, 2019). E-waste
is the fastest-growing waste stream.
In 2019, each person produced 7.3 kg,
on average, but only 1.3 kg underwent
environmentally sound recycling (Forti
etal, 2020). In other words, 83% of
e-waste is undocumented. Globally,
54 million metric tonnes of e-waste
were discarded in 2019 and we shall
most likely throw away more than
75 million metric tonnes each year by
2030 (Forti et al.,, 2020).

The term ‘planned obsolescence’
refers to the design of a product
to ensure that it becomes rapidly
outdated, either because it cannot be
repaired or is intentionally subject to
early failure, obliging the customer to
replace the product. The combination
of planned obsolescence and repair
monopolies has contributed to shorter
product lifespans and undermined our
ability to understand and fix our own
belongings, particularly when they
involve advanced technologies.

Although proponents argue that
early obsolescence drives rapid
innovation and economic growth,
consumers and sustainability experts

wish products to last longer. Today's
buyers pay for products with ever-
shorter lifespans: in 2013, 8.3% of
appliances were replaced within five
years due to a defect, compared to
3.5% in 2004 (Prakash et al, 2016).

In 2015, France made history
by passing Hamon's Law, which
made planned obsolescence illegal
and obliged French manufacturers
to identify if, and for how long,
replacement parts would be available
for a given product.

Recycling is hindered by repair
monopolies and the transition
away from standardized modular
construction that would enable the
sale and re-use of parts. Consumers
are beginning to demand the ‘right to
repair’ the technology they purchase.

In the USA, right-to-repair
legislation is being considered at the
federal level for the first time, thanks
to the Covid-19 pandemic. The
Critical Medical Infrastructure Right-
to-Repair Act* of 2020 would permit
technicians to perform critical repairs
of hospital equipment without fear of
a lawsuit if they break a digital lock.
In advance of federal legislation, 20
of the 50 US states have considered
right to repair bills for specific sectors.
However, major corporations have
successfully lobbied against several
state proposals.

Such lobbying has also stymied
repair bills in Canada, despite a 2019
poll by the Innovative Research



46% to 41%, despite a growth rate of 2.0%. Global interest in
this topic among all income groups may reflect high levels of
international collaboration (Figure 2.5).

Asia and Africa have the most smallholdings in agriculture
but large-scale farming is gaining ground around the world,
which often involves foreign ownership of arable land.

This has consequences for long-term land management.
The International Land Coalition estimates that 1% of
the world’s largest farms manage over 70% of the world’s
farmland (ILC, 2020).

Less research on sustainably managing fisheries
More than half of the global ocean is harvested on an
industrial scale, an area four times greater than land used
for intensive agriculture (Kroodsma et al., 2018). Despite

this, the volume of scientific research on the sustainable
management of fisheries and aquaculture declined by
2% annually worldwide, from 3 754 publications in 2011 to
3135in2019.

Fish supply up to 90% of protein in the diets of coastal
populations and assure a livelihood for one in ten human
beings (Gaines et al., 2018). However, the Food and
Agriculture Organization (FAO) has demonstrated that 90%
of commercially exploited marine fish stocks are either
overfished or fished to their maximum sustainable limits
(FAO, 2020b). Researchers have estimated that proactive and
adaptive fishery management could boost profits and result
in 60% more fish biomass (Gaines et al., 2018).

In this context, the missing research by scientists from the
Caribbean, Southeast Asia, sub-Saharan Africa and the islands
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Group showing that 75% of
Canadians support right-to-repair
legislation. Similarly, according to
a 2014 Eurobarometer survey, 77%
of European Union citizens would
rather repair their goods, even
though the current cost of repairs
and service options leads most to
replace or discard their belongings
(EU, 2014).

The European Commission is
working towards a right to repair
for consumers, including a right
to update obsolete software (see
chapter 9). In 2019, it adopted eco-
design measures to increase the
energy efficiency and reparability of
household appliances.** From 2021,
manufacturers will have to make
appliances last longer and supply
spare parts for machines for up to
10 years.

In Bangladesh in 2020, the
Department of the Environment
published the draft Hazardous
Waste (E-Waste) Management Rules,
restricting the use of 15 chemical
substances in certain electrical
products and outlining procedures
for company recycling of e-waste.
Since 2019, entities seeking to
import machinery and other
accessories for initiatives with an
environmental focus like waste
management can access the Green
Transformation Fund managed
by the national central bank (see
chapter 21).

Our choices will define our legacy
Our choices about technology
consumption and production will
define our legacy. For example, the
process of modern steel production is
contaminated with radionuclides carried
in the air, as background radiation in the
atmosphere has increased since the start
of the nuclear era in the 1940s. To meet
the demand for uncontaminated, low-
background steel, pillagers are seeking
to retrieve metals from shipwrecks that
predate the nuclear era.

UNESCO is supporting the efforts
of countries to identify and manage

United Nations ©  International Year
Educatonal, Scientficand - of the Periodic Table
Cultural Organization - of Chemical Elements

such sites through the Convention
on Underwater Cultural Heritage but
pressure is mounting for unregulated
retrieval of non-irradiated metals.
This begs the age-old question of
preservation versus re-use: what are
we prepared to give up of our past to
create the future we want?

Source: compiled by Tiffany Straza

* See: https:/tinyurl.com/congress-USgov-right-
to-repair

** See: https://tinyurl.com/EC-rules-
sustainableappliances
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of Oceania is striking. Indonesia is a notable exception.
Its output quadrupled from 115 to 479 publications between
2012-2015 and 2016-2019.

With over 40% of the world’s population living within
100 km of the coast and excess nutrients from human
activities a known contributor to the loss of oxygen from
the global ocean, the 12 231 global publications on coastal
eutrophication from 2011 to 2019 might seem paltry.

Among major economies, Canada’s 37% growth stands
out: from 206 to 336 publications. Among least developed
countries, output rose by 30% over this nine-year period to a
total of 58 publications.

Ocean-dependent countries with traditional connections
to the sea are assuming global leadership roles in the
sustainable management of oceanic systems. Kenya hosted
the first global Sustainable Blue Economy Conference in 2018
and co-hosted the second United Nations Ocean Conference
in 2019, following the first such event in 2017 co-hosted by Fiji
and Sweden to address SDG14 on oceans. Kenyan scientists
published at least three times the global average intensity
on sustainable management of fisheries and aquaculture
between 2011 and 2019.

In 2018, Kenya joined others? in establishing the High-Level
Panel for a Sustainable Ocean Economy. This Ocean Panel
committed to an ocean action agenda in December 2020
with knowledge forming one of the five priority areas of
transformation, leveraging the UN Decade of Ocean Science.

We can expect growth in publishing in ocean science
during the United Nations Decade of Ocean Science
for Sustainable Development, which got under way in
January 2021 under the stewardship of the UNESCO
Intergovernmental Oceanographic Commission.’ With
inclusivity being a key principle for the Decade, research
is expected to be internationally collaborative and
representative of ocean users. The multifarious connections
between marine resources and planetary health make this
research area a rich source of scientific discovery but also
reliant upon technology transfer.

One growth area is the study of ocean acidification.

The acidity of seawater is increasing, effectively depleting
the calcium carbonate which serves to form the skeletons
and shells of corals and shellfish. This is imperilling ocean
ecosystems, the marine food web and, indirectly, a major
source of protein for human populations. The acidification
of the ocean stems from the same cause as the climate crisis,
namely greenhouse gas emissions driven primarily by fossil
fuel-based energy systems.

Will the energy transition keep pace with research?
In 2018, over 80% of world energy production remained based
on coal, oil and gas (Figure 2.11) [IEA, 2020]. Nuclear power (5%)
and renewable energy (14%) made up the remainder. Among
renewables, biofuels and waste (9.3%) dominated; solar
photovoltaic and wind power represented less than 2%
of total energy production and geothermal plants less
than 0.5%.

Even if global coal use were to end immediately, assuming
cement emissions remain constant, existing developed oil
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and gas fields would push the world beyond the target of 1.5°C
warming (OCl, 2020). Despite the growing impact of climate
change, action by governments and businesses in support of
the necessary energy transition is lagging behind. In the four
years (2016-2019) following adoption of the Paris Agreement,
35 banks from Canada, China, Europe, Japan and the USA
together invested US$ 2.7 trillion in fossil fuels (RAN et al., 2020).
India’s National Electricity Plan (2018) foresees adding 46 GW of
coal-fired capacity by 2027, even though plans to build nearly
14 GW of coal-fired power plants were cancelled in May 2017
after being deemed uneconomical (see chapter 22). In the USA,
factors such as falling costs and federal tax credits have driven
growth in renewable energy but the huge legacy investments
of large US energy companies have been hindering the
deployment of clean energy (see chapter 5).

In 2017, Ireland became the world’s first country to commit
to divesting public money fully from fossil fuels, when
parliament passed legislation to remove investment in coal, oil
and gas from the € 8 billion (ca US$ 9.5 billion) Ireland Strategic
Investment Fund (ECEEE, 2017). In 2019, the Norwegian
parliament passed a law requiring the Norwegian Sovereign
Wealth Fund, the world’s largest with a worth of over
USS 1 trillion, to drop investments of US$ 13 billion in eight
coal companies and about 150 oil producers (Ambrose, 2019).

Renewable energy systems have become cheaper to
build than fossil fuel power plants across much of the world
(IRENA, 2020), thanks to advances in wind and solar energy
technology, in particular. Renewable energy was the only
energy sector to see growth at the height of the Covid-19
pandemic and demand is projected to grow further
(IEA, 2020).

Many countries have set renewable energy targets and
some have formalized commitments to a sustainable
transition, through instruments such as the Sustainability
Charter (2016) signed by Albania, Bosnia and Herzegovina,
Kosovo, Montenegro, North Macedonia and Serbia under
the Energy Community Treaty (2006) [see chapter 10]. Papua
New Guinea was the first country to submit its Nationally
Determined Contribution (2016) under the Paris Agreement,
setting out a plan to transition to 100% renewable energy
by 2030 and attain carbon neutrality by 2050. At the time
of writing in February 2021, at least 110 countries had set
themselves the objective of achieving carbon neutrality
by 2050. To this end, Costa Rica has developed a National
Decarbonization Plan 2018-2050 (see chapter 7). In March
2020, the European Commission enshrined the target of
climate neutrality by 2050 in the European Climate Law.

In December 2020, the Commission adopted the target of a
55% reduction in carbon emissions by 2030 over 1990 levels
(see chapter 9). China has committed to carbon neutrality by
2060 (see chapter 23).

Smart-grid tech and battery efficiency dominate energy
research topics

The UNESCO study assessed scientific publications in relation
to energy production via photovoltaics, hydropower, biofuels
and biomass, wind-turbine technologies, geothermal energy,
hydrogen energy and nuclear fusion. The study also assessed



the extent to which scientific output prioritized cleaner fossil
fuel technology, radioactive waste management and smart-
grid technology.

Innovation in electricity distribution and storage is
growing. Globally, publications on smart-grid technologies
grew by nearly 12% per year from 4 737 in 2011 to 12 975
in 2019 (Figure 2.11). This impressive trend was surpassed
only by output on greater battery efficiency, growing by
16% per year from 4 829 publications in 2011 to 18 692 in
2019. Batteries are expected to support an electrified future
free from fossil-fuel consumption. Despite the expected
reliance on efficient electrification and government targets
for electricity production from renewable energy sources,
only one in ten electric utility companies around the world
is prioritizing investment in renewable energy over fossil
fuels (Alova, 2020). In fact, 60% of the utilities prioritizing
renewable energy are simultaneously expanding their
investment in fossil fuels (Alova, 2020).

At the global level, output is stabilizing or even showing
signs of decline for three of the nine selected clean energy
topics, namely cleaner fossil fuel technology, nuclear
fusion and radioactive waste management. Scientific
output on renewable energy sources appears to have
outpaced political or industrial will to transform energy
supplies. Research attention is even levelling off in high-
output economies: their share of global output declined
by 5% or more for all of the selected energy topics. For
example, high-income economies produced 6 805 (74.8% of
the world’s publications) on photovoltaics in 2011 and 7 928
(50.5%) in 2019.

Some of the strongest growth in research on sources
of renewable energy is taking place in lower middle-
income countries. For instance, their share of photovoltaic
research surged from 6.2% to 21.2% between 2011 and
2019, that on wind turbine technologies from 6.4% to
16.9% and that on biofuels and biomass from 7.6% to
21.6% (Figures 2.5 and 2.8).

Vietnamese research output on biofuels and biomass has
increased five-fold from 67 (2012-2015) to 350 publications
(2016-2019) following the establishment of a 25% target for
the share of biofuels in total vehicle fuel consumption by
2050 in Viet Nam's Renewable Energy Development
Strategy 2016-2030 (2015). The government banned the
sale of standard gasoline in late 2017 to spur progress.
Simultaneously, to avoid a repeat of price distortions for
staple crops following a boom in biofuels, as had occurred in
the 2000s, Viet Nam directed its ministries to control the price
of biofuel and to define a price floor for cassava, the main raw
material in ethanol production.

Photovoltaics formed the largest body of energy research
among the topics examined, despite accounting for less than
2% of global energy supply in 2018. Electricity generation
from solar photovoltaic systems has grown exponentially,
with 32 038 GWh produced globally in 2010, compared to
554283 GWh in 2018 (IEA, 2020).

Hydropower accounted for two-thirds of Brazil's installed
capacity for electricity generation in 2020. Following a report
by the Brazilian Agency for Water and Basic Sanitation in 2018

warning that 45 Brazilian dams were at a high risk of failure,
the government announced the end of megahydropower
projects in the Amazon (see chapter 8.) Research into the
sustainable withdrawal and supply of freshwater is Brazil's
fifth-fastest-growing topic (Figure 2.10).

The world’s largest energy infrastructure project is planned
for the Democratic Republic of the Congo, the Grand Inga
hydropower dam (see chapter 20). Other African countries are
multiplying projects to develop hydropower, wind and solar
energy but African researchers are strikingly absent from this
body of scientific research, despite the high priority accorded
to renewable energy by the African Union’s Agenda 2063:
the Africa We Want (2015). Researchers from the Democratic
Republic of Congo contributed to just seven publications on
hydropower from 2011 to 2019.

Taken together, Kenya, Ethiopia and Tanzania account for
half of the 20 million Africans who gained access each year
to electricity between 2014 and 2018. By 2018, geothermal
power generated in the Rift Valley had overtaken hydropower
as the lead source of electricity in Kenya, powering 35%
of households (see chapter 19). Research output has been
erratic, however. Kenyan scientists produced 27 publications
on geothermal energy in 2017 but only seven the following
year and one in 2019.

Sub-Saharan researchers contributed to a total of just 829
publications from 2011 to 2019 on smart-grid technologies
and 935 publications on solar photovoltaics. This translates
into 1.4% and 1.5% of global output, respectively. Although
the region showed the strongest specialization in hydropower
among the energy topics examined, this research is being
driven by only a handful of countries, led by South Africa.

With the opening of its Centre for Renewable Energy and
Energy Efficiency in Namibia in 2015 (see chapter 20), the
Southern African Development Community may see renewed
growth in research on battery efficiency. Sub-Saharan output
has already surged from 377 (2012-2015) to 983 (2016-2019)
publications, driven by Ethiopia, Nigeria and South Africa.

Meanwhile, countries belonging to the Caribbean
Community (Caricom) are striving to transition to clean energy,
in a move led by the Caribbean Centre for Renewable Energy
and Energy Efficiency established in 2017 (see chapter 6).

Such gains are fragile. Despite calls for green recovery plans,
the post-Covid-19 strategies of many governments combine
protection for jobs with investment in new high-carbon
infrastructure, according to a recent analysis (Vivid Economics
and F4B, 2020). One notable exception is the European
Union (EU). With 30% of its Next Generation Recovery Fund
devoted to green investment (see chapter 9), the EU leads the
table for the net Greenness of Stimulus Index. The authors
of the chapter on the EU in the present report argue that,

‘to maintain its lead in green innovation, the EU will need to
translate its vision into higher levels of investment, since the
new US administration has pledged to invest massively, itself,
in clean tech’ (see chapter 9).

The future geoscience and engineering industry is expected
to depend significantly less on oil and gas specialists than
it does today. This means that both educational institutions
and industry will need to begin adapting their training and
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hiring practices, in order to tailor the supply of specialists to Sustainable innovation goes beyond new technology

anticipated demand. To some extent, this process is already There are concerns that technological solutionism may become

under way at the institutional level (OCl, 2020). an excuse not to address the climate crisis, such as by investing
Nuclear energy currently provides 10% of the world’s in geo-engineering techniques to the detriment of transitioning

electricity and is the largest source of low-carbon energy to sustainable forms of energy, or by assuming that problems

(IEA, 2020). Although nuclear power features prominently in caused by new technology will be solved by technologies

low-emission scenarios, uranium is not a renewable resource that do not yet exist. Fifty years ago, nuclear power was

and nuclear reactors are ageing; by 2025, 25% of existing touted as the solution to the world’s energy problems; today,

nuclear capacity in advanced economies will most likely have we are still wrestling with the problem of radioactive waste

to be shut down. disposal. Despite this, research output on radioactive waste

Figure 2.11: Trends in energy production and publishing
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management remains small and is stagnating, even within the and recycling of industrial products, to foster what is known

European Union where nuclear reactors supply nearly 20% of as the circular economy (Box 2.2).

electricity. Germany is preparing to close down its last nuclear Mass investment in digital technology such as computers

reactor in 2022. and mobile phones has created a heavy waste burden.
More generally, the management of waste generated Bangladesh generates some of the highest volumes of

by technology poses a major challenge for sustainability. electronic waste: 2.7 million metric tonnes each year,

Some solutions will be technological but just as important according to the Environment and Social Development

will be our capacity to adopt sustainable production and Organization Dhaka (see chapter 21).

consumption patterns. Governments are increasingly Global output on this topic is modest. For instance,

adopting policies to reduce waste and encourage the re-use scientists from Bangladesh produced 31 publications on

Volume of scientific publications on nine SDG7 renewable energy topics by selected region, 2012-2015 and 2016-2019
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eco-industrial waste management between 2012-2015 and
53 over 2016-2019 but this corresponded to 1.8 times the
average global intensity for this topic.

In 2019, the African continent produced three million tonnes
of electronic waste and continued to import it, yet only
13 African countries' had national e-waste legislation (Forti
etal., 2020). Rwanda approved an e-waste policy in 2016 and
the next year launched the second-largest e-waste recycling
facility in Africa (see photo, page 78). The facility creates a
circular economy, with refurbished computers being sold or
donated to schools, steel turned into steel bars for construction
purposes and plastic crushed into pellets for re-use. The facility
is undertaking a feasibility study with support from the Ministry
of Trade and Industry and the EU in the hope of expanding
to become the first lithium battery recycling facility in Africa
(Kovacevic, 2020).

The Rwandan facility should reduce the widespread
practice of informal recycling and burning of e-waste, which
place people at great risk. Africans are disproportionately
affected by the world’s e-waste and mining residues (Forti
etal., 2020). Growth in research on the impact on health of air,
soil and water pollution is fairly evenly distributed across the
continent but sub-Saharan Africa still contributed less than
4% of global output on this topic in 2019.

Maphosa and Maphosa (2020) have demonstrated that
e-waste research is gaining traction in Africa, a field they
found to be dominated by Ghana, Nigeria and South Africa.
This type of research is essential for problem-solving, to
complement tracing the record of harm.

The UNESCO study shows a similar trend, with one notable
difference. Although the bulk of research in sub-Saharan
Africa stems from Nigeria (85/209 publications) and South
Africa (77/213), Ethiopia’s output on this topic has surged from
4 (2012-2015) to 37 (2016-2019) publications, overtaking
Ghana (13/25). Ethiopia shows the subcontinent’s fastest
growth rate for this topic (9.3%), followed by Mauritius (3.5%),
Cameroon and Mozambique (3.0%), South Africa (2.8%),
Nigeria, Uganda and Zimbabwe (2.5%). Output has grown
by 1.9% in Ghana and remained stable in Rwanda, which has
produced four publications on this topic since 2012.

The management of industrial waste remains
underrepresented in the world’s largest economies. As in
the case of viral disease outbreaks, the research effort could
be described as being reactive rather than proactive, with
output tending to surge after a disaster. For example, Brazil
boosted its output on eco-industrial waste management
from 332 (2012-2015) to 606 (2016-2019) publications,
perhaps in response to the 2015 collapse of the Fundao dam
(see chapter 8). Other economies with a strong industrial
base witnessed a doubling of output on this topic over the
same period, including China, Egypt, India, Iran, the Russian
Federation and Saudi Arabia.

A pairing between countries’ digital and green agendas
In a world first, sales of electric cars in Norway exceeded
those of petrol, diesel and hybrid engines in 2020. Norwegian
researchers have doubled their output on sustainable
transportation from 133 (2012-2015) to 286 (2016-2019)
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publications with similar gains recorded on the topic of
battery efficiency (92/219).

China’s global share of publications on sustainable
transportation even shot up from 37% in 2011 to 49% in 2019.
In the USA, meanwhile, publications on this topic coasted
with a growth rate of 1.6, resulting in a contraction from 32%
to 26% of global output.

Electric vehicles are a good illustration of efforts by countries
to advance their green and digital agendas in tandem.

This is the case for India, for instance, which is investing
simultaneously in smart cities, electric vehicles and renewable
energy. The National Electric Mobility Mission Plan 2020 (2013)
has sought to populate India with a fleet of 6-7 million electric
and hybrid vehicles by 2020 (see chapter 22). Sustainable
transportation and greater battery efficiency are two of the
country’s fastest-growing research topics (Figure 2.10).

Achieving a dual green and digital transition is also a policy
focus for the European Union, through its new European
Green Deal (2020) following on the heels of its digital policy,
A Europe fit for the Digital Age (2019). The top innovators for
technologies that combine green and digital elements tend to
be European (see chapter 9).

Many countries are developing or planning smart cities
which they intend to make sustainable, including Costa Rica,
El Salvador, India, Morocco, Saudi Arabia and the United Arab
Emirates.

There are concerns that‘smart’ development like
automation may threaten existing jobs. Whether this change
is good or bad depends greatly upon the availability of
training and alternative opportunities for those who are
replaced by machines. For example, Mani (see chapter 22)
notes the benefits of automation in India’s automotive sector,
where the introduction of robots has made the workplace
safer, with fewer repetitive stress injuries and accidents. In
the USA (see chapter 5), on the other hand, automation is
considered as having contributed to the loss of 5.5 million
manufacturing jobs between 2000 and 2017, where a skills
mismatch for a more advanced manufacturing sector was
not addressed in time through mechanisms such as worker
retraining.

Whether our cities are ‘smart’ (see chapter 1) or not,
galloping urbanization and infrastructure development
presents a real challenge for sustainability. Every year, new
constructions consume 40-50 billion tonnes of sand and
gravel. Sand and gravel is now the second-most traded
resource after water. About three-quarters of concrete is
sand. Sand mining from rivers causes pollution, flooding and
aquifer depletion and can exacerbate drought. Sand mining
can also destroy beaches, jeopardizing tourism, and disrupt
the habitat of marine life (UNEP, 2019a).

Fuelled by a booming cement industry, the floor area
of buildings is expanding at nearly 3% per year, offsetting
energy efficiency gains from reducing the emissions
footprint of buildings (UNEP and IEA, 2017). In 2015, cement
accounted for 8% of anthropogenic CO, emissions, double
the proportion of the airline industry and more than any
individual country. Cement demand could grow by 25% by
2030 to meet urban trends.



Eco-construction materials should, thus, be a priority
research topic for sustainability. Floor area in India is expected
to double by 2035, placing demands on the country’s plans
for sustainable transportation and green smart cities (see
chapter 22). Scientific output from India on eco-construction
materials has surged from 205 (2012-2015) to 554
(2016-2019) publications. However, Europe alone accounts
for half of global output on this topic.

Environmental protection still the poor relation

Of all the goals related to economic growth, it is those

of industry, innovation and infrastructure (SDG9) and
sustainable cities and communities (SDG11) which received
the most official development assistance between 2000 and
2013, with donors contributing US$ 130 billion and US$ 147
billion, respectively (Sethi et al., 2017).

At the other end of the scale, topics of environmental
sustainability, aligned with the SDGs for responsible
consumption and production (SDG12), climate action
(SDG13), life below water (SDG14) and life on land (SDG15),
received the least attention, attracting a cumulative total of
less than USS$ 25 billion in donor funding over this period.

This funding pattern is reflected in outcomes. On average,
national progress around the world has been weakest for the
core environmental SDGs for climate action (SDG13), life below
water (SDG14) and life on land (SDG15) [Sachs et al., 2019; see
Table A1 in the statistical annex of the present report].’

This problem persists, according to the platform Aid Atlas,
launched in 2019 to monitor global development finance
flows. From 2013 to 2017, USS$ 28 billion total in aid was
directed towards environmental protection, corresponding
to only 2% of the total development finance dispersed
during that period and less than the amount spent on the
administrative costs of donors (Atteridge and Savvidou, 2020).

In a sample of 30 voluntary national reviews submitted by
governments to the High-level Political Forum on Sustainable
Development as part of country-level monitoring of progress
towards the SDGs, only 20% mentioned biodiversity as a
national priority for sustainable development (Pesce et al.,

2020). The world has failed to fully meet any of the global
biodiversity targets that have defined much of conservation and
environmental management over the past decade (CBD, 2020).

The United Nations Environment Programme (UNEP, 2020)
predicts that embracing a greener economic model would boost
global economic growth by 8% by 2060." The test for the coming
years will be whether countries succumb to the temptation to
trade long-term benefits for short-term economic relief. Some
countries are loosening, at least temporarily, environmental and
labour protection laws to compensate for the economic hardship
associated with Covid-19. One example of this is Indonesia’s
‘omnibus law’ (see chapter 26).

Publication output gives some indication of interest, funding
and workforce expertise. The sustainable use of terrestrial
ecosystems is a topic with broad scope and one of the most
evenly spread in terms of global representation. Largely stable
elsewhere, output on this topic is growing in sub-Saharan
Africa, the Arab States and Asia. That said, several of the
dominant threats to terrestrial ecosystems continue unabated.

Research on the use of biodiversity and ecosystems outstrips
research on their status, in much the same way that research on
extraction outstrips that on conservation (Figure 2.12).

For Dasgupta (2021), ‘almost all governments have been
exacerbating the biodiversity crisis by paying people more
to exploit nature than to protect it. A conservative estimate
of the global cost of subsidies that damage nature is
USS$ 4-6 trillion per year"

Poaching, trafficking and invasive species growing
research fields

The poaching and trafficking of endangered species is

a lucrative enterprise and now also a small but growing
research field (Figure 2.12). Countries with high biodiversity
and known vulnerability to the illegal wildlife trade stand out:
scientific output has at least doubled in most countries in
Southeast Asia, including Indonesia and Viet Nam, in addition
to Colombia, Cyprus, Ghana, Mongolia and Saudi Arabia.

Uncontrolled wildlife trade not only threatens the
populations of exotic species in their natural habitat but
also introduces risks to the destination. Invasive species are
considered a leading driver of biodiversity loss alongside
climate change, having contributed to 60% of historical
species extinctions. Global research on tackling invasive
species is growing but this field of study remains small
compared to the impact of the problem (Figure 2.12).

There are growing efforts to understand and slow the
spread of invasive species, such as in Bangladesh, Bosnia and
Herzegovina and Viet Nam. Growth has been most notable in
sub-Saharan Africa, with surges of 500% or more in publications
observed in Botswana, Ghana and Nigeria since 2013.

Figure 2.12: Volume of global publications
on selected biodiversity-related topics,
2011-2019
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Botswana'’s research tackling invasive species has risen from 1
(2012-2015) to 15 (2016-2019) publications. A single invasive
water fern, Salvinia molesta, was threatening the Okavango
Delta, a UNESCO World Heritage site and Africa’s largest
wetland. By introducing a Salvinia-munching weevil in 2002
as an alternative to chemical pesticides, Botswanan scientists
managed to bring the invasion under control by 2016 after
three decades of effort (see chapter 20). Invasive species
threaten livelihoods in 70% of African countries (Makoni, 2020).
In the face of growing transboundary challenges, such
as invasive species, air pollution, freshwater management
and climate change, countries are taking steps to ensure the
survival of natural systems by reducing those pressures under
their control.

Little research on ecosystem-based approaches in
protected areas

The Convention on Biological Diversity has proposed a
target of conserving 30% of the Earth’s surface area as
natural space by 2030 in its zero draft of the Post-2020
Global Biodiversity Framework, to be finalized in May 2021.
The extent of protected areas increased slightly between
2016 and 2020 from 14.7% to 15.0% of the total land area
and, at sea, from 10.2% to 17.5% of national waters
(UNEP-WCMC et al., 2020).

Globally, there were 5 245 publications between 2011
and 2019 on the socio-ecological impact of terrestrial
protected areas. The European Union and Latin America each
accounted for about 40% of the total. Researchers from
sub-Saharan Africa published six times and Oceania four
times' the global average intensity.

More than half (52%) of Costa Rica’s national territory
is covered by biosphere reserves; these are designated
territories within the UNESCO global network of the same
name where communities experiment with novel approaches
to sustainable development such as ecotourism and agro-
ecology (see chapter 7). Costa Rica’s scientific output on the
sustainable use of terrestrial ecosystems (760 publications
over 2011-2019) and the status of terrestrial biodiversity
(543) is more than eight times the global average intensity.

Protection of a defined space lends itself to a whole-of-
system approach, yet this method is not a common subject
of experimentation. The scientific literature on ecosystem-
based approaches in protected areas on land is small
overall, with only 1 243 publications in English at the global
level from 2011 to 2019, two of which came from Costa Rica.
Canada’s intensity of output on this topic was five times the
global average, despite modest numbers: 94 (2012-2015)
and 88 (2016-2019) publications.

Madagascar is an interesting case study. Scientists
published 32 times the average global intensity on the socio-
ecological impact of terrestrial protected areas. Madagascar
is reliant on revenue from tourism to support conservation
efforts. By May 2020, it had lost about
USS$ 500 million in tourism revenue, as a consequence of
travel restrictions linked to the Covid-19 pandemic. One of
the founders of Ranomafana National Park lamented that,
‘without the US$ 4 million that usually flows into the region
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from tourism and research, the community will be forced to
return to cutting the forest and farming’ (see chapter 20).

Monitoring such spaces brings its own challenges. A 2019
agreement between the US National Aeronautics and Space
Administration (NASA) and the Central American Integration
System (SICA) of eight Central American countries' supports
the use of remote sensing information from satellites for
a range of applications, with a focus on environmental
management and mitigation of environmental and disaster
risks and with a specific effort to promote open data polices in
SICA member countries (see chapter 7).

The world is on track to meet only 23% of the environment-
related SDG indicators by 2030. The status of another 68%
cannot even be measured for lack of data (UNEP, 2019b).

Research low on local disaster risk reduction strategies
Worldwide, only 1 102 publications between 2011 and 2019
were retrieved from the global literature that pertained to the
topic of local disaster risk reduction strategies. Given the
growing investment in local resilience through the Green Climate
Fund, which has gathered pledges worth US$ 10.3 billion since
its initial resource mobilization in 2014, the test for related
projects will be whether they build local capacity, including in
terms of local co-authorship of related research.

Indigenous and local knowledge are now included in a
growing number of Latin American policies, in particular.
Bolivia and Ecuador have introduced programmes at the
national level to facilitate the recovery, safe-keeping and use
of local and ancestral knowledge (see chapter 7). Traditional
leaders in Pacific island countries such as Niue, Samoa, the
Solomon Islands, Tonga and Vanuatu are creating restricted-
access digital repositories of local and traditional knowledge
pertaining to the climate (see chapter 26).

The top 10 countries ranked by specialization in research on
traditional knowledge are all situated south of the Sahara.
Researchers from high-income economies contributed less
than half (40%) of global publications on this topic, the lowest
proportion observed for this income group for any of the
56 topics analysed. Even countries with close ties to former
colonies, such as France and the UK, produced less than half
of the global average intensity on this topic.

CONCLUSION

Sustainability research not yet mainstream
The 56 research topics analysed in the preceding pages
are but a subset of broader sustainability research. We can,
nevertheless, draw some conclusions from this sample of
current trends.

The first conclusion is that sustainability research is not
yet mainstream in academic publishing at the global level.
Sixteen of the 56 chosen topics accounted for less than 0.03%
each of global scientific production between 2011 and 2019.
These ‘orphan’topics include ecosystem-based approaches in
protected areas on land, help for smallholder food producers
and climate-ready crops.

Even the largest topics form a small portion of scientific
research. Global publications on sustainable energy (SDG7)'®


https://unesdoc.unesco.org/ark:/48223/pf0000382235_eng
https://unesdoc.unesco.org/ark:/48223/pf0000382235_eng

accounted for 2.1% of global scientific output over 2012-2015
and 2.4% over 2016-2019. Publications on the health-related
(SDG3)" topics studied here stagnated at 4.4% of overall
scientific output over 2011-2019 (see chapter 1).

The growth rate for some topics tells a more positive story.
Research on help for smallholder food producers and on
climate-ready crops showed some of the fastest growth rates
among these 56 topics: 80-90% over the dual periods of
2012-2015 and 2016-2019.

There are other bright spots. AlImost one-third (59) of the
193 countries studied at least doubled their output on battery
efficiency between 2011 and 2019. This topic was followed
by smart-grid technologies (55 countries), the impact on
health of soil, freshwater and air pollution (54) and sustainable
transportation (50).

Different levels of engagement

Countries on the frontlines of climate change and those

most reliant on natural resources are investing heavily,
proportionately, in research on topics such as agro-ecology,
climate-ready crops, technologies to reduce the impact of
climate hazards and the sustainable management of terrestrial
and marine environments. Most are developing countries.

Sustainability topics form far greater shares of national
output in small and developing science systems. There are
predictable patterns, such as the Caribbean focus on health
research and the specialization in agricultural research in Latin
America and sub-Saharan Africa. More intriguing is that these
regions are branching out from their traditional speciality areas:
Latin America is taking up the baton of ocean research and at
least doubled its output on topics such as eco-construction
materials and new technologies to protect from climate-related
hazards. Caribbean scientists are publishing on topics related
to energy and freshwater resources. In sub-Saharan Africa,
governments are investing in wind and solar energy systems
to complement efforts to expand the traditional electrical grid.
This investment is reflected in the doubling of research output
on smart-grid technologies, photovoltaics and wind turbine
technologies.

A decade ago, developing countries were able to leapfrog
over costly investment in landlines to develop mobile
communication networks. Today, the need to ensure universal
access to energy is driving a similar phenomenon.

High-income countries ceding ground

High-income economies are ceding ground to other income
groups for most of the 56 topics under study, with the decline
in global share of output being most noticeable for battery
efficiency and carbon capture and storage. High-income
economies still dominate scientific publishing by volume,
though. This demonstrates the need for developing countries
to invest more in research infrastructure.

Low-income countries are least visible for topics related to
SDGs 7 (affordable and clean energy), 9 (industry, innovation
and infrastructure) and 14 (life below water). This income
group is publishing more than previously on biofuels and
biomass, solar and wind energy, in particular, but publications
on each topic still amount to less than 1% of global output.

Low-income countries are contributing most to the topic
of help for smallholder food producers: 31% of the global
total. This is also one of the topics with the highest share of
international scientific collaboration, as identified by the sum
of contributions from individual income groups exceeding
100% by a wider margin. Other topics that involve a high
level of international scientific collaboration concern climate-
related hazards and climate-ready crops, the health-related
topics on tropical communicable diseases, tuberculosis and
HIV, as well as environmental topics relating to transboundary
water resource management, the socio-ecological impact of
terrestrial protected areas and minimizing the poaching and
trafficking of protected species. Future studies tracking the
national affiliations of authors for specific topics could identify
trends and gaps in collaborative publishing (see chapter 1).

Among lower middle-income countries, progress has
been most spectacular on problem-solving for development.
For instance, their share of publications on the sustainable
management of marine tourism has surged from 3% to 19%
since 2011. They now account for one-quarter of global
publications on minimizing poaching and trafficking of
protected species and one-fifth of global output on eco-
industrial waste management, photovoltaics, biofuels
and biomass. They also show strong growth on smart-grid
technologies, precision agriculture, geothermal energy, wind
turbine technologies, sustainable alternatives to plastics and
transboundary water resource management.

With the notable exception of China, progress among
upper middle-income countries has been relatively modest.
Countries in this income group made their greatest gains in
national integrated water management and photovoltaics,
where their share of global output grew by 8%.

China boosted its global share of research by more than
10% for a range of topics and even by more than 20% for
battery efficiency (to 53%), research on national and urban
greenhouse gas emissions (to 47%), hydrogen energy (to
43%) and carbon pricing (to 41%). China also accounted for
almost all growth within this income group on geothermal
energy, radioactive waste management and floating plastic
debris in the ocean.

As a group, other upper middle-income countries
contributed a greater share than China only on new or re-
emerging viruses that can infect humans, human resistance
to antibiotics, the status of terrestrial biodiversity, tackling
invasive species and, above all, on traditional knowledge:
32% of global scientific publications.

Scientific collaboration and donor funding: a disconnect
International partnerships are considered fundamental to
reaching the SDGs. In broad terms, international collaboration
among the major income groups has been rising. This trend
is in line with growing international co-authorship in scientific
research more generally (see chapter 1). Since 2011, the level
of collaboration has been particularly high on environmental
management and climate research. This has not prevented
climate resilience and sustainable environmental
management from accounting for the smallest shares of
research by volume.
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This finding tallies with trends in official development
assistance, where topics related to environmental
sustainability attracted a cumulative total of less than
USS 25 billion in donor funding between 2000 and 2013. This
funding pattern is reflected in outcomes. On average, national
progress around the world has been weakest for the core
environmental SDGs for climate action (SDG13), life below
water (SDG14) and life on land (SDG15) [Sachs et al., 2019].

The present study’s findings echo the observation by
Atteridge and Savvidou (2020) that research topics related
to climate and ecology have received less attention than
advanced technology. As we have seen in the preceding
pages, innovation in electricity distribution and storage is
growing faster than research on alternative forms of non-fossil
energy generation.

One exception to the rule is carbon capture and storage.
This high-tech industry is still in its infancy. All of the pathways
defined by the Intergovernmental Panel on Climate Change
for limiting global warming to 1.5°C rely on technological
advances in CO, removal from the atmosphere to augment
the natural process of carbon sequestration. However, carbon
capture and storage has one of the lowest growth rates (6%)
among the 56 topics studied, with a mere 2 501 publications
on this topic produced around the world in 2019. This
compares with 12 975 publications on smart-grid technology,
where growth has been driven largely by China and India.

Scientific publishing often reactive

There is evidence that much of scientific publishing over the
past decade has been reactive, rather than proactive. For
example, the volume of output documenting the local impact
of climate-related hazards and disasters is larger and growing
faster than research output on solutions such as disaster risk
reduction strategies and new technologies to mitigate such
hazards.

This trend stands out clearly for the topic of new or
re-emerging viruses that can infect humans: countries
boosted research in this field after being directly affected
by an outbreak. We can anticipate a spike in research effort
on viral diseases in the years to come. We can also expect
governments to augment their stocks of personal protective
equipment and medical treatments. What is not yet clear is
whether governments will invest in prevention by tackling
the root causes of zoonotic epidemics that include unfettered
agricultural expansion and urbanization, deforestation and
illegal wildlife trade.

To take another example, scientific publications
documenting floating plastic in the ocean are growing faster
than research into ecological alternatives to plastic, even
though less than 10% of plastic is recycled. With the long-term
prospects for oil production being threatened by the growing
affordability of renewables, oil companies are stepping up
the production of synthetics like plastic. At current growth
rates, plastic production could account for 20% of global oil
consumption by 2050 (UNEP, 2018).

This example highlights a paradox. Even as transitioning
to a green economy is gaining in national priority, anxiety
over potential job losses from declining industries is leading
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governments to prop up these very industries. This is
reflected, for example, in decisions by public authorities to
invest in new coal plants in full knowledge that the expansion
of renewables is making coal production uneconomical.

Technological solutionism and the orientation of innovation
towards fuelling economic development are, at times, proving
incoherent with the demands of sustainable development.
This incoherence is making it harder for countries to link
existing science systems and strategies with their own
sustainable development agenda.

As Dasgupta (2021) has observed, most governments tend
to pay people more to exploit nature than to protect it. He has
estimated the global cost of subsidies that damage nature
at USS 4-6 trillion per year. One example is plastic goods.
These tend to be cheaper than ecological alternatives, as the
manufacturer is not held accountable for the full life-cycle
of the product; this means that the cost of collection and
recycling of waste products tends to fall to public authorities.
This disguised subsidy is not only costly for the public purse.
Itis also holding back the development of more sustainable
alternatives.

Scientists and policy-makers may take diverging paths
Scientists and policy-makers are not always taking the same
pathway. Some of the biggest academic output on climate
change mitigation and adaptation is coming from countries
where it is still government policy to minimize the importance
of climate change.

This is problematic, since scientific knowledge can only be
transformational if backed by political will. Without action at
the policy level to embrace problem-solving, there is a risk of
research simply documenting environmental decline.

The European Union has taken a decisive step in the
direction of transformational change with its European Green
Deal (2020). This new growth strategy seeks to accelerate
the bloc’s ‘green’ transition in all five socio-economic
systems simultaneously (energy; agrifood; manufacturing;
transportation; and buildings/housing) for greater coherence
and credibility, while making sure that jobs lost in one
industry can be recreated elsewhere (see chapter 9).

Adopting a 30-year target for carbon neutrality must not
become a pretext for putting off until tomorrow what must
be done today. Governments need to focus on reaching
their 2030 targets. Measures taken today will, in turn, make
it easier to reach countries' longer-term carbon neutrality
targets. Strategic planning to develop infrastructure or create
jobs should be approached through the lens of sustainable
development, rather than as a parallel agenda.

The next UNESCO Science Report in 2025 should be able to
confirm whether the trends observed in the preceding pages
are indicative of a time lag between a change in research
focus and its impact on the scientific publishing record, or
whether national policy frameworks are struggling to adopt a
coherent approach to sustainable development.
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ENDNOTES

1 For example, the population was advised to remove sources of stagnant water
in residential areas and to use mosquito repellants like lemongrass.

These data stem from a global bibliometric study commissioned by UNESCO
covering the period 2011-2019. The topic of new or re-emerging viruses

that can infect humans covers research papers on Zika, the first Severe Acute
Respiratory Syndrome (SARS) and Ebola but not HIV, which is the subject of

a separate topic. The study does not cover SARS-CoV-2 (Covid-19), as this
outbreak began at the end of 2019. For details of this study, see Annex 4.
According to the Joint United Nations Programme on HIV/AIDS (UNAIDS),

1.7 million people worldwide became infected with HIV in 2019 and 38 million
are living with the disease.

4 In the present report, the Eastern Europe grouping excludes member states of
the European Union.

The six deep ocean trenches are the Japan, Izu-Bonin, Mariana, Kermadec,
New Hebrides and Peru-Chile trenches.

See: https://tinyurl.com/EU-single-use-plastics-2019

This dataset covers diseases that figure in the list of neglected tropical diseases
established by the World Health Organization, namely: Buruli ulcer, Chagas
disease, Dengue and Chikungunya, Dracunculiasis (guinea-worm disease),
Echinococcosis, food-borne trematodiases, Human African Trypanosomiasis
(sleeping sickness), Leishmaniasis, Leprosy (Hansen's disease), Lymphatic
filariasis, Mycetoma, chromoblastomycosis and other deep mycoses,
Onchocerciasis (river blindness), Rabies, Scabies and other ectoparasites,
Schistosomiasis, soil-transmitted helminthiases, snakebite envenoming,
Taeniasis/Cysticercosis, Trachoma and Yaws (endemic treponematoses).
Malaria and water-borne diseases such as coliform, giardia, cholera and
norovirus are also included in this topic.
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Precision agriculture uses advanced technologies like remote sensing to
monitor soil temperature and humidity, weather patterns, plant growth,
irrigation rates and other factors. Crops are also rotated to preserve soils and
improve biodiversity.

The other members of the High-level Panel for a Sustainable Ocean Economy
are Australia, Canada, Chile, Fiji, Ghana, Indonesia, Jamaica, Japan, Mexico,
Namibia, Norway, Palau and Portugal, representing 40% of the world’s
coastlines and 20% of the world’s fisheries.

See: https://oceandecade.org/

These are Cameroon, Céte d'lvoire, Egypt, Ghana, Kenya, Madagascar, Nigeria,
Rwanda, Sao Tome and Principe, South Africa, Tanzania, Uganda and Zambia.
There is a slight tendency for countries with high scientific output on the 56
topics under study to rank higher in the Sustainable Development Report 2020
(Sachs et al,, 2020) but there is no statistically significant relationship (data not
shown).

Resource extraction was responsible for 90% of species loss and water stress in
2017, as well as half of greenhouse gas emissions (UNEP, 2020).

Oceania’s output was dominated by Australia.

These are Belize, Costa Rica, the Dominican Republic, El Salvador, Guatemala,
Honduras, Nicaragua and Panama.

These topics are cleaner fossil fuel technology, photovoltaics, hydropower,
biofuels and biomass, wind turbine technologies, nuclear fusion, geothermal
energy, hydrogen energy and smart-grid technologies.

These topics are reproductive health and neonatology, tropical communicable
diseases, type 2 diabetes, human resistance to antibiotics, regenerative
medicine, impact on health of soil, freshwater and air pollution, medicines and
vaccines for tuberculosis, human immunodeficiency virus (HIV) and new or
re-emerging viruses that can infect humans.
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3 - To be smart, the digital revolution will need

to be inclusive

Alessandro Bello, Tonya Blowers, Susan Schneegans and Tiffany Straza

INTRODUCTION

Women risk missing out on the jobs of the future
The world is undergoing a fundamental transformation
that is changing the way we live, work and think. This has
far-reaching implications for the role of women in society,
in general, and in science, technology, engineering and
mathematics (STEM’), in particular.

Climate change is heightening the frequency and
intensity of environmental disasters, causing devastating
economic losses and forcing us to rethink our approach
to development, especially with regard to food, water and
energy security, health care, construction and environmental
management. There is evidence that the current decline in
wildlife populations, such as through the conversion of forest
to agriculture, urbanization, hunting and wildlife trade, has
facilitated the transmission of zoonotic (animal) viruses to
humans. Pandemics like Covid-19 present a major challenge
for global health (Johnson et al., 2020) [Box 3.1 provides an
account of how Covid-19 has affected female scientists].

In parallel, what has been termed the Fourth Industrial
Revolution (or Industry 4.0) is disrupting governance
systems, industries and the labour market, as cyberphysical
systems proliferate and become more sophisticated. Artificial
intelligence (Al), robotics, nanotechnology, three-dimensional
(3D) printing, genomics, biotechnology and cognitive
sciences are becoming increasingly imbricated, building on
and amplifying one another.

As more low-skilled jobs become automated, having a higher
level of education and skills will become increasingly sought-
after in the job market. A study of employment trends in
England between 2011 and 2017 by the UK Office for National
Statistics found that sectors dependent on highly skilled
occupations were less likely to become automated (Figure 3.1).
Women accounted for 70% of employees in jobs with a high
risk of automation but only 43% of employees in jobs with a
low risk of automation. For instance, the widespread installation
of automatic checkouts in English retail outlets between 2011
and 2017 resulted in the loss of one in four cashier jobs, most of
them held by women (UNESCO, 2019).

Women must not miss out on the jobs of the future. The
United Nations anticipates that women will lose five jobs
for every one gained through Industry 4.0, compared to the
loss of three jobs by men for every one gained (UNESCO,
2018). According to a collaborative study by 29 United
Nations programmes, more than 7.1 million jobs will have
been displaced by 2020 and half of current jobs will have
disappeared by 2050. In other words, more than 60% of
children entering primary school today could end up working

in jobs that do not yet exist (ITU, 2017). A fundamental
transformation is under way in the workforce. This will call
for institutional policies to ensure that today’s teenagers
understand their career options in the new world of work and
can access appropriate skills training.

For women to seize upon the opportunities offered by
the Fourth Industrial Revolution, there will need to be a
level playing field in terms of access to enablers such as
education and information. In 2016, the United Nations’
Human Rights Council affirmed ‘the importance of applying
a comprehensive human rights-based approach in providing
and expanding access to Internet’? and adopted a resolution
stating that Internet access was a fundamental right. In
developing countries, women were less likely (37%) than men
(43%) in 2017 to have access to both a mobile phone and
Internet, according to the Global Findex Database. In some
countries, men are even twice as likely to have access to these
technologies. This is the case in Bangladesh, Ethiopia, India and
Pakistan, for instance. In other countries, including some of the
most populous, there is no appreciable gender gap, such as in
Brazil, China, Colombia, Indonesia, South Africa or Turkey.?

Teenagers envisaging jobs at high risk of automation

An analysis of the results of the 2018 edition of the
Programme for International Student Assessment (PISA)

run by the Organisation for Economic Co-operation and
Development (OECD) found that many 15-year-olds
anticipated pursuing jobs that were at a high risk of being
automated. The ratio was particularly high among those from
the most disadvantaged backgrounds. Even among high-
achievers, the PISA study revealed a yawning gender gap
when it came to career expectations, with more boys than
girls leaning towards careers in science and engineering in 34
out of 63 countries. Less than 2% of girls had plans to become
engineers or computer scientists, compared to about 16% of
girls who intended to become doctors. Interestingly, fewer
boys and girls expressed interest in working in computer
science in 2018 than in 2000 (Mann et al., 2020).

A shortage of skills for Industry 4.0

Demand in the European labour market for STEM skills is
expected to almost triple from 8% to 23% of the workforce
between 2015 and 2025, whereas it is anticipated that
employment in STEM-related sectors will rise by only about
6.5%. This compares with anticipated growth of 3% in the
number of jobs across the board over the same period

(EC, 2019a). Experts predict a growing divide between
supply and demand for professionals with STEM skills in the
European Union (EU) [Reingarde, 2017].
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Box 3.1: Covid-19 pandemic disproportionately affecting women in science and engineering

Initial studies show that the pandemic
is disproportionately affecting female
researchers, even if some have been
at the vanguard of responding to the
crisis.

Less job security, less research
time

A report released in May by the
Australian Academy of Science

(AAS, 2020) found that job insecurity
was more of an issue for women than
for men, as a higher proportion of
women were employed on short-term
contracts.

Myers et al. (2020) surveyed 4 535
faculty or principal investigators in
the USA and Europe, primarily. All else
being equal, female scientists reported
a 5% larger decline in research time
than their male peers during the
Covid-19 pandemic. For scientists
with at least one child five years old or
younger, the decline in research time
was even 17%. The authors recalled
that women tended to be the primary
care-givers of young children.

Initial analyses also suggest that
women's publishing rate has fallen
relative to men’'s amid the pandemic
and that women are posting fewer
preprints and starting fewer research
projects than their male peers
(Viglione, 2020).

In the media, male voices have
dominated scientific commentary
on the pandemic in many countries.
In the UK, there was an imbalance
of 2.7 men for every female expert
featured on the UK’s flagship television
and radio news programmes on the
political handling of the coronavirus
outbreak across the country, according
to data gathered by the Expert Women
Project from the University of London.

Survey finds widespread
disruption to research

In the developing world, the closure
of universities and other institutions,
along with the redirecting of funding
in those remaining open, has brought
ongoing research projects to an
abrupt halt.
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This was one of the findings of a
survey conducted by the Organization
for Women in Science for the Developing
World (OWSD), a UNESCO programme
unit, of its more than 5 000 members
between March and June 2020.

Among OWSD members, the most
commonly cited negative impact of the
pandemic on work was the inability to
travel to conferences or other important
events (67% of respondents). This was
followed by interruptions to experiments
or field work (56%), teaching duties (31%)
and course attendance (22%), as well as
publishing delays (209%).

Members also regretted delays in, or
the suspension of, ongoing funding and
difficulty in finding collaborators (17%
each), being unable to submit funding
proposals (16%) or publications (14%),
missing out on business opportunities
or losing clients (13%) and being unable
to take exams as scheduled (11%). Just
under 5% of respondents reported
directly losing their employment as a
result of the pandemic.

Women actively participating in
pandemic response
The survey responses also illustrated how
scientists can find solutions even in the
most challenging circumstances. There
was the Sudanese molecular biologist
leading an initiative to make ventilators
using 3D printers, for instance, and the
Sri Lankan biochemistry professor who
had volunteered her lab for diagnostic
testing, not to mention the professors
at a Palestinian university who had
organized a special course on Covid-19
to teach students the principles of
epidemiology.

Many members reported being
involved in the pandemic response.
A small share (4%) were undertaking
research directly on the Covid-19 virus
itself, such as to develop treatments or
vaccines, and 14% were studying the
impact of the coronavirus on other health
conditions, or its societal or economic
impact. One in four scientists (26%)
was raising awareness or disseminating
information about the disease and a
further 8% were involved in co-ordinating

a policy response to Covid-19 at an
institutional level.

With the pandemic having made
policy-makers, governments and the
general population actuely aware
of the importance of science, some
respondents saw an opportunity
in adversity to push for greater
investment in research and in public
health.

Women have made the most of
shorter working hours

Although 44% of survey respondents
have had to cut back their working
hours to assume greater household

or care responsibilities during the
pandemic, other respondents reported
some positive outcomes. Most notably,
54% said that they had enjoyed

more flexible working hours. Four in
ten (42%) had been able to expand
their professional skills or experience,
27% had found more time to work

on their research, 26% stated that

their employer had invested in new
technologies for telework or telestudy,
20% had found an opportunity to
broaden their public engagement and
19% had augmented their scientific
publications.

Over half of respondents reported
spending much more time than
usual on household chores (52%)
and childcare (61%) during the
pandemic. On average, respondents
indicated that the share of childcare
falling to them had risen from 51% to
66% during the pandemic. They also
reported being responsible for 69% of
homeschooling.

However, the vast majority (83%)
appreciated spending more time with
their families, with some reporting a
closer relationship with their children
(41%) or with their partner (37%).

Source: adapted from Johnson, Erin (2020) The
Impact of Covid-19 on Women Scientists from
Developing Countries: Results from an OWSD
Member Survey, 20 June.

See: https://www.owsd.net
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A 2017 study found that closing the gender gap in STEM
education would have a positive impact on economic growth
in the EU, contributing to an increase in GDP per capita of
0.7-0.9% across the bloc by 2030 and of 2.2-3.0% by 2050.
The study predicted a closure of the gender pay gap* by 2050,
by which time 6.3-10.5 million jobs should have been added
to the European economy, about 70% of these occupied by
women (EIGE, 2017).

Al will play a key role in the Fourth Industrial Revolution.

In 2019, companies lamented ‘a shortage of skilled talent to
clean, integrate and extract value from big data and move
beyond baby steps toward Al’ This finding emerged from a
2018 survey by Price Waterhouse Coopers of nearly 1400 chief
executive officers (CEOs) in 91 countries. The report found that
it was ‘not only a matter of hiring or developing Al specialists
and data scientists. It is equally important to cultivate a
workforce ready to use Al-based systems’ (PwC, 2019).

In the Asia—Pacific region and Africa, as many as 35% and
45% of company CEOs, respectively, expressed ‘extreme
concern’about the availability of necessary skills, in the
survey. Globally, CEOs saw retraining and upskilling as the
best answer but more than one-quarter of company CEOs in

Figure 3.1: Probability of automation in
England, 2017
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the Middle East and one in five in Western Europe saw hiring
outside their industry as a potential solution (PwC, 2019).

The skills shortage is driving competition, as companies
and institutions vie to attract and retain talent (PwC, 2019).
This can offer a window of opportunity for women trained in
related fields, who may find themselves in a strong bargaining
position when it comes to negotiating their working
conditions with a prospective employer.

An ethical responsibility to avoid misuse of Al

Women have a stake in participating in the digital economy to
ensure that Industry 4.0 does not perpetuate gender bias. Al is
already defining societal priorities. If women are contributing
less to big data or social media data, their needs are likely to be
neglected by projects designed on the basis of these data, such
as smartphone applications. To mitigate inappropriate policies
and actions based on non-representative data, ‘we need to put
communities who will be impacted by the information systems
into the process of making them, says Catherine D’lgnazio,
co-author of Data Feminism (Ignazio and Klein, 2020).

The disruptive potential of Al is so great because Al has
evolved to the point where it can not only treat information
but also interpret it, through machine learning, deep learning
and natural language processing. Machine learning allows
search engines to prioritize links to websites based on an
internaut’s browser history, for instance, potentially creating
an echo chamber® that deprives the internaut of more varied
sources of information.

Since the advent of deep learning in 2012, machines can
interpret not only databases but also static and dynamic
images such as photos and videos. This has led to the
development of facial recognition software. Through natural
language processing, a machine can now interpret the written
and spoken word, paving the way to online services such as
Google Translate and chatbots. It has become technically
feasible to put words - literally — in the mouth of a person
portrayed in a video that the person never uttered. This makes
it easy to distort information. The Internet can then relay this
false information to the masses, via websites and social media.

There are other forms of misuse. Virtual identities can be as
fluid as we want them to be and even ‘body-less; if we prefer,
offering opportunities for sweeping behaviour change and
a blurring of the distinction between men and women in
the virtual realm. However, there is a very real danger that
gendered differences will be magnified and embedded within
technology. Digital images do not exist in neutral spaces free of
stereotypical characteristics: avatars can walk, talk and behave
in gendered ways and robots and automatons are programmed
by men and women who (consciously or subconsciously) may
endow their creations with gendered characteristics.

For example, a robot undertaking household chores may
be given a female shape and voice, paving the way for gender
dynamics to be reproduced in the relationship between robot
and owner (Schiebinger, 2019). Google's speech recognition
software is 70% more likely to recognize male speech than
female speech, according to research conducted at the
University of Washington. Another example is Siri, a servile
female-gendered voice assistant used by hundreds of millions
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In 2018, Equal Measures 2030 and
partners launched a pilot gender
index, in response to the urgent
need for tools to support data-driven
analysis and hold governments

to account for gender equality

in the context of the Sustainable
Development Goals (SDGs).

The SDG Gender Index compiles data
on a wide range of issues at the national
level that are crucial to the rights of girls
and women, from health and education
to economic empowerment. The 2019
SDG Gender Index extends beyond
the goal dedicated to gender equality

(SDG5) to measure gender equality
aligned with another 13 of the 17 SDGs
in 129 countries. The index examines
51 issues across these SDGs.

The 2019 SDG Gender Index has found
that the world is furthest behind on
gender equality issues related to public
finance and better gender data (SDG17),
climate change (SDG13), gender equality
in industry and innovation (SDG9)
and gender equality overall (SDG5).

The highest gender equality scores for
innovation (SDGY) go to Canada (87%),
followed by New Zealand, Estonia,
Norway and Denmark (85%).

The index has found that countries
are performing best on issues where
there has been a co-ordinated and
concerted policy focus and related
funding over the past 10-20 years.
The highest gender equality scores
have been attributed to the goals for
hunger and nutrition (SDG2), water
and sanitation (SDG6), health (SDG3)
and education (SDG4).

Source: compiled by Tonya Blowers and Susan
Schneegans; see: https://data.em2030.0rg

of internauts. She had been programmed to respond to
insults with the words, 'l would blush if | could The algorithm
behind Siri was updated in 2019 to react in a more gender-
neutral way by saying‘l don’t know how to respond to
that’ (UNESCO and EQUAL Skills Coalition, 2019).

The vast potential for abuse of Al illustrates the heightened
ethical responsibility of individual scientists and engineers
of both sexes in today’s world to serve the community as
vehicles of truth and human progress. The 2030 Agenda for
Sustainable Development provides a roadmap for harnessing
Industry 4.0 for the public good. An index has been
established to quantify the pace of progress towards gender
equality in the context of the Sustainable Development Goals
(SDGs) [Box 3.2]. The creative and thoughtful use of Al could
be a key factor in achieving each of the 17 SDGs and their
targets. In Japan, for instance, Al is being used to improve
disaster readiness and recovery (see Box 24.2).

LITTLE DIVERSITY IN THE TECH SECTOR

Women a minority in Industry 4.0 fields

Women tend to be a minority in the digital labour market. In
the EU, for instance, more than half of men earning degrees

in information technology (IT) end up working in digital jobs,
compared to one-quarter of women (UNESCO and Equal Skills
Coalition, 2019).

This is all the more detrimental, in light of the severe
shortage of people with the skills needed to drive Industry 4.0.
The irony is that the fields most relevant to Industry 4.0 are the
very ones where women remain underrepresented in most
countries, namely IT, computing, physics, mathematics and
engineering.

Japan is hoping that the centrepiece of its new growth
strategy, Society 5.0, will enable society to adaptto a
shrinking, ageing population through widespread use of Al
and other digital technologies in industry, agriculture and
the services sector. However, the government anticipates
a shortage of 300 000 general engineers in IT in 2020 (see
chapter 24).
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In the USA, women made up 57% of professionals but
only 25% of computer professionals in 2015. Women are
more likely than men to leave the tech field. The most
common reasons given concern workplace conditions, a
lack of access to key creative roles and a sense of ‘feeling
stalled in their career’ (Ashcraft et al., 2016).

In 2017, women accounted for 23% of Brazilian
engineers. Over the four-year period to 2017, much of
which was marked by recession, 14% of male engineers
lost their jobs, compared to 11% of their female colleagues.
Female engineers earn 84% of what their male colleagues
take home, despite having a higher level of educational
attainment: 12.0% of female engineers held a postgraduate
degree in 2017, compared to 7.4% of male engineers (see
chapter 8).

Women a minority in Al

The Al sector is expanding rapidly: from 2015 to 2017, the
number of workers worldwide with Al skills increased by
190%, according to the World Ecnoomic Forum (2018a),
which found that ‘industries with more Al skills present
among their workforce are also the fastest-changing
industries.

In the USA, Al has the highest-paid experts of any field
of technology (Metz, 2017). According to the US Bureau
of Labor Statistics and the Census Bureau, the pay gap in
computer science is one of the smallest between male and
female professionals in the USA, with women earning 94%
of what men take home (AAUW, 2018).

Why, then, are women still a minority among employees
of digital tech giants, even in the USA? According to data
collected by the social networking site LinkedIn and
published in the World Economic Forum'’s Global Gender
Gap Report, only 22% of professionals working in Al around
the world are female (WEF, 2018a). This gap is visible in
all of the top 20 countries with the highest concentration
of Al employees (Figure 3.2) and is particularly evident in
Argentina, Brazil, Germany, Mexico and Poland, where fewer
than 18% of women professionals have Al skills.


https://data.em2030.org

Figure 3.2: Share of women in top 20 countries
for share of professionals with Al skills, 2017 (%)
In descending order for top countries
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Empowerment for the few

Although the top multinational technology companies are
making progress, they are still not even close to closing the
gender gap in technical and leadership roles (Figure 3.3).
Although there has been some progress in the share of women
hired by Google, less than a quarter of technical roles were
filled by women in 2018 (Google, 2018).

We can see the same pattern at another US tech giant, Apple,

the leading manufacturer of computers and smartphones.
Despite implementing measures since 2014 to hire more
women and underrepresented minorities each year, women
made up only 23% of employees in technical roles and 29% in
leadership positions by December 2018 (Apple, 2018).

Amazon, the world’s largest e-commerce marketplace
and cloud computing platform, is also attempting to
correct the gender imbalance. It tracks the numbers and
roles of women and underrepresented minorities among
its employees. However, as of December 2018, only 27%
of its managers around the world were women. When the
company realized, in 2018, that its Al system was not rating
candidates for software developer jobs and other technical
posts in a gender-neutral way (Dastin, 2018), it committed
US$ 50 million to supporting STEM programmes for
underrepresented communities.

Huawei, a Chinese multinational specializing in
telecommunications equipment and electronics, including
smartphones and 5G technology, has launched a host of
initiatives aimed at increasing diversity in the workforce (with
respect to nationality, gender, age, race and religion) by, for
example, emphasizing gender equality in employment and
prohibiting gender bias. However, the ratio of female employees
has remained low: in 2018, women made up only 7% of the

Figure 3.3: Women in technical and leadership roles in selected top multinational

technology companies, 2018-2019
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management team (Huawei, 2019). Neither Huawei nor Amazon
disclose the gender breakdown of their technical workforce.

Similarly, Samsung, the electronic and smart appliance
tech giant from the Republic of Korea, reported in 2019 that
only 17% of the company’s employees working on product
development were women and that women made up only 6%
of executive directors (Samsung Electronics, 2019).

American giant Microsoft, which specializes in developing
and manufacturing computer software, consumer electronics
and personal computers, is making an effort to recruit women
and support their career development. Although the number
of women in technical roles and leadership positions has
progressed in the past few years, it is still hovering around
20% (Microsoft, 2019).

Facebook fares better than its fellow tech giants for the
number of women holding senior leadership positions (33%)
but the percentage of women employed in technical roles
remains low, at 23% (Facebook, 2019). Chief Operating Officer
of the giant US social media and networking company since
2012, Sheryl Sandberg was ranked the eleventh-most powerful
woman in the world in 2019 by Forbes.® In 2013, Sandberg
published her bestselling book Lean in: Women, Work and the
Will to Lead. She followed this with the offshoot Lean in Circles,

a website-based movement to encourage women around the
world to take up positions of influence and power.

Although many women may have been empowered to
act through the Lean In philosophy, Sandberg’s mantra has
come under fire for placing the responsibility for success
on individual women, rather than on pervasive societal
structures around them, such as gender-based pay inequality,
the disproportionate burden of domestic responsibilities
on women and the minimal maternity and family leave
granted by most US workplaces — all of which remain largely
unchanged. ‘Critics questioned the sort of advice that seemed
tailor-made for a particular brand of ambitious, corporate
go-getters bestowed with certain privileges’ (Gibson, 2018).

Taking the directive approach to diversifying board
members

At the World Economic Forum in Davos in January 2020,
Goldman Sachs’' CEO David Solomon told the news station

CNBC that the investment bank would not be taking companies
in the USA and Europe public after 1 July 2020 unless the
company had at least one ‘diverse’ board member, with a focus
on women. Four out of eleven of Goldman Sachs’ own corporate
board members are women. Solomon stated that companies
with greater diversity performed better in the markets. Citing
Goldman Sachs’ data, he added that companies with one diverse
board member had seen a 44% jump in their average share price
within a year of going public, compared to 13% for those with no
diverse board members (Dilts Marshall, 2020).

Similarly, The Pipeline (2020) found that FTSE 350
companies in the UK with no women on their executive
committee had a net profit margin of 1.5%, compared with a
6.9% profit margin for companies with up to 25% of women,
a 10.6% profit margin for companies with 26-49% of women
and a 12.5% profit margin for companies with 50% or more
women on their executive committee.
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This directive approach is gaining traction. It posits that
businesses which fail to take diversity seriously are at risk of
losing the confidence of their investors. In early 2020, for the
third consecutive year, the Investment Association warned
nearly 20% of the 350 British companies participating in
the Hampton Alexander review that they were not on track
to achieve the 33% target for the proportion of women in
boardrooms and on executive committees by 2020.

The Silicon Valley Bank undertook A Women in Technology
Leadership survey in 2019 to measure gender parity in start-
ups in technology and health care in Canada, China the UK
and USA. It found that almost half (46%) had no women at all
in executive positions, 40% had at least one woman on the
board of directors and only 28% at least one woman among
the founders. The report also showed that six in ten start-ups
had programmes designed to boost the number of women in
leadership positions.

In the USA, there is a new tendency to oblige publicly
traded companies by law to have at least one woman on their
board of directors. The State of California has already adopted
a law to this effect: by 2021, boards with five members will be
required to include two women and those with six directors
three women. Bills along the same lines have been drafted
in the states of lllinois, Massachusetts, New Jersey and
Washington (Elsesser, 2020). According to research by the
firm Heidrick and Struggles (2019), in the USA, women made
up 22.5% of corporate boards in Fortune 500 companies in
2018.This figure should gradually improve, since the share of
women appointed to corporate boards more than doubled
between 2009 and 2018 from 18% to 40%.

The European Commission has a policy of promoting
gender balance on the boards of publicly listed EU companies.
This policy is encapsulated in its Strategy for Equality between
Women and Men (2010-2015) and its Strategic Engagement
for Gender Equality (2016-2019). The Commission manages
a database monitoring men and women in leadership
positions. Between 2010 and 2018, the share of women board
members almost doubled from 11.9% to 23.3%, according to
the Commission’s database on women and men in decision-
making. However, just 5.1 % of the largest publicly listed
companies in Europe have a woman CEO.

In Africa, women make up one in four board members
(McKinsey Global Institute, 2019). That is a higher ratio than
either the EU (23%) or Latin America (7%).

Africa keen to embrace Industry 4.0

Currently, most Al experts are based in North America, Europe
and Asia. In Africa, a growing number of governments have
come to recognize the importance of training researchers and
developers in Al. In 2013, a local group of industry practitioners
and researchers began Data Science Africa, an annual
workshop where participants can share resources and ideas. In
2017, another group formed the organization Deep Learning
Indaba, which now has chapters in half of the continent’s 54
countries. IBM Research opened its first African office in Nairobi
in 2013 then a second in Johannesburg in 2016 (see Box 20.3).
The Government of Rwanda established the East African
Institute for Fundamental Research in 2018, which teaches



A number of initiatives in Africa have
been targeting Industry 4.0 fields to
help high-achievers see a future for
themselves in science and engineering.
One example is African Girls Can
Code, a four-year programme launched
in 2018 which aims to teach 2 000
teenage girls digital and business skills
by 2022 through 18 coding camps.
The initiative is a joint programme of
the African Union Commission, UN
Women Ethiopia and the International
Telecommunications Union. The first two
camps in 2018 and 2019 attracted a total
of 570 girls from dozens of countries.

courses in machine learning and data science (see Box 19.9).
UNESCO organized its first-ever major international forum on
Al for Africa in Morocco in December 2018 and Google opened
Africa’s first Al lab in Ghana in 2019 (see Box 18.2).

Typically, African women are less present in this space. They
accounted for only three of the 20 MSc students at the East
African Institute for Fundamental Research in the 2019/2020
academic year, for instance (see Box 19.9). To redress this
balance, a flurry of initiatives have sprung up, including
Women in Tech Africa, based in Accra, Ghana, which hosts
an annual event dedicated to women in machine learning,
and the Nairobi chapter of Women in Machine Learning and
Data Science. Programmes have also been launched at the
national and continental levels to prepare girls for a career in
promising fields (Box 3.3).

Venture capital more elusive for women

Women find it harder than men to obtain venture capital for
tech-based start-ups (WEF, 2016). Companies founded by
women receive only 2.3% of venture capital’ investment,
according to the 2020 Women in Tech Report from TrustRadius,
which surveyed 700 tech companies around the world 2 It also
found that women were almost twice as likely (58%) as men
(31%) to find the gender funding gap for venture capital a
cause for concern.

A 2019 UNESCO survey of women tech entrepreneurs in
Africa found that access to finance was the most commonly
identified barrier to starting a new business (Box 3.4).

In India, close to 38% of start-ups were headed by women
in 2019, according to Amitabh Kant, Chief Executive Officer
of the government think tank Niti Aayog. This compares with
an overall economic participation by Indian women of just
22% (Dewan, 2020). The Strategy for a New India @ 75 (2018)
proposes tax incentives for firms which meet a 30% target
for the share of female employees, along with easy access to
credit for vulnerable female entrepreneurs.

In 2018, Chile introduced the Human Capital for Innovation
in Women'’s Enterprises scheme. It provides tech-based start-
ups founded by women with cofinancing of up to 30 million

At the national level, too, governments
are exploring unconventional ways
to attract girls and young women to
a career in science and engineering.
In December 2019, the Ministry of
Communications announced the three
winners of its first Miss Geek Ghana
competition for budding software
app developers aged 13-25 years*
In addition to cash prizes, the young
women will receive business training and
financial support to develop their socially
innovative project (see chapter 18).

Mali held its first Miss Science
competition in 2018, with UNESCO

support. All 80 contestants were given
computers and mobile phones by the
three Ministries of National Education,
Higher Education and the Promotion
of Women. In an interview, 11-year-old
contestant Coulibaly Seydou spoke of
her passion for mathematics and how
the Miss Science quiz had given her
the confidence to pursue a career as a
mining engineer (see chapter 18).**

Source: compiled by authors
*See: https://msgeek.org.gh/

** See (in French): https:/frunesco.org/news/
premier-concours-miss-science-du-mali

pesos (ca US$ 40 000) to help them hire staff for a given
project, covering 80% of the hiring cost for men and 90% for
women.

Female entrepreneurs account for less than 15% of
companies founded since 2017 in the EU (ESM, 2016). A 2018
State of European Tech report shows that the gender gap is
even wider in venture-backed European start-ups where,
in 2018, women made up just 6% of chief executive officers
and 2% of chief technical officers.

The gender gap is also evident in the European venture
capital industry, where just 13% of decision-makers are
women (Atomico, 2019). Furthermore, the number of female
recipients of this capital investment is negligible: in 2018,
93% of all funds raised by European venture capital-backed
companies went to all-male teams.®

The European Commission has launched initiatives to
compensate, such as the EU Prize for Women Innovators
and a call for female-led EU start-ups that opened in May
2018 as part of the Women in Digital initiative. A European
Commission (2018) study found that only 24 out of every
1 000 female tertiary graduates held a degree in a
subject area related to information and communication
technologies (ICTs) and that only six went on to work in
the digital sector. Of greater concern was the drop in this
proportion since 2011 at 15%. The study also found that
having more women enter the digital job market could
inject an additional € 16 billion into the European economy.

GLOBAL TRENDS IN HIGHER EDUCATION
AND RESEARCH

Too few women studying Industry 4.0 fields

In virtually every country, a growing number of women are
enrolling at university. Globally, women have achieved parity
among graduates at both the bachelor’s (53%) and master’s
(55%) levels. Although many drop out once they get to PhD
level, the threshold required for a career in research, women now
account for 44% of PhD graduates, up from 43% in 2013 (Huyer,
2015).
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In order to understand how African
women entrepreneurs are using
science and technology, UNESCO
commissioned a survey in 2019 of

459 women from ten African countries:
Benin, the Democratic Republic of
Congo, Djibouti, Ghana, Madagascar,
Morocco, Mozambique, Senegal, South
Africa and Tunisia.

Both rural and urban women were
interviewed across different fields of
industry. The majority of women had
started a business in the food sector
(30%) or in clothing and other textiles
(14%), followed by web platforms (8%),
beauty and personal care (7%) and
digital marketing and services (4%).

Although engineers (less than 1%)
and web designers (8%) made up a
small share of the group surveyed,
over 80% of respondents said that they
used science or technology on a daily
basis. About 25% had innovated by
developing a new process or product.

Patenting was well understood but
not always sought after, usually due
to the cost or administrative burden.

On average, 12% of entrepreneurs held a
patent. Ghanaian women were the most
likely to have patented their process

or product, with over half reporting an
invention and 19% having registered a
patent.

Women from the Democratic Republic
of Congo were most likely (91%) to have
heard of a local innovation hub and to
have been assisted by one (69%). They
were followed by Ghanaians, with 57% and
25%, respectively. On average, 41% of the
entrepreneurs knew of the existence of a
local innovation hub but only 26% had
been assisted by a start-up incubator in
launching their business. It was common
for the entrepreneurs to assume that they
did not qualify for this form of support.

Access to finance was the most
commonly identified barrier to starting
a new business, faced by 67% of
respondents. Only 18% reported having
obtained a bank loan and less than 2%
had accessed microfinance. Banks remain
reluctant to finance start-ups, which they
consider a risky investment, and women
often lack sufficient financial guarantees;

their home may be registered in their
husband’s name, for instance. Some
respondents have also hesitated to
invest in their own company over
concerns about political instability in
their country.

Some 17% of the women had faced
challenges in obtaining premises or land
for their business, the second-greatest
barrier reported after lack
of access to finance. Being able to rent
office space was considered vital for both
practical and societal reasons, because
'‘people are sensitive to appearances and
therefore [if we] make an appointment
[with a client] in a cafe, they do not take
us seriously”

Only 10% of respondents cited social
or family resistance to their project,
although many recalled their
determination to turn a blind eye to
criticism. Encouragingly, 84% said that
their partner was either supportive or
very supportive of their project.

Source: UNESCO and Africa Women's Forum (2021)

Challenges and Opportunities for Women Entrepreneurs
in Africa: a Survey of Science and Technology Usage

Overall, female graduates are still overrepresented in
most countries in the arts and humanities, journalism and
information, social sciences and health and welfare
(Table 3.1). A range of actors have come up with creative ways
of attracting more girls and women to the study of science
and engineering. Here are some examples:

In 2016, Zimbabwe introduced free tuition and boarding
fees for students in public schools taking advanced-level
science subjects (see chapter 20).

In 2018, the multinational corporation Intel began inviting
Costa Rican pupils in their penultimate year of secondary
school to their offices to hear company engineers tell their
life story and interact with them.

The Shilpa Sayura Foundation’s extracurricular NextGen Girls
in Technology programme provided 1 051 young women
and 506 secondary school teachers across Sri Lanka with
skills in machine learning, cybersecurity, design and other
areas over the two years to 2020, through online and in situ
courses. The foundation was awarded the UNESCO Prize for
Women'’s and Girls’ Educationin 2020.

Afghanistan’s Higher Education Development Project

is striving for a fairer participation by women. Of the

336 scholarships awarded in 2018 to master’s students in
priority disciplines dominated by science and engineering,
35% targeted women (see chapter 21).
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The percentage of women graduating in computer science
has actually decreased in the USA: according to the National
Science Foundation, the percentage rose to 37% in 1984,
around the same time that personal computers became
popular, but has since declined to 18% (AAUW, 2018).

Israel considers computer science to be an essential subject
and has allocated funds to augmenting the 32% share of women
among students of mathematics, statistics and computer
sciences in 2017. According to data from the Israeli Council for
Higher Education, the number of women studying computer
science at tertiary level has already almost doubled in eight years,
from 2 658 (2009) to 5 237 (2017) [see chapter 16].

Many of the countries displaying gender parity among
graduates in ICTs and other STEM fields have majority-Muslim
populations (Table 3.1). Azerbaijan, Kuwait and Malaysia have
some of the highest ratios of female engineers in the world
(Table 3.2). At the Mohammed bin Rashid Space Centre in the
United Arab Emirates, four in ten employees are women. The
lead scientist is 33-year-old Dr Sarah Al Amiri, who served as
deputy manager of the project which sent the Hope Probe
into Mars’ orbit on 14 July 2020 from a launch site in Japan.The
country's youthful space industry — the average age of staff at
the centre is 27 years — is one outcome of the government’s
drive to ‘emiratize’ the country’s skilled workforce, in order to
reduce reliance on foreign expatriates (see chapter 17).

In the Republic of Korea , more women are enrolling in
engineering programmes than ever before; they accounted



for 25% of student admissions in 2017, up from 22% in 2014.
However, the Fourth Basic Plan for Women Scientists and
Engineers notes low ratios of female graduates in high-demand
sectors such as the automotive (4.0%), mechanical (7.9%),
electrical (9.2%) and electronics (13.4%) industries. To address
these shortages, the government is introducing measures

to accompany women throughout their career, such as the
provision of child care. The Fourth Basic Plan for Women Scientists
and Engineers sets a target of raising the proportion of female
scientists and engineers in their forties participating in the
economy from 61% in 2017 to 70% by 2023 (see chapter 25).

More women researchers worldwide
Globally, women make up 33.3% of researchers (in head counts),
according to data from the UNESCO Institute for Statistics for
107 countries covering the years 2015-2018 (Figure 3.4). This
is a much higher proportion than five years ago (28.4%) but
large data gaps remain. Sex-disaggregated data on researchers
are not being collected regularly by most countries in the
Caribbean, Oceania, South Asia, Southeast Asia and sub-Saharan
Africa, for instance, or by the populous countries of Bangladesh,
Brazil, India and Nigeria. Moreover, UNESCO estimates exclude
North America and China on account of the international
incomparability of these data. UNESCO is among those that have
been conducting surveys to document the pressures that inhibit
the regular collection of sex-disaggregated data (Box 3.5).

The observed data gaps make it difficult to draw
conclusions for most regions. There are sufficient data,

however, to confirm the trend observed in the previous
UNESCO Science Report (Huyer, 2015) towards gender parity
in Central Asia, Southeast Europe and Latin America and

the Caribbean. These regions are home to 10 of the top

20 countries for the share of women researchers, namely
Venezuela (61%), Trinidad and Tobago (56%), Argentina
(54%), North Macedonia and Kazakhstan (53%), Serbia (51%),
Montenegro (50%), Cuba, Paraguay and Uruguay (49%).

The persistently high ratio of women researchers in many
European and Asian countries is a legacy of the Soviet Union,
which valued gender equality. This is true, for example, of
Azerbaijan (59%), Georgia and Kazakhstan (53%), Serbia (51%)
and Armenia (50%).

In South and Southeast Asia, a growing number of
countries have achieved gender parity. This is the case for
Malaysia, Myanmar and Thailand, for instance. The most
recent addition is Sri Lanka, where women accounted for 46%
of researchers in 2015, up from 24% in 2006.

In sub-Saharan Africa, South Africa has attained gender
parity, with women accounting for 45% of researchers since
2015. Mauritius also attained gender parity in 2015 but has
since shed a percentage point. Senegal stands out for having
raised the share of women from 10% to 29% of the research
pool between 2006 and 2015.

A growing number of Arab countries have attained gender
parity. Many have made remarkable progress over a short space
of time, including Algeria (from 35% in 2005 to 47% in 2017),
Egypt (from 36% in 2007 to 46% in 2018) and Kuwait (from 23%

Data on the participation of women
in the mathematical and natural
sciences are scattered, outdated
and inconsistent across regions and
research fields.

UNESCO launched its STEM and
ender Advancement (SAGA) project
in 2015, with funding from the
Swedish International Development
Agency, to help policy-makers draft,
implement and monitor policies
promoting gender equality in science
and engineering using innovative
indicators.

Each participating country shared
a common dilemma: the presence
of women diminished as researchers
progressed in their career towards
more senior positions.

SAGA developed a methodology
for improving evidence-based policies
which included different tools,
such as the SAGA Indicator Matrix
containing innovative indicators
and a questionnaire to understand

the drivers of careers in science and
engineering and barriers to these. This
questionnaire was subsequently adapted
by the Gender Gap project* to survey
more than 40 000 scientists worldwide
with a view to informing policy.

Between 2015 and 2019, the SAGA
project trained over 350 policy-makers
from 26 countries in measuring gender
equality in science, technology and
innovation using the SAGA Indicator
Matrix. This resulted in reports on the
status of women in science and policy
gaps being submitted by Argentina, The
Gambia, Haiti, Sudan, Thailand, Uruguay
and the Canadian Province of Quebec.
An updated online inventory of policies
and related instruments was established,
the SAGA Online Database.

In pilot countries, governments
established inter-institutional
committees on gender equality in STEM.
This was an important step, as policy
dialogue has proven to be a strong
incentive for reform.

Some participating countries have
since included gender equality in
science and engineering in their
broader strategies, laws and planning
documents, such as Argentina’s Third
Open Government National Plan and
the science bill before the Gambian
parliament in 2020.

Countries have also reinforced
institutional support, such as through
the gender unit established in 2019
within the Gambian Ministry of Higher
Education, Research, Science And
Technology or through the new
UNESCO Chair in Women and Science
for Development at Haiti's Institute of
Science, Technology and Advanced
Studies.

Source: Alessandro Bello;
see: https://en.unesco.org/saga

*Funded by the International Science Council

in Paris (France), the Gender Gap project

involved ten of its member unions, including the
International Mathematic Union and International
Union for Pure and Applied Chemistry.
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Table 3.1: Share of female tertiary graduates by field, 2018 (%)

Social Business,
Agriculture Engineering Hwe:llftahre& sI:iaet:::Is ICTs sciences & admin. & hu::::ﬁ(ies

journalism law
Albania ____

Algeria

Angola®

Armenia
Australia”

Austria?
Azerbaijan
Bahrain
Bangladesh
Belarus

Belgium

Belize

Benin3

Bosnia & Herzegovina
Botswana™

Brazil!

Brunei Darussalam
Bulgaria™

Burkina Faso
Burundi™

Cabo Verde
Cambodia3
Cameroon
Canada?

Chile" . 780 465 127

667
Colombia w7 346 21 42 233 .67 85
Comoros* = = _ = = = = =
Congo” 29 157 30 29 267 M9 488 370
Congo, Dem. Rep. > . 289 98 458 326
Costa Rica
Croatia™
Cuba?
Cyprus™
Czech Rep”’
Denmark!
Dominican Rep-!
Ecuador?
Egypt?
El Salvador
Eritrea?
Estonia™
Finland™
France?
Georgia™'
Germany'
Ghana
Greece™
Grenada
Guatemala?
Honduras
Hungary
India
Indonesia
Iran
Ireland?
Italy™?
Japan™
Jordan
Kazakhstan*'
Kenya?

Share of women <15% || 15-25% || 251-35% | 35.1-45% | 45.1-55% [0 >55%
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Korea, DPR
Korea, Rep.™!
Kyrgyzstan
Lao PDR
Latvia’
Lesotho
Lithuania™
Luxembourg?
Madagascar
Malaysia
Malta™
Mauritania™
Mauritius™
Mexico™!
Moldova, Rep.
Mongolia
Morocco™
Mozambique
Myanmar
Namibia™
Netherlands™
New Zealand™
Niger

North Macedonia™
Norway
Oman
Palestine
Panama?
Peru”
Philippines™
Poland?!
Portugal”
Qatar
Romania?
Rwanda
Saudi Arabia
Serbia
Singapore™
Slovakia™
Slovenia™
South Africa™
Spain!

Sri Lanka
Sudan?
Sweden
Switzerland™'
Syria?
Thailand?
Tunisia
Turkey™*
United Arab Emirates™
Ukraine

UK?
Uruguay™
USA?
Uzbekistan
VietNam?
Zimbabwe

Agriculture Engineering  Health & Natural ICTs Social Business, Arts &
welfare sciences sciences & admin. & humanities
journalism law

-n: data refer to n years before reference year
Source: UNESCO Institute for Statistics
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in 2008 to 53% in 2018). Tunisia now has a slight imbalance handful are OECD members, including Iceland, Latvia and

in favour of women in its research ecosystem (56%). Also Lithuania (Figure 3.4). Other OECD countries still have a
of note is the rapid progress made by Oman between 2015 strikingly low proportion of women researchers, including
(28%) and 2018 (36%). Among those countries reporting the Republic of Korea (20%) and Japan (17%), which also
data in the Arab world, only Jordan (20%) and Mauitania have the largest gender pay gaps among OECD countries
(24%) fall below the global average. (see chapters 24 and 25). In France and Germany, just over
one in four researchers (28%) is a woman, less than the
Many OECD countries have a low density of female global average (33%).
researchers Even OECD countries leading in gender equality rankings
There is no guaranteed correlation between a country’s (WEF, 2018b) have a share of women researchers that hovers
wealth and its success in achieving gender parity. around the global average; such as Finland (33%), Norway
Among countries having reached this status, only a (38%) and Sweden (33%). By contrast, in a least developed

Table 3.2: Female researchers as a share of total researchers (HC) by field, 2018 (%)

Total Natural sciences E:g:::z::‘ggy& Health & welfare Ags‘r:ii:t:::::al Soﬁ:::;::;? &
Algeria ™ 47.1 7.7 427 60.3 51.8 50.9
Angola~ 28.7 324 19.4 50.9 25.0 229
Armenia 50.4 46.5 421 65.2 594 58.5
Azerbaijan 58.6 61.4 52.0 50.0 428 64.2
Belarus 39.3 48.9 28.7 68.0 57.4 60.0
Bosnia & Herzegovina 47.1 48.7 37.0 62.7 47.6 524
Brunei Darussalam 45.2 40.7 287 66.2 333 48.1
Burkina Faso ' 17.0 17.4 16.9 18.4 12.1 15.8
Burundi 143 14.5 8.1 21.7 12.8 15.2
Cambodia 3 23.7 23.0 14.8 31.6 20.8 27.4
Chad 2 34 8.7 0.7 55 59 59
Colombia ! 37.4 343 25.6 48.6 314 414
Congo, Dem. Rep.? 8.7 8.2 134 15.0 7.6 6.2
Costa Rica ! 443 41.2 24.0 553 36.7 56.1
Cote d'lvoire ? 17.0 15.4 9.6 234 14.6 14.7
Egypt 45.6 40.6 289 489 353 54.6
El Salvador ! 38.6 46.0 216 63.2 16.7 414
Eswatini 2 414 11.1 29.2 63.2 293 50.5
Ethiopia 1.5 14.1 1.5 13.4 12.0 8.8
Gambia 27.2 37.5 = 28.8 18.2 50.0
Georgia 53.0 46.6 38.2 63.0 50.2 59.1
Ghana 3 26.1 9.3 6.8 11.2 24.7 40.8
Guatemala™ 439 44.1 30.6 72.0 22.1 46.7
Honduras 36.4 439 215 45.8 30.8 47.4
Iran ! 31.2 43.0 18.6 46.9 27.6 31.9
Iraq 38.1 454 31.6 45.5 26.0 37.5
Japan 3 16.6 13.6 5.6 31.9 224 327
Jordan™' 19.5 17.8 16.8 37.1 21.5 229
Kazakhstan 52.8 53.4 44.0 65.3 48.9 60.2
Korea, Rep. 3 20.4 28.3 10.6 459 27.3 43.1
Kuwait 53.2 58.5 47.3 57.6 26.9 53.1
Kyrgyzstan ! 46.5 449 333 49.1 444 54.5
Latvia ™! 52.2 47.6 374 67.3 58.7 70.1
Lesotho * 36.4 39.7 103 333 60.9 40.0
Share of women <15% 15-25% 25.1-35% 35.1-45% 45.1-55% >55%
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country like Myanmar, women consistently make up more
than 80% of researchers and dominate senior positions in
academia (Figure 3.4).

Women still a minority among researchers in industry
Female researchers have now reached parity in the
government and academic sectors in four out of ten countries
reporting data. In 2018, Ireland took the step of linking
research funding from the Higher Education Authority to an
institution’s ability to reduce gender inequality.

Men tend to be overrepresented in the business sector,
where salaries are higher (Figure 3.5). This is true even for

Total Natural sciences

technology sciences

Lithuania "'
Madagascar
Malaysia *
Mali !
Mauritania
Mauritius
Moldova, Rep.
Mongolia
Montenegro
Morocco 2
Mozambique
Myanmar !
North Macedonia
Oman
Pakistan '
Papua New Guinea *
Paraguay '
Peru
Philippines *
Qatar

Russian Fed.
Rwanda 2
Senegal 2
Serbia

Sri Lanka
Syria
Tajikistan

_
—_
N
o
wv

Togo

Trinidad & Tobago !
Ukraine

Uruguay
Uzbekistan

Venezuela?

-n: data refer to n years before reference year

Engineering &

those countries that have reached gender parity across all
sectors. Indeed, only eight countries have reached parity
in the business sector out of the 73 for which recent data
are available: Algeria, Azerbaijan, Kazakhstan, Kyrgyzstan,
Mozambique, North Macedonia, Sri Lanka and Trinidad and
Tobago. Of these countries, women are overrepresented in
three: Azerbaijan, North Macedonia and Trinidad and Tobago.
The percentage of women in the business sector is
particularly low in OECD countries, with a few exceptions,
such as Iceland, Latvia, Lithuania and Spain, where women
account for about 30-40% of researchers in industry.
Elsewhere, fewer than one in four researchers is a woman in

Social sciences &
humanities

Health & welfare Agricultural

12.1

10.2 10.7 8.5 13.0

Note: Countries with data older than 2015 for female researchers by field are excluded, including much of the EU.

Source: UNESCO Institute for Statistics
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the business world. In some cases, the percentage is even
lower, such as in Germany (15%), Japan (10%) and Saudi
Arabia (2%).

Few female engineers in the workforce

When it comes to engineering, the trends analysed earlier
with regard to higher education are even more pronounced
in the research community: in many countries, women are
overrepresented in medical and health sciences, humanities,
social sciences and the arts (Table 3.2). Only a handful of
countries (Azerbaijan, Kuwait, Malaysia, Myanmar and
Venezuela) have achieved gender parity among researchers in
engineering and technology (Table 3.2).

The vast majority of countries reporting the lowest
proportions of women researchers in engineering and
technology are African, with the notable exception of Japan,
where the proportion (6% in 2015) is much lower than for any
other OECD country. Senegal is actively seeking to turn the
situation around. National research funding is targeting the
advancement of women through the Project for Supporting
Female University Researchers in Senegal (see chapter 18).

By 2015, 20% of Senegalese researchers in engineering and
technology were women.

African female engineers less mobile than men
Mobility tends to be beneficial for a researcher’s output
and career. In a recent survey of 7 513 African scientists, the
largest gender difference in mobility was found in the field of
engineering and applied technologies: here, 85% of women
but only 63% of men had obtained their PhD in Africa and
only 23% of female respondents had studied or worked
abroad in the past three years (Prozesky and Beaudry, 2019).
Mobile African women were more likely to collaborate
internationally: 47% of mobile and 35% of non-mobile
female researchers collaborated regularly with researchers
at institutions outside Africa. Mobile women were also more

likely than their non-mobile female peers to have been
primary recipients of research funding, at 54% versus 45%
(Prozesky and Beaudry, 2019).

Fellowships for women in the South
To facilitate scientific mobility, the Organization for Women
in Science for the Developing World has partnered with the
Swedish International Development Cooperation Agency
since 1998 to award South to South PhD Fellowships to
enable women from least developed countries to study in
another developing country. By 2020, over 300 women from
30 countries participating in the programme had graduated.
The organization also helps female scientists to maintain
high-level research in their home countries. Since 2018,
it has offered 61 Early Career Fellowships in partnership
with the Canadian International Development Research
Centre. Fellows may use the grant to set up a laboratory, buy
equipment and consumables, invite visiting scholars, attend
conferences, publish in open-access journals, buy software,
develop a patent and pay for child or elder parent care.
Training in leadership skills and in linking with industry is built
into the programme.

Women remain a minority among inventors

Despite 2019 having marked a record high for the percentage
of patent applications that include at least one woman,
women still make up just 19% of inventors (Figure 3.6).
Progress may have been slow but at least it has been steady;
women accounted for 14% of inventors in 2013.

The global average for international (Patent Cooperation
Treaty, PCT) patent applications submitted by at least one
female inventor increased from 28% to 35% between 2010 and
2019, according to data from the World Intellectual Property
Organization (WIPO) [Figure 3.7]. The only region not affected
by this change was Africa. This ratio compares with 20% of filed
patents counting at least one female inventor in 2000.

Figure 3.5: Share of women among researchers in the business enterprise sector,

2018 or closest year (%)
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Figure 3.6: Share of Patent Cooperation Treaty applications with female innovators,

2008-2019

e=(Ome==_Share of applications with at least one female inventor (%)
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Source:: World Intellectual Property Organization, May 2020, see: https://www.wipo.int/pct/

The share of female inventors among patent applicants
varies from one country to another: in 2019, the highest
proportions of women were found in Iran (70%), Antigua
and Barbuda (64%), China (55%), the Republic of Korea (51%)
and Sri Lanka (47%), whereas the countries with the lowest
proportions were Serbia (7%), Oman and Romania (both 8%).

Although women account for only 17% of researchers in
Japan, 23% of PCT patent applications from Japan included
at least one female inventor in 2019, the same proportion as
Sweden, where one-third of researchers are women.

There is also a large variation by year. For instance, of all the
patents filed in Uruguay, 70% included at least one female

inventor in 2018 but only 45% in 2019, according to WIPO data.

These trends reflect the picture we have already observed
in higher education and at the research level: fields related to
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life sciences have a higher uptake among female inventors.
More than half of PCT applications included at least one
female inventor in 2019 in the fields of biotechnology, organic
fine chemistry, pharmaceuticals, the analysis of biological
materials and food chemistry (Figure 3.7).

Although the number of PCT applications by women has
grown in every field in the past decade, their share remains
below 20% in fields related to engineering, such as civil
engineering (18%), machine tools (18%), mechanical elements
(16%) and engines, pumps and turbines (16%).

According to WIPO, female inventors are proportionally
more internationally mobile than men, although men are
closing this gap. Men are also more likely than women to
participate in registering patents with a larger group of
inventors (WIPO, 2016).
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Figure 3.7: Share of Patent Cooperation Treaty applications with at least one woman inventor
by technology, 2010 and 2019 (%)
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VERTICAL SEGREGATION IN ACADEMIA

career that the gender gap widens. Their presence becomes
increasingly rarefied as they reach the higher echelons of
research governance structures, such as academies of science
(Box 3.6) or science councils.

Although women account for four out of ten academics
worldwide, they often face an impenetrable glass ceiling.

An impenetrable glass ceiling?

As we saw earlier, women have now largely achieved gender
parity at university, although they remain a minority in
Industry 4.0 fields. It is as women embark upon a scientific

Box 3.6: Women still a minority in academies of science

Members of science academies

are elected on the basis of agreed
academic indicators of scientific
excellence. The number of women
among members of a national academy
of sciences can serve as a litmus test of
the perception and status of women
scientists in a given country.

In October 2015, the Interacademy
Partnership published the first
comprehensive survey of science
academies belonging to its global
network, in order to ascertain the
extent of inclusion and participation of
women scientists. Across 69 national
science academies for which data
were available, (Figure 3.8) women
made up 10% or less of members in
almost half (30) of countries. In most

European countries (8), only one out of
10 members was a woman. Women were
better represented in the governing
bodies (20%) of academies than in
overall membership (12%).

Among the top 10 academies for the
share of female members, six are from
Latin America and the Caribbean: Cuba
(27%), the Caribbean Academy of
Science (26%,) Mexico and Nicaragua
(23%), Peru (20%) and Uruguay (19%).

That women should remain severely
underrepresented in national science
academies is a major challenge, since
these academies often form the
backbone of efforts to strengthen
countries'national innovation systems.

The survey also found that women
academicians were better represented

in the social sciences, humanities and
arts (16%), biological sciences (15%)
and medical and health sciences (14%).
The lowest percentages of women
academicians were to be found in
mathematical (6%) and engineering
sciences (5%).

In the year following the report, the
Royal Netherlands Academy of Arts
and Sciences took the radical step of
accepting only female nominations for
membership to reduce the Academy’s
perpetual gender imbalance: at the
time, men accounted for 87% of its
556 members.

Source: compiled by Tonya Blowers, particularly
from ASSAf and IAP (2015) Women for Science:
Inclusion and Participation in Academies of Science.
Academy of Science of South Africa: Pretoria

Figure 3.8: Share of female members of national science academies, 2013 (%)
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Note: For each country aside from Switzerland, the data reflect one academy of science; for Switzerland, the data reflect the combined membership of the Swiss Academy of
Medical Sciences (17% women) and the Swiss Academy of Engineering Sciences (10% women).

Source: ASSAf (2015) Women for Science: Inclusion and Participation in Academies of Science: a Survey of the Members of IAP: the Global Network of Science Academies. Academy
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Figure 3.9: The career pyramid: 24 case studies

Share of female researchers by seniority grade (HC), 2018 (%)

20.0 5.7 7.8 5.9 28.8

15.2 13.8 43.6

Algeria™ Brunei Darussalam Burkina Faso™ Burundi Canada
22.6 2.6 14.0 26.7 355
26.7 21 15.5 29.4 39.4
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24 19.2 236 30.0 24
40 341 209 314 6.2
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41.8 23.2 6.9 35.7 327
46.0 30.8 387
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-n: data refer to n years before reference year
Note: Seniority levels are classified as follows:

Category A: the single highest grade/post at which research is normally conducted. Examples: Director of Research or Full Professor.
Category B: researchers working in positions that do not qualify as Category A but are more senior than newly qualified doctoral graduates. Examples: Senior Researcher,
Principal Investigator or Associate Professor.

] Category C: the first grade/post into which a newly qualified doctoral graduate would normally be recruited. Examples: Researcher, Investigator, Assistant Professor or
Post-doctoral Fellow.

. Category D: either doctoral students who are engaged as researchers or researchers working in posts that do not normally require a doctorate. Examples: PhD student
or Junior Researcher. Master's students counted as researchers would also fall into this category.

Source: UNESCO Institute for Statistics; for Switzerland: Federal Bureau of Statistics; for European Union: EC (2019b)
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The representation of women decreases with the level of
seniority. This vertical segregation can be encountered in
almost every country and not only in science. Although data
by seniority are available for only a score of countries and
comparisons of women by seniority grade are unreliable
owing to variations across countries, the data available clearly
point to this trend, with a few notable exceptions such as
Mozambique and Myanmar (Figure 3.9).

Considered a world leader in innovation, Switzerland is
still mired in gender inequality. By 2016, the country’s
12 universities had established equality action plans with
the explicit goal of increasing the percentage of women on
different rungs of the academic ladder (Figure 3.9). Most
Swiss universities have introduced gender-specific requests
in advertising positions, minimum quotas and at least
one equality delegate on appointment committees. Most
have also introduced preference rules favouring the less-
represented gender in the hiring process, as long as both
candidates are equally competent. Despite these efforts, the
target set in the Federal Equal Opportunity Programme of
having women make up 25% of full professors by 2017 has
been missed. The trend for new appointments offers cause
for optimism, however, since women represented 33% of new
hires in 2016, according to swissuniversities, a lobby group for
14 Swiss universities.'

Gillian Norton, chair of the trust that runs St George's
University Hospital in London, one of the largest in Europe,
observed in 2020 that ‘if you are a woman even now, | would
say you have to work harder, be more on the ball and be more
persistent to get to senior levels than men have had to be in
the past’ In 2020, women represented 77% of the National
Health Service’s 1.4 million employees and 46% of those in
executive roles but only 29% of medical directors - albeit an
improvement on 25% in 2017 (NHS Confederation, 2020).

Tougher standards for women

Career prospects for female researchers remain daunting.
Women are held to tougher standards for funding
applications, peer review, tenure review and job applications
(Brower and James, 2020; Witteman et al., 2019; Kaatz et al.,
2016; Hengel, 2017).

The calibre of women is often underestimated, even
though they show greater and faster rates of improvement
throughout their career, in terms of writing standards and
contributions to research (Brower and James, 2020; Hengel,
2017). They are typically given smaller research grants. In
Argentina, for instance, female researchers who led scientific
projects in 2015 tended to request and receive 25% less in
funding than their male counterparts (UNESCO, 2018).

It has been demonstrated that women are as productive
as men in terms of research output but tend to have shorter
careers, with greater rates of departure at each stage of their
career (Huang et al., 2020). The difficulty in balancing work
and family has been documented as one reason why women
cut short their research career.

The gender pay gap in academia may be another reason
(Box 3.7). In October 2020, Princeton University in the USA
agreed to award backpay totalling US$ 925 000 to 106 women
occupying the position of full professor, in a settlement
with the Department of Labor over alleged gender pay
discrimination. The university considered that its pay model
by academic discipline accurately reflected the labour market
but agreed to conduct annual equity reviews of salaries for all
full professors over the years to 2025 (Tomlinson, 2020).

Article 24 of the UNESCO Recommendation on Science and
Scientific Researchers (2017) urges member states to ensure
that scientific researchers enjoy equitable conditions of
work, recruitment and promotion, appraisal, training and pay
without discrimination on the basis of their sex.

New Zealand is the only country that
scores the research performance of
every academic using a common metric.

The government’s Performance-
based Research Fund tracks an
academic’s publication record
alongside factors that include peer
esteem, student supervision, public
dissemination and non-publication
contributions to research. The scores
are calibrated to account for potential
variations among academic fields.

In parallel, New Zealand uses a
clear pay scale across all universities.
Although both an academic’s pay and
score are confidential, the standardized
metrics make it possible to analyse the
impact of a researcher’s career and their
quality of life within the science system.

Brower and James (2020) were, thus,
able to analyse data from 2003 to 2012
for all researchers in New Zealand. They
found that each female academic was
paid, on average, NZ$ 400 000 less than
her male colleague over the course of her
career. About half of this gap could be
explained by differences in age, research
prowess and field of expertise.

However, men still progressed farther in
their career and earned greater pay than
women who obtained the same score,
with the pay gap varying among fields.

In engineering, for example, 58% of the
pay gap was unexplained by research
performance.

Brower and James (2020) tested several
common explanations for the gender pay
gap at university. They found that effort

alone did not suffice for a woman to
catch up. Among researchers at an early
stage of their career, women improved
their research scores by 13 points more
than men, on average between 2003
and 2012, but still stood a lesser chance
of being promoted.

The authors found that'a man's odds
of being ranked professor or associate
professor were more than double a
woman'’s with a similar recent research
score, age, field and university"

They concluded that no field of
science would achieve gender parity by
2070 under current hiring practices.

Source: Brower and James (2020)
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In the Republic of Korea, research expenditure per senior
researcher amounted to KRW 200 million (ca US$ 190 000) for

women and KRW 410 million for men in 2017 (see chapter 25).

The Ministry of Science and Information and Communication
Technologies uses a point system to assess research grant
applications. Under the Fourth Basic Plan for Fostering Women
in STEM for 2019-2023, bonus points are being allocated to
projects which respect at least one of the following criteria:
the supervising manager is a woman; women account for
more than 20% of participating researchers; or women
account for more than 20% of participating researchers in

the supervising organization. The ministry also allocates 20%
of its total research expenditure to female senior researchers
in ‘veteran researcher assistance projects, providing

KRW 50-300 million over one to five years. This practice

is to be adopted by non-profit organizations and other
government ministries by 2023.

Less visibility for female academics

Vertical segregation, with a low percentage of women in
higher and senior academic positions, is partly a result of
reduced visibility, owing to the lower number of papers

Box 3.8: The world needs science and science needs women

For the past 20 years, the LOréal-
UNESCO Programme for Women in
Science has been raising the profile
of exceptional women researchers
through a system of annual prizes
and research fellowships, in order
to change attitudes towards female
researchers and provide young
girls with positive role models. The
programme’s slogan is ‘the world

needs science; science needs women'’

In 2019, the programme extended
its own international prizes and
fellowships to include mathematics

and computer science, in recognition
of the lack of visibility of female role
models in fields which are at the heart
of the Fourth Industrial Revolution. Two
mathematicians figure among the five
regional laureates of the 2019 edition of
the prize, Claire Voisin (France) and Ingrid
Daubechies (USA). Each of these five
laureates took home € 100 000.

Among the 15 rising talents
distinguished by 'Oréal and UNESCO
in 2020, one is a mathematician (Olena
Vaneeva from Ukraine), two are physicists
(Huangian Loh from Singapore and Paula

Giraldo Gallo from Colombia) and one
is a material engineer (Vida Engmann
from Denmark).

Four Nobel Prize winners,
Emmanuelle Charpentier (Chemistry,
2020), Jennifer A. Doudna (Chemistry,
2020), Ada Yonath (Chemistry, 2009)
and Elizabeth Blackburn (Physiology
and Medicine, 2009) were nominated
after being distinguished by the
'Oréal-UNESCO Awards for Women in
Science.

Source: UNESCO

Dr Nazek El-Atab in her laboratory in Saudi Arabia. Dr El-Atab’s research focuses on the fabrication of 3D nanotube-based nano-electronics for implantation in the brain. Brain
implants could enable the deaf to hear, the blind to see and the paralyzed to control robotic arms and legs. Her work is tackling the major problem of maintaining sufficient
data memory in tiny electronic devices. Dr El-Atab is a Postdoctoral Research Fellow at the King Abdullah University of Science and Technology. In 2017, she won the L'Oréal-
UNESCO For Women in Science International Rising Talent award. © 'Oréal Middle East
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published by women (de Kleijn et al., 2020). This difference

is related to women'’s shorter careers, despite similar
publication output per career year (Huang et al., 2020).
Although publication in high-profile journals is a key factor in
career advancement, female authors have been persistently
underrepresented.

An analysis of nearly 3 million computer science papers
published in the USA between 1970 and 2018 concluded that
gender parity would not be reached in this field until at least
2100, even under a scenario in which women authored 90%
of all publications in the coming years. The authors noted
that, in comparison, gender parity in the biomedical literature
was attainable within three decades. Co-authorship by men
and women in computer science had actually decreased since
1970. Although both men and women were more likely to
collaborate with authors of their own gender, the degree of
same-gender preference was declining among female authors
even as it rose among male authors (Wang et al. 2019).

Women are less likely than men to be first or last authors
and women-authored publications receive fewer citations.
Since having a low citation rate negatively affects a journal’s
impact factor, this can discourage publishers from accepting
women-authored papers for publication (Wang et al., 2019; de
Klein et al., 2020; Shen et al., 2018). In clinical and basic science
journals, female authors are less likely to be listed as first
author (Aakhus et al., 2018).

Gender bias can also be found in the peer-review process.
A study analysing over 23 000 research manuscripts
submitted to six journals in ecology and evolution from 2010
to 2015 found that, on average, women received slightly
worse scores and were more likely to be rejected during peer
review (Fox and Paine, 2019).

Being invited to give keynote and plenary presentations
provides recognition of scientific excellence and visibility;
however, female scientists are invited and assigned oral
presentations less often than men (Ford et al., 2018; Farr et al.,
2017). Men are invited to speak on scientific panels at twice
the rate of women. An analysis of attendance rates at the
world’s top machine-learning conferences in 2019 found that
just 18% of participants overall were women, with the
19% average for academia inching ahead of the 16% average
for industry (Kiser and Mantha, 2019).

The Request a Woman Scientist database is one response
to this trend. Part of the 500 Women Scientists organization,
this database connects a multidisciplinary network of vetted
women in science with anyone who needs to consult, invite,
collaborate with or identify a female specialist (McCartney,
2019).

Prestigious prizes are another way to showcase excellence
and, thereby, challenge negative stereotypes about women
in science. One example is the L'Oréal-UNESCO Programme
for Women in Science (Box 3.8). The Awards for Early Career
Women Scientists are another; since 2013, the Organization
for Women in Science for the Developing World has teamed
up with the Elsevier Foundation to present these annual
awards to five women from developing countries who
have overcome considerable obstacles to achieve research
excellence.

CONCLUSION

Women still a minority in Industry 4.0 fields

There are signs that women are inching closer to parity in
science, at least in terms of numbers. In higher education,
they have achieved parity (45-55%) at the bachelor’s and
master’s levels of study and are on the cusp at PhD level
(44%). Women accounted for 33% of researchers in 2018, up
from 28% in 2013. In many countries, they have achieved
parity in life sciences, or even dominate the field.

However, women remain a minority in digital information
technology, computing, physics, mathematics and
engineering, the very fields that are driving the Fourth
Industrial Revolution and, thus, many of the jobs of tomorrow.
This trend is all the more problematic in that there is a skills
shortage in many of these very fields, such as in artificial
intelligence. This trend suggests that progress towards
righting the gender imbalance could be compromised, unless
strenuous efforts are made at the government, academic and
corporate levels not only to attract girls and women to these
fields but, above all, to retain them.

Women are leaving tech fields in greater numbers than
men. They cite workplace conditions, lack of access to creative
roles and a stalled career as the primary reasons for their
decision. This correlates with their underrepresentation in
company leadership and technical roles, even if corporate
attitudes are evolving as studies link investor confidence and
greater profit margins to having a diverse workforce. Be they
large corporations or start-ups, the picture is similar. A 2019
study by the Silicon Valley Bank of start-ups in technology
and health care in Canada, China, the UK and USA found that
almost half (46%) had no women at all in executive positions.

Even when women lead start-ups in tech fields, they
struggle to access venture capital and other forms of financial
support. Just 2.3% of venture capital is being channelled
towards start-ups led by women, according to a 2020 global
survey of 700 firms by Trustradius.

In academia, women tend to receive less grant funding, even
though they are as productive as men. On an annual basis, they
publish as much as men but are less likely to publish in high-
profile journals or to be first or last authors. Women-authored
publications receive fewer citations. Women are passed over for
promotion. One New Zealand study found that‘a man’s odds of
being ranked professor or associate professor [were] more than
double a woman’s with similar recent research score, age, field
and university’ (Brower and James, 2020).

A need to transform gender relations

In light of the foregoing, it is hardly surprising that many
female graduates are opting not to pursue a career in research
- women now account for 44% of PhDs but only 33% of
researchers — or choosing to leave the research profession
altogether.

There are support programmes targeting women in
underrepresented fields such as computing, physics,
mathematics and engineering. However, scholarships,
fellowships and other incentive measures can only be as
effective as the quality and number of applicants. If a high
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number of girls are not attracted early on in their educational
parcours to such fields, there will not be the critical mass of
quality female applicants to apply for fellowships in advanced
research or to receive awards for excellence.

To this extent, such programmes remain gender-
accommodating, rewarding those with the tenacity to
make it through the system against the odds, rather than
changing the system itself. Although this approach can make
a difference to individual careers, it cannot reduce gender
inequality or address the gender systems that contribute to
inequality. To be truly transformative, gender policies and
programmes need to transform gender relations.

This will entail eliminating gender stereotypes in education,
through initiatives such as African Girls Can Code, but also in
the workforce. It will entail building awareness among senior
managers of the need to level the playing field at work to
ensure that men and women enjoy equal opportunity and
equal pay. It is not enough to attract a woman to a scientific
or technical field of study. We must also ensure that her career
is not strewn with obstacles that men do not have to face. As
we have seen, women are leaving the tech field in the USA
primarily because they feel undervalued.

Whenever awareness-building campaigns prove
insufficient, more coercive measures may be needed to
change the status quo. The quota system introduced by
the State of California in the USA obliges publicly traded
companies by law to have boards of directors composed of at
least 40% women by 2021.

The good news is that having a diverse workforce is
becoming a determinant of investor confidence and higher
profit margins. The desire to project an image of social
responsibility is inciting companies — and large public bodies
like the National Health Service in the UK - to initiate change
themselves.

Industry 4.0: an opportunity for those with the right skills
Advances in artificial intelligence and other digital
technologies hold the promise of making the male and
female characteristics that have been a pretext for gender
inequality for so long less relevant in a virtual world. However,
there is also a danger that, without due oversight from both
men and women, these technologies could further entrench
gender stereotypes, cancelling out any advantages.

Industry 4.0 will lead to widespread automation of jobs.
Automation could eliminate hazardous manual occupations
and repetitive tasks, while creating new professional
opportunities for those who can acquire the right skills. It
will be important for women to seize this opportunity, as the
alternative could be dire. As we have seen, women in England
accounted for 70% of employees in jobs with a high risk of
automation in 2017 (UNESCQO, 2018).

The current shortage of skills in fields such as artificial
intelligence, computer science and engineering offers women
an opportunity to fill this gap, both as employees and as
employers. It will be important to put mechanisms in place
to ensure that female entrepreneurs in tech fields have much
greater access, in future, to venture capital and other sources
of finance.
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One advantage of digital businesses is that they tend to be
less capital-intensive and less labour-intensive than traditional
industries. They also tend to require less office space. In
countries where women face impediments to accessing
capital, or to leasing and owning property, being able to
dispense with the need for expensive real estate could make
all the difference to female entrepreneurs.

Digital technologies, which facilitate telework and
networking, while providing broader access to information,
have been invaluable in ensuring social distancing and
information-sharing during the Covid-19 pandemic.

Some of the radical changes to the work—family balance
induced by the pandemic may be here to stay. It will be
important for these changes to be converted into policies
which ensure that women do not spend a disproportionate
amount of time as unpaid carers, homemakers and educators
but, rather, have the time and the energy to make their mark
on the science and innovation of tomorrow, to tackle the
defining challenges of our time: climate change, biodiversity
loss, pandemics of disease, environmental degradation,
unsustainable urban development and so on.

You cannot manage what you cannot measure

One last issue that must be addressed is the lack of
comprehensive data on gender trends. This is a chronic
problem. Sex-disaggregated data on researchers are not
being collected regularly by most countries in the Caribbean,
Oceania, South Asia, Southeast Asia and sub-Saharan Africa.
UNESCO estimates of women researchers worldwide also
exclude North America and China, owing to the international
incomparability of these data. These data gaps limit the
conclusions that can be drawn at national, regional and global
levels.

UNESCO is one of several actors that have been conducting
global and national surveys to document the pressures that
inhibit the regular collection of sex-disaggregated data.
Through its STEM and Gender Advancement (SAGA) project,
UNESCO has designed a toolbox for a holistic approach
to gender policies, including through an Indicator Matrix
blending existing and innovative indicators.

Attitudes are changing. We can see from the examples
in the preceding pages and throughout the present report
that initiatives to foster gender equality have proliferated in
recent years. These have been initiated by a wide range of
actors, including governments, legislators, regional bodies,
universities, research centres, civil society and private
companies. It would be worthwhile for these actors to
co-ordinate their initiatives, to ensure greater impact and
coherence.

Numerous countries have launched gender-specific
equality policies in science and engineering in recent years,
signalling that the topic is rising to the top of their domestic
agenda. Many of these initiatives remain sporadic, fragmented
and limited in time and space but they are widespread. This
dynamic gives cause for optimism.
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STEM refers in the present chapter to the fields of study under the
International Standard Classification of Education, namely natural sciences
and mathematics, information and communication technologies and,
thirdly, engineering, manufacturing and construction.

See: https://www.article19.org/data/files/Internet_Statement_Adopted.pdf
See: https://globalfindex.worldbank.org/

A year after the adoption of the EU’s gender pay gap action plan in 2017,
France, Ireland and Portugal introduced labour laws which impose financial
penalties on employers who do not take pro-active measures to reduce the
gender pay gap. In Iceland since January 2018, companies and government
agencies with more than 25 employees are required to obtain government
certification from an independent entity that their pay policies are gender-
equal, or face fines. This measure aims to close Iceland’s gender pay gap by
2022 (EC, 2019b).

An echo chamber (also known as a filter bubble), is an unwanted feature

of an algorithm which does things that were not explicitly intended by its
programmer. For instance, the algorithm that builds a person’s Facebook
feed filters information to show the person the things they like most. In this
way, it is easy to convince a person that an idea is false, such as that vaccines
cause autism. The person can then live in a virtual bubble (or echo chamber)
in which almost everyone in their feed is convinced that vaccines cause
autism (UNESCO, 2019).

See: Forbes (2019) The World’s 100 Most Powerful Women.

According to the Venture Capital Female Founders Dashboard, US
companies created solely by women received 2.7% of the total venture
capital invested in start-ups in 2019 but this value slid back to 2.0% in 2020.
See: https://www.trustradius.com/buyer-blog/women-in-tech-report

See: dealroom.co

See: https://www.swissinfo.ch/eng/gender-inequality_universities-fail-to-
fulfil-female-quotas/42551926
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Andrew Arreak (left), the head of SmartICE Regional Operations, and Christian Haas stand next to a tool used to measure sea-ice
thickness along travel routes in Nunavut. Known as a SmartQAMUTIK, this climate monitoring tool was co-designed by Inuit
researchers employed by Canada's SmartICE programme, which operates from research stations in the Arctic circle.

© SmartICE Sea Ice Monitoring and Information, Inc.
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4 - Canada

Paul Dufour

INTRODUCTION

Decisions grounded in science and evidence

Since the previous edition of the UNESCO Science Report
(Dufour, 2015), Canada’s national innovation system has
advanced on a number of fronts. For instance, there has been
strong support for potentially disruptive technologies such as
artificial intelligence (Al) and quantum computing. The Pan-
Canadian Artificial Intelligence Strategy adopted in early 2017
has been billed as one of the first.

There has been some progress in broadening the
participation of Canada’s indigenous populations in science,
technology, engineering and mathematics (STEM), including
at university level. In 2016, the government announced that it
would be co-developing a new Arctic policy framework with
indigenous, territorial and provincial partners, a pledge that
has since been realized. Moreover, in 2019, the government
committed to working with First Nations to ensure that
the Indigenous Languages Act is fully implemented and to
translate the United Nations Declaration on the Rights of
Indigenous Peoples into law.

A new Council for Science and Innovation is expected to
assist the government in its strategic planning for research
and technology, with calls for candidatures having been
launched in 2019. Over the past five years, the government
has stressed the value of science and evidence to inform
decision-making. One sign of this priority was the creation of
a dedicated Ministry of Science in November 2015. However,
the portfolio of sport was added to the minister’s mandate in
2018 before the science portfolio itself was absorbed into the
new Ministry of Innovation, Science and Industry in late 2019.

Almost ten years after the position of National Science
Advisor was abolished, the government appointed Dr Mona
Nemer as Chief Science Advisor in 2017. Since early 2020,
she has been mobilizing scientific research and analysis to
help tackle the Covid-19 pandemic. A series of expert panels
and task forces have been established across the country to
address research challenges associated with the pandemic,
including a task force on the impact of Covid-19 on children.

The federal, provincial and territorial governments have
largely grounded their response to Covid-19 in scientific
evidence. The trust factor has been essential in securing
public support for mitigation efforts such as social distancing.

The pandemic has affected a wide range of socio-economic
indicators. Statistics Canada reported a 2.6% drop in GDP in
the first quarter of 2020. At the time of writing in June 2020,
employment rates have fallen sharply across the board. Sales
of manufactured goods are at their lowest level since 2016,
with those of automobiles and parts down by over 30%.
Inflation in consumer prices has also dropped below 1%,
following steep declines in energy prices; the volatility of

energy prices since the outbreak has had a significant impact
on the economy, since mining and oil and gas extraction
accounted for 7.8% of GDP in 2018. Taken together, oil and
gas make up about 70% of Canada'’s primary energy supply
(Figure 4.1).

Trade in manufactured goods has been affected by the
closing of the border with the USA for non-essential travel:
in 2019, 75% of Canadian merchandise exports crossed this
border, according to Statistics Canada. One illustration of this
economic interconnectedness is the fact that lung ventilators
produced in the USA for Covid-19 patients contain key
components sourced in Canada.

The health care system will undergo a major rethink as a
result of the pandemic. In particular, several provinces have
announced plans to launch formal enquiries into how to
strengthen homes for long-time care and senior citizens,
which have been particularly hard hit by the epidemic.

The education sector has had to adapt to the new reality of
online learning and universities and colleges' are, themselves,
weighing new options for scholarly activity. Student
groups and other bodies have been undertaking surveys to
understand how Covid-19 is affecting graduate students,
including with regard to health, employment prospects,
research outlook and teleworking.

The annual Canadian Science Policy Conference in
November 2020 is expected to reflect on the long-lasting
impact of Covid-19 and the role that science and innovation
policy play in public policy and economic development.

TRENDS IN SCIENCE GOVERNANCE

Mobilizing industry to fight Covid-19

In March 2020, the government published Canada’s Plan

to Mobilize Industry to fight Covid-19, which requires the
Innovation Superclusters (Box 4.1), the Strategic Innovation
Fund and the National Research Council to prioritize funding
and support for goods and services that respond to the
Covid-19 pandemic.

The federal government appointed an Industry Strategy
Council in May 2020 to assess the scope and depth of
Covid-19's impact on industry and inform the government’s
understanding of specific sectoral pressures, including in
advanced manufacturing, agrifood, clean technology, digital
industries, health and biosciences, resources of the future,
tourism and hospitality, retail and transportation.

As part of its rapid response arsenal for Covid-19, the
federal government has earmarked Can$ 1 billion for a
national medical research strategy that includes vaccine
development, the production of treatments and virus
tracking. Of this amount, Can$ 192 million is being channelled
through the Strategic Innovation Fund directly to institutions
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Figure 4.1: Socio-economic trends in Canada
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developing vaccine candidates for the virus. These recipients
include the University of Saskatchewan’s Vaccine and
Infectious Disease Organization, the International Vaccine
Centre (VIDO-InterVac), the National Research Council’s
research on vaccines and the Toronto-based digital health
firm BlueDot.

Genome Canada has also launched a rapid response fund
to support genomics-informed solutions for Covid-19 at
local, provincial and national levels, through collaborations
between academia and the industrial, not-for-profit and
public sectors.

Meanwhile, Canada’s Industrial Research Assistance
Program, which promotes innovation in small and
medium-sized enterprises (SMEs) employing fewer than
500 staff, has adapted to the crisis by offering a challenges
programme for SMEs with near-to-market solutions related to
Covid-19 that require financial support to refine and sell their
product or process.

A Covid-19 Immunity Task Force is working to establish
priorities and oversee a series of country-wide campaigns to
gather blood samples, in order to gauge how far the virus has
spread and provide reliable estimates of potential immunity
and vulnerabilities in the Canadian population.

Until 2020, when Covid-19 radically transformed Canadians’
way of life, compelling them and the rest of the world to re-
assess the role of medical and health research, scientific literacy
and innovation, there had been no crisis to spark any serious
national conversation about the direction in which Canada was
taking science, technology and innovation (STI). This global
pandemic has energized Canada’s knowledge production
systems. It may, ultimately, redefine Canada’s science processes,
output and governance in ways that cannot yet be foreseen.

It will also affect the next generation of researchers and the
mechanisms by which science itself is funded.

Steps taken to achieve the SDGs

Positioning Canada as a global leader in clean technology
continues to be a major plank of government efforts to
diversify and upgrade Canada’s large oil- and gas-based
economy. The government is implementing the Pan-Canadian
Framework on Clean Growth and Climate Change (2016). This
document commits to reducing Canada’s greenhouse gas
emissions by 30% below 2005 levels by 2030 (Govt of Canada,
2017). Putting a price on carbon pollution is a cornerstone

of the plan, with a target of Can$ 50 per tonne by 2022. This
cost-incentive is designed to boost the implementation rate
for renewable energy in a country with a low population
density and high technical capacity.

For example, the Saskatchewan Chamber of Commerce
(2019) has estimated that it has the capacity to generate half
of its power from renewable sources by 2030. Saskatchewan
has the greatest solar potential among the provinces as well as
strong wind power potential. It also has reserves of coal, oil and
natural gas, with coal-fired plants being the primary source of
electricity. The neighbouring Province of Manitoba was already
producing 99% of its electricity from renewables in 2015.

Conversely, the Province of Alberta cancelled its own
Renewable Electricity Program in June 2019 (CER, 2019).

Many provinces have policies supporting low- and zero-
emission vehicles, including Quebec and British Columbia.
There are also subsidies at the federal level for electric vehicles
and related charging infrastructure (CER, 2019).

In line with federal regulations, coal is to be phased
out by 2030. According to projections which assume that
announced pipeline projects will proceed as planned, crude
oil production should grow by nearly 50% and natural gas
production by over 30% between 2018 and 2040, driven
largely by in situ oil sands and shale resources (CER, 2019).

The Canadian Association of Petroleum Producers (CAPP),
meanwhile, forecasts that capital investment in the domestic
oil sands industry will dip for the fifth year in a row in
2019, from Can$ 44 billion in 2014 to Can$ 12 billion. CAPP
attributes this trend to the difficulty in building new pipelines,
as well as investor concerns over the cost and uncertainty of
Canada’s regulatory system.

In 2017, the federal government invested in a Clean
Technology Data Strategy to provide the foundation for
measuring the socio-economic and environmental impact of
clean technology in Canada. In 2017, clean energy accounted
for 1.7% of Canada’s GDP.

Climate change has come to the fore as a key public
policy issue and research focus. According to a July 2019
survey, 77% of Canadian climate scientists think that highly
qualified researchers are leaving the field for lack of support
for their work and 94% of climate scientists say that they rely
on foreign resources to carry out their research. The survey
argues for a climate science funding strategy that meets the
needs of this diverse, multidisciplinary area of research over
the long term (MacLean, 2019).

In 2020, the government adopted a more ambitious target
of achieving net-zero carbon emissions by 2050, with
legally-binding five-year milestones; this effort is to be
partially financed by the investment of profits from the
eventual sale of the Trans Mountain Expansion Project in clean
energy projects and climate-related solutions.

Other objectives are to increase Canada’s international
assistance each year and plant two billion trees over the next
decade in pursuit of the Sustainable Development Goals
(SDGs).

To mark World Oceans Day on 8 June 2020, the prime
minister announced the target of protecting 25% of Canada’s
land and oceans by 2025. This plan is to be grounded in
science, indigenous knowledge and local perspectives. The
government adopted a Can$ 1.5 billion Oceans Protection Plan
in 2016. By 2018, nearly 14% of marine and coastal areas had
been protected, up from around 1% in 2015 (PMoC, 2020).

To guarantee safe, clean and well-managed water
supplies, the federal government mandated the Minister
of Environment and Climate Change and the Minister of
Agriculture and Agri-food in December 2019 to create a
Canada Water Agency which would work in conjunction
with provinces, territories, indigenous communities, local
authorities and scientists.

To monitor these and other commitments, Statistics Canada
launched the Sustainable Development Goals Hub (SDG Data
Hub) in May 2018.2
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A reboot of public research
Canada’s gross domestic expenditure on research and
development (GERD) amounted to Can$ 35.7 billion in 2017;
this represents a 2% increase over the previous year. The
increase was mainly tied to a 3.8% rise (to Can$ 14.3 billion)
in research expenditure for the higher education sector, the
eighth hike in as many years. This underscores the role that
the Canadian higher education sector plays as a prime driver
of innovation - even as a surrogate for industrial research
and development (R&D) - particularly in comparison to other
members of the Organisation for Economic Co-operation and
Development (OECD).

The 2018 budget introduced almost Can$ 4 billion in
new funding over five years. Of this, Can$ 925 million was
channelled to universities and colleges for basic research,
via the three federal granting councils, namely, the Natural
Sciences and Engineering Research Council of Canada, the
Canadian Institutes of Health Research and the Social Sciences
and Humanities Research Council of Canada.

By contrast, the 2019 budget directed funding primarily
towards federal organizations and institutions. Despite a

forecasted 2.6% decline in overall government expenditure
in 2019 (Statistics Canada, 2019a), the public research
infrastructure and apparatus are receiving a reboot after
decades of decline, with considerable investment in new
facilities and experimental models of co-operation trialled
between federal laboratories and the academic and business
sectors.

The Strategic Innovation Fund was established as part of
Canada’s Innovation and Skills Plan (2017) to spur innovation
in large-scale projects by industry, including R&D and
commercialization of the fruits of this work. Over 65 projects
had been supported by Can$ 2.2 billion by early 2020.

An additional Can$ 2.8 billion has been set aside for the
2018-2022 period to renew federal laboratory infrastructure.

As for expenditure on industrial R&D, it has flatlined, despite
attempts to provide new incentives with academic research
partners, including through shared technology clusters in
targeted areas such as proteins, oceans and Al (Box 4.1). Only
one Canadian company spends more than Can$ 1 billion on
R&D, a heavily subsidized aerospace and transport firm that is
currently encountering financial difficulties.

In 2017, the government allocated
Can$ 950 million over a five-year
period to support innovative
‘superclusters. In so doing, the
government is challenging Canadian
enterprises to enter into collaborative
partnerships with research institutions,
in order to develop ‘bold and
ambitious’innovation strategies. The
government expects the initiative to
result in the creation of 50 000 jobs
over ten years.

These superclusters are an attempt
to define a new model for enhancing
strategic investment in innovation, in
which the private sector is required
to match government funding. After
a nine-month competition that led to
over 50 letters of intent, the winning
superclusters covered five sectors and
were spread across the country.

The first of these is the Next
Generation Manufacturing
Supercluster, based in Ontario. It is
working with over 1 000 collaborators
to scale up new manufacturing
capabilities in the automotive,
aerospace and biomedical sectors,
among others. Since the outbreak of
the novel coronavirus, this supercluster
has allocated up to Can$ 50 million
through its Covid-19 Response
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Program, which is helping companies
to produce essential equipment and
medical products and develop their
technological capacity in the process.

Canada’s Ocean Supercluster on the
Atlantic coast targets the development
of the ocean economy, which currently
accounts for 1% of Canadian GDP,
compared to the global average of 3.5%.
Canada has the world's longest coastline
and fourth-largest ocean territory. The
Halifax-based supercluster aims to
bring together leaders in ocean-related
industries to co-invest in R&D to solve
key ocean challenges. As part of one of
its first projects, the cluster has invested
Can$ 5.9 million over three years to
advance capacities for data acquisition
and analytics using underwater robots,
for the purpose of assessing ocean
environmental metrics and marine
habitats, among other uses.

The Protein Industries Supercluster
in the Prairie provinces, meanwhile,
plans to integrate plant genomics, novel
processing technologies, information
technology and Al from the crop level
in the supply chain for plant protein
food and feed. With more than 120
participants, it aims to raise Canada’s
share of global agricultural exports to 8%
by 2025, up from 5.7%.

Over 350 organizations are working
together in the Digital Technology
Supercluster based in British
Columbia to innovate in areas that
include virtual, mixed and augmented
reality, data analytics and quantum
computing. Pilot projects are underway
in precision health, natural resources
and manufacturing. This supercluster is
investing up to Can$ 60 million through
its Covid-19 Program in projects
building technological solutions to
problems related to the coronavirus, as
well as future outbreaks.

The Scale Artificial Intelligence
Supercluster, based in Montreal,
Quebec, is arguably the most far-
reaching of the five experiments in
innovation. It is focusing on integrating
Al and data science in supply chains,
particularly in the retail, manufacturing
and infrastructure sectors. In May 2020,
this supercluster launched a call for
projects to find ideas and solutions
to the Covid-19 crisis that leverage
technology. Within three weeks, more
than 120 projects had been submitted
and eight approved, representing a total
investment of over Can$ 3.4 million.

Source: compiled by author



The risk of erosion

Since 2015, three Canadians have received the Nobel

Prize in Physics: Art McDonald for his work at the Sudbury
Neutrino Laboratory; Donna Strickland for her work on lasers,
becoming only the third woman to be awarded a Nobel Prize
in Physics; and James Peebles, for theoretical discoveries in
physical cosmology.

Despite these accomplishments, Canada’s international
standing as a leading performer of research is in jeopardy,
according to the Council of Canadian Academies (CCA, 2018),
following a sustained slide in private and public investment in
R&D. Canada’s industrial research intensity (Figure 4.2) is only
half the OECD average (CCA, 2018).

Although Canada retains respect in some classic fields
and ranked 10™ globally for the volume of output in 2018
(Figure 4.3), it produces a relatively small share of the world’s
research in promising areas for most enabling and strategic
technologies (CCA, 2018).

Canada’s place in the scientific world is being challenged
both by traditional and rising players. This can be explained
by various factors. For one thing, provinces and territories all
have their own programmes and strategies but there is no
national approach to science and technology and, thus, no
national vision.

In addition, Canadian industrial research spending is
declining and remains concentrated in industries that are
intrinsically less research-intensive, even if there are pockets
of research strength across several industries, including
those of computer systems, communications equipment and
aerospace manufacturing (CCA, 2018). The relative scarcity
of data is constraining a sounder assessment of research
activities, particularly in industry and in the social sciences,
arts and humanities (CCA, 2018).

Industrial R&D remains a weak link, with foreign-controlled
firms accounting for one-third of all in-house R&D, a
persistent trend over recent decades. Industry is increasingly
outsourcing R&D abroad. According to Statistics Canada,
outsourced research expenditure by companies in Canada
rose for the third consecutive year to Can$ 4.9 billion in 2017.

Canadian innovators produce about 1% of global patents,
ranking 18" in the world (Figure 4.4). The barriers between
innovation and wealth creation in Canada are greater than

those between research and innovation (CCA, 2018). The
result is a deficit of tech-based start-ups growing to scale in
Canada and a loss of economic benefits.

Although macro-economic conditions and the regulatory
environment appear to be conducive to business creation and
development, Canada’s promising start-ups are often being
acquired and developed in other countries, leading to a loss
of economic and commercial benefits. Survey evidence from
Canadian firms and technology stakeholders also suggests
that a lack of managerial talent and experience in expanding
domestic technology firms to scale is a critical impediment
(CCA, 2018).

Industry groups maintain that governments continue to
operate with the supply-side view that innovation takes
a linear approach. They consider that policy frameworks,
intellectual property and regulations need to be treated
as priorities. For them, adding to Canada’s list of scientific
programmes will not suffice to solve the country’s problems.
In fact, the federal government has been doing the opposite:
downsizing its suite of programmes by consolidating almost
100 programmes into 38.

A number of surveys suggest that the performance of
Canada’s industrial sector is declining (CCA, 2018). Research
Infosource Inc’s 2019 survey of Canada’s Top 100 Corporate
R&D Spenders, for instance, suggests that innovation policy
in Canada is ‘running on fumes’and that new initiatives will
take time to emerge. The survey recommends lowering
expectations. With the likely reprofiling of some industrial
sectors in the wake of Covid-19, this situation is not likely to
improve, although the new Industry Strategy Council may
offer novel options for a renewed innovation and research
focus in Canada’s business sectors in the post-Covid-19 era.
This council is discussed in the following section.

A new research co-ordination body

In 2018, the longstanding Networks of Centres of Excellence
programme was cancelled (Dufour, 2015). This programme
has been replaced as part of a new approach that saw

the establishment of the Canada Research Coordinating
Committee (CRCC), further to a recommendation by Canada'’s
Fundamental Science Review of 2017, also known as the Naylor
Report.

Figure 4.2: GERD as a share of GDP in Canada, 2010-2019 (%)
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Source: OECD (2020) Main Science and Technology Indicators. Organisation for Economic Co-operation and Development: Paris. July
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L@)] Figure 4.3: Trends in scientific publishing in Canada

Volume of scientific publications in Canada, 2011-2019
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The intensity of output on the use of ecosystem-based approaches in
Scientific publications per million inhabitants in Canada, protected areas was even five times the global average, despite modest
2011, 2015 and 2019 numbers: 94 (2012-2015) and 88 (2016-2019) publications. Researchers
also published 3.1 times and 1.7 times the global average on the local
impact of climate-related hazards and disasters and on strategies to
mitigate such hazards, respectively.

The intensity of output was no higher than would be expected,
however, on traditional knowledge, cleaner fossil fuel technologies and
industrial waste management, despite the logistical and environmental
challenges of waste management in the Athabasca oil sands.

With the exception of growth in publications on smart-grid
technologies from 1328 (2012-2015) to 1 869 (2016-2019), output on
renewable energy technologies remained modest; it was even half the
global average intensity for photovoltaics: 857 (2012-2015) and 950
(2016-2019).
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Canada's top five partners for scientific co-authorship, 2017-2019 (number of papers)

1st collaborator 2nd collaborator 3rd collaborator 4th collaborator 5th collaborator

Canada USA (65 364) China (26 604) UK (22 433) Germany (15 721) France (15 318)

Source: Scopus (excluding Arts, Humanities and Social Sciences); data treatment by Science-Metrix
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The CRCC harmonizes programmes and policies adopted
by the three councils responsible for research grants (granting
councils), in order to ensure that these councils operate as
a coherent system. Historically, the lack of an effective co-
ordination mechanism has been a weakness of the federal
research system (APoFSFS, 2017).

More funding for ‘high-risk’ research

The CRCC launched a New Frontiers in Research Fund

in 2018 to bolster federal support for game-changing
research. This fund is investing Can$ 275 million between
2018 and 2023, and Can$ 65 million on an ongoing basis
in‘international, interdisciplinary, fast-breaking and high-

risk research’ The fund selects projects for grants under

three strands: ‘exploration’ grants for high-risk, high-reward
research; ‘transformation’ grants, providing large-scale
support for interdisciplinary and transformative research; and
‘international’ grants to support Canadian engagement with
partners abroad. The inaugural call for proposals received over
1700 applications, far exceeding expectations.

The federal government also proposes establishing a
Strategic Science Fund. Within a’principles-based framework,
an independent panel of experts would select recipient
organizations and determine the level of funding for each
recipient, as part of a competitive and transparent allocation
process. Third-party organizations such as the Perimeter
Institute for Theoretical Physics, Brain Canada, CCA, Genome
Canada and CIFAR (formerly known as the Canadian Institute
for Advanced Research) would be eligible to apply to the
fund, which could be operational as early as 2022.

In the meantime, the CCA is leading an assessment of the
practices of funding agencies around the world. The aim is
to examine the ways in which Canada can apply innovative
practices at home in a rapidly evolving and increasingly
interconnected environment.

A chief advisor to bridge government and science

Almost ten years after its abolition, the position of Chief Science
Advisor was revived in 2017. This followed a campaign by several
groups, including Evidence for Democracy and the Royal Society
of Canada. The latter had argued that a new high-level science
and technology advisory committee should replace the defunct
Science, Technology and Innovation Council (RSC, 2018).

The Royal Society of Canada also recommended that
the government further empower the newly appointed
Chief Scientific Advisor through legislation recognizing the
incumbent as the key interlocutor for connecting external
science and government research. The Royal Society of
Canada’s proposals stem from its diagnosis of a gap between
Canada’s scientific capacity and government decision-making,
with ‘few clear pathways [to] enable and facilitate
engagement between those inside government and leading
scientists and scholars across Canada’ (RSC, 2018).

Borrowing from the UK’s science advisory model, the Chief
Science Advisor has established science advisors in several
federal departments and agencies, including those with a
portfolio for space, the environment, natural resources, fisheries
and oceans, as well as at the National Research Council.

Figure 4.4: Number of IP5 patents
granted to Canada, 2015-2019

2015 2016 2017 2018 2019

Note: IP5 refers to the US Patent and Trademark Office, European Patent Office,
Japanese Patent Office, Korean Intellectual Property Office and State Intellectual
Property Office of the People’s Republic of China.

Source: PATSTAT; data treatment by Science-Metrix

A Youth Council has also been established to support
the Chief Science Advisor's mandate. It counts 20 members
selected from among more than 1 100 applicants. The council
has been asked to include in its mandate reporting and
research on the barriers that Black and other minority ethnic
groups come up against in STEM.

The Chief Science Advisor has produced a model policy on
scientific integrity for use by federal government researchers, in
conjunction with the Professional Institute of the Public Service
of Canada. This model policy encourages federal scientists to
speak openly about their work and provides a framework for
employers and employees on the conduct of government
science. It also recognizes the role played by researchers in
communicating scientific information to the public?

In November 2019, the prime minister tasked the Minister
for Innovation, Science and Industry with assisting the Chief
Science Advisor in ensuring that the outcome of
government-funded research in the basic and applied
sciences is made available to the public, that scientists are
able to speak freely about their work and that scientific
analysis from across Canada and beyond is considered when
the government makes decisions.

The Chief Science Advisor is participating in a global
network of science advisors that is sharing the latest research
on the fallout from the Covid-19 pandemic. Together with
Prof. Rémi Quirion, Chief Scientist for Quebec, Dr Mona Nemer
is planning the 2021 edition of the International Conference
on Science Advice to Governments, which is due to take place
in Montreal and is slated to launch a North American chapter
of the International Network for Government Science Advice.

The Inuit Tapiriit Kanatami, a body representing the 65 000
Inuit residing in Canada, published its National Inuit Strategy
on Research in March 2018. This strategy redirected attention
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to the issue of integrating community-based knowledge
into Canada’s knowledge ecosystem. Among other
recommendations, the implementation plan calls for an Inuit
Nunangat Deputy Chief Science Advisor to help oversee the
development of an Inuit Nunangat research policy.

A roadmap for open science

The Chief Science Advisor has released a Roadmap for Open
Science (2018) which specifically applies to scientific output
funded by federal government departments and agencies.
Its key recommendation to the government is for a common,
phased approach to implementing open science* across
science-based departments and agencies. As a starting
point, it proposes that all federal research articles be openly
accessible without an embargo period from January 2022
onwards.

The rise of citizen science

Increasing activism by groups such as Evidence for
Democracy, Science Outside the Lab North, Science and
Policy Exchange and its alter ego, the Toronto Science Policy
Network, combined with the activism of youth groups,
visible minorities and women'’s groups, has strengthened
public engagement with science, including when it comes to
addressing systemic racism.

Citizen science has become increasingly prominent. For
instance, Quebec’s Chief Scientist has been championing a
novel participative science project on birds during the period
of the Covid-19 pandemic.

A focus on Al at home and abroad

The Pan-Canadian Artificial Intelligence Strategy (2017) has
been billed as one of the first national Al strategies (Stromme
etal., 2018).

The Canadian Al strategy is led by CIFAR with support
from the country’s three centres of excellence in Al located
in the cities of Edmonton, Montreal and Toronto,” along with
universities, hospitals and organizations across the country.
The pan-Canadian Al strategy aligns with the work of the
Scale Artificial Intelligence Supercluster (Box 4.1).

Federal funding of Can$ 125 million supports the objectives
of increasing the number of outstanding Al researchers and
skilled graduates in Canada, establishing nodes of scientific
excellence at the three major Al centres, developing ‘global
thought leadership’ on the economic, ethical, policy and
legal implications of Al advances and supporting a national
research community working on Al.

The Canada CIFAR Al Chairs Program is the cornerstone of the
strategy. It benefits from funding of Can$ 86.5 million over five
years to attract and retain world-renowned Al researchers. The
80 Canada CIFAR Al Chairs announced to date work across
industry and academia and are conducting research in fields that
range from machine learning for health to autonomous vehicles
and artificial neural networks to monitor climate change.

The private sector has contributed more than Can$ 100 million
to the three centres of excellence in Al (Stromme et al., 2018).
There were about 650 start-ups in Al by 2018. Although the
growth rate of start-ups flattened in 2019, according to the
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CEO of Element Al (Gagne, 2019), investment in the surviving
companies more than doubled to Can$ 660 million and
revenue for companies proposing Al solutions rose by 65%
between 2017 and 2018.

CIFAR is working with researchers and organizations
across Canada to support training programmes for the next
generation of Al researchers, with a special focus on those
that advance equity, diversity and inclusion in Al and deliver
a positive social impact. CIFAR’s Al and Society Program
facilitates cross-sectoral discussion of the challenges that Al
poses to society, including its implications for the practice of
medicine and for democracy, climate change, children and
other vulnerable groups.

In response to Covid-19, CIFAR has set up workshops and
funding opportunities for research. One of these, the Catalyst
Grant Program, provided seed funds for 14 Al research
projects in May 2020 for interdisciplinary collaboration on
public health issues.

The federal government appointed an Advisory Council
on Alin May 2019 with a focus on examining how to build
on Canada’s strengths to ensure that Al advancements
reflect Canadian values, such as human rights, transparency
and openness. The Advisory Council on Al has established
a working group on extracting commercial value from
Canadian-owned Al and data analytics. It will also provide
guidance on strategies to achieve the goals of the Canada-
France Statement on Artificial Intelligence, approved at the G7
Summit held in Quebecin 2018.

Canada is seeking to assume a leadership role in the
international endeavour to understand the societal
implications of Al. In 2017, the Université de Montréal launched
the Montreal Declaration for a Responsible Development of
Artificial Intelligence, in collaboration with civil and academic
partners. The Declaration looks to the potential benefits that
Al and related technologies could bring, such as by improving
efficiency in agriculture, reducing health care costs, assisting
people with disabilities, optimizing energy resources and
aiding conservation efforts. It also warns of potential risks,
stating that, without regulations and due diligence, intelligent
machines could restrict the choices of individuals and groups,
lower standards of living and disrupt the job market, or even
damage ecosystems and influence the climate.

According to a June 2020 report from the UK think tank
Nesta, institutions from China, USA, UK, India and Canada
together account for 62% of Al applications developed in
response to Covid-19 (Mateos-Kinger et al., 2020).

Shortly after several countries announced the Global
Partnership on Artificial Intelligence (GPAI)® in June 2020,
Canada joined the project to become one of its founding
members. Simultaneously, the federal government and
Government of Quebec announced the opening of the
International Centre of Expertise in Montréal for the
Advancement of Artificial Intelligence, which will advance the
cause of responsible development of Al.

The GPAl secretariat will be hosted by the OECD secretariat in
Paris, France. GPAI's mandate covers four themes, two of which
are supported by the new Centre of Expertise in Montreal,
namely, responsible Al and data governance. A corresponding



centre of excellence in Paris, yet to be identified, will support
the other two themes on the future of work and innovation,
and commercialization. GPAI will also investigate how Al can be
leveraged to respond to the Covid-19 pandemic.

Canada’s International Development Research Centre (IDRC)
has assumed a prominent role in global efforts to assess the
potential impact of Al in the global South. In a 2018 white
paper, the IDRC argued that inherent biases and inequities
within a dataset could be amplified by machine learning, if
datasets are inadequate (Smith and Neupane, 2018). The risk
of job losses as a result of Al and automation is not unique
to developing nations but may be exacerbated by weak
regulatory capacity. The IDRC is embarking on a programme
to help developing countries build innovative Al for good and
to regulate and govern Al technologies.

SCIENCE DIPLOMACY

An emphasis on responsibility in global science
Canada’s key cachet remains its openness and global

As host of the G7 Summit in May 2018, Canada received
input from the national academies of science of all seven
countries in two areas of national and global concern:
countries’ digital future and Arctic sustainability.

Concerning the digital future, the national academies of science
state that ‘international cooperation will be essential in key areas
of security, accessibility, and regulation to secure a digital future
that is inclusive, democratically governed and ethically minded
in which open data and reliable information can circulate! The
academies recommend ‘democratic governance in the form of
regulatory frameworks to set up an oversight of Internet service
providers, social media and other entities and prevent private
monopolistic or oligopolistic power in the digital economy and to
ensure open and neutral Internet, protection of digital data and
respect for norms of individual privacy’ (G7 AoS, 2018).

On the theme of Arctic sustainability (Box 4.2), the national
academies of science call for broad international collaboration
to support research and promote thriving coastal
communities. They observe that longer ice-free shipping
seasons and other climate-related changes to the Arctic

connections as a G7 and G20 partner with an international
outlook. The government is reviewing its international
strategy for science with a focus on enhancing partnerships
and science diplomacy. Canada produces about 3.6% of the
world’s scientific output, partly as a result of its partnerships
with active countries and global research bodies (CCA, 2018).

The circumpolar Arctic is warming at
about three times the global average,
making this region — and the people
who call it home — among the most
affected by climate change. Rapid
and often irreversible changes are
redefining its environmental and
socio-economic landscapes.

According to Canada’s Changing
Climate Report (2019), northern
warming will continue, whether the
world follows a high or low trajectory
for greenhouse gas emissions. The
high-emission scenario could lead
to temperatures and extreme events
that are four times the global average.
Loss of sea ice and thawing permafrost
are forming feedback loops that will
exacerbate climate change.

The Canadian High Arctic Research
Station Act (2015) created Polar
Knowledge Canada as the lead federal
agency for strengthening Canadian
leadership in polar science and
technology. Polar Knowledge Canada is
funding innovative research to support
efforts in mitigation and adaptation.

For example, the Oceans Network
Canada, which is based at the University
of Victoria, received support in 2018 that
has enabled it to set up community
observatories in northern areas for joint
research with indigenous communities. This
research will combine physico-chemical
water sampling with change monitoring
and traditional and local knowledge.

From 2020 to 2023, Polar Knowledge
Canada’s pan-northern Science and
Technology Program will fund projects
on the three following themes:
understanding dynamic northern
ecosystems in the context of rapid
change; advancing sensible energy,
technology and infrastructure solutions
for the North; and bridging northern
community wellness and environmental
health. These projects will build on
previous efforts, such as the Arctic
Zoonoses Network, a community-
centred monitoring network for vector-
borne diseases and wildlife zoonosis in a
changing Arctic.

The Canadian High Arctic
Research Station opened in 2019 in

regions could stimulate investment ranging from

USS$ 85-265 billion over the next decade in Arctic tourism,
fisheries and natural resource development. They also observe
that these socio-economic changes heighten ‘potential

risks such as oil spills, shipping disasters and environmental
contamination with subsequent public health risks.!

Cambridge Bay. It offers a unique
space for enhancing international
co-operation in Arctic research. The
station provides access to research
sites, infrastructure and data and

has already hosted international
researchers from several countries,
including Japan and the Republic of
Korea. Built from a design benefiting
from Inuit knowledge, the station is
embedded in a local community and is
intended to develop bridges between
science and society. The aim is to
develop research capacity attuned to
community needs in the Arctic.

If there is a single argument for a
collaborative approach to a shared
Arctic and northern future, it is the
shared and complex challenges posed
by climate change. The response of all
partners to this challenge must be no
less transformative in scale, scope or
duration.

Source: Polar Knowledge Canada; Ministry of
Crown-Indigenous Relations and Northern Affairs
(2019) Arctic and Northern Policy Framework.
Government of Canada: Ottawa
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Figure 4.5: Trends in human resources in Canada Canadian
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A focus on the Arctic
The Arctic is a strategic zone where there is potential for
Canada to strengthen international linkages (Box 4.2).

Canada’s Arctic and Northern Policy Framework (2019) sets clear
priorities and actions for the federal government and its partners.
Selected priorities include investing in energy, transportation and
communications infrastructure, fostering innovation and jobs in
northern economies and supporting science and research that is
meaningful for northern communities. These efforts advance the
national agenda of reconciliation and frame new relationships
among Inuit, First Nations, Métis and non-indigenous residents in
the North and throughout the country.

Canada is active in the Arctic Council (see also Box 13.2)
and has played a strong role in the Arctic Science Ministerial,
the third edition of which is slated to take place in May 2021,
co-hosted by Iceland and Japan. Among its themes will be
capacity-building in education, and knowledge with Arctic
residents and communities.

In the 2019 federal budget, Can$ 34 million was set aside
to enhance Canada’s global Arctic leadership over a five-year
period by creating Canada’s first permanent secretariat within
the Arctic Council for the Working Group on Sustainable
Development.

A‘green’ focus in international agreements
Canada is also implementing the Ocean Plastics Charter and
the Charlevoix Blueprint for Healthy Oceans, Seas and Resilient
Coastal Communities, which take up the challenges raised by
the academies of science of the G7. These agreements were
championed by Canada when it hosted the G7 in 2018.The
Ocean Plastics Charter was endorsed by the European Union,
France, Germany, Italy and the UK at the G7.The Charter
highlights the importance of avoiding single-use plastics and
commits to specific targets for recycling plastics. It has since been
signed by the International Union for Conservation of Nature and
by dozens of countries and businesses around the world.

Together with Kenya and Japan, Canada co-hosted the first
global conference on the sustainable blue economy in 2018,
where Can$ 9.5 million was pledged in support of the United
Nations Decade of Ocean Science (DFO, 2018).

In 2018, the European Union (EU) and Canada
updated their Comprehensive Economic and Trade Agreement
(CETA), which had entered into force the previous year, by
including a reference to promoting ‘the mutual supportiveness
of trade and climate policies, in the context of their
commitment to the Paris Agreement (2015) on climate action.

For its part, the tripartite Canada-United States—Mexico
Agreement which replaced the North American Free Trade
Agreement in July 2020, contains an Environmental
Cooperation Agreement emphasizing green growth.

TRENDS IN HIGHER EDUCATION

A challenge to engage youth

In the 2018 rankings of the OECD’s Programme for
International Student Assessment, 15-year-old Canadian
students scored higher than the OECD average for science,

mathematics and reading. However, performance in
mathematics and science has declined by ten points or more
per decade since 2003 and 2006, respectively.

In 2015, about half of Canadian 15-year-olds were
aware of key environmental issues but rarely followed
news about science (Statistics Canada, 2019b). This lack of
engagement presents a challenge for scientists and science
communicators,” especially as concerns issues relating to
health, society, the environment and the economy.

One Canadian non-governmental organization, in
particular, has been instrumental in shaping the next
generation’s understanding of the evolving knowledge
landscape in the North. Students on Ice takes youth from
Canada and around the world on journeys to the polar
regions, introducing them to a broad spectrum of dialogue
ranging from arts, culture and history to science, sustainable
development and geopolitics. It celebrated its 20" anniversary
in 2020.

In May 2020, the Natural Sciences and Engineering
Research Council awarded over Can$ 9 million, within its
PromoScience programme, to more than 80 organizations
that engage in scientific outreach across the country.

Efforts to make education more inclusive

The government is working to make education more
inclusive. As of May 2020, Canada has a fully-fledged, degree-
granting university north of the 60t parallel: Yukon University,
based in Whitehorse.

In 2016, only 10.9% of indigenous people held a tertiary
degree, compared to 28.5% of the total population. This
imbalance is being addressed at the university level, including
by three indigenous-specific STEM programmes. For instance,
Mount Royal University in Alberta ran the Aboriginal Science
and Technology Education Program from 2012 to 2019.
Between 2011 and 2017, the indigenous student population
at the university’s Faculty of Science and Technology rose
from 1.7% to 4.2% of the student cohort.

In addition, the CRCC has instituted a wide-ranging
strategic plan to support indigenous research and training
over the 2019-2022 period. This plan is anchored in four key
principles:

self-determination: fostering the right for First Nations, Inuit
and Métis peoples to set their own research priorities;

decolonization of research: respecting indigenous ways of
knowing and supporting community-led research;

accountability: strengthening accountability when it comes
to respecting indigenous ethics and protocols in research
and identifying the benefits and impact of research in
indigenous communities; and

equitable access: facilitating and promoting equitable access
and support for indigenous students and researchers.

By 2018, gender parity had been reached at the rank of assistant
professor (49.6%), although only 28.8% of full professors were
women and the share of women among full-time faculty varied
strongly from one field to another (Figure 4.5).
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Notably, women accounted for only 17.4% of faculty in
architecture, engineering and related technologies in 2018.
With two notable exceptions, all of Canada’s major research
organizations are led by men.

Greater exposure abroad for young minds

Canada leads the G7 countries for the share of the population
(58%) with a tertiary degree (Figure 4.5), followed by Japan
(53%) and the USA (47%).

Among its G7 peers, Canada hosted a higher proportion of
international students (12.9%) in 2017 than Germany (8.4%),
Japan (4.3%) or the USA (5.2%), according to OECD data.
There has been steady growth in the share of international
students since 2011, when they accounted for less than 10%
of university enrolment (Frenette et al., 2020).

In the 2016/2017 academic year, three countries accounted
for more than half of foreigners studying in Canada: China
(32%), India (15%) and France (8%). A June 2020 survey by
Statistics Canada noted the risk of the Covid-19 pandemic
reducing international demand for tertiary education
(Frenette et al., 2020).

Only about 11% of Canadian undergraduates travel abroad
for study purposes. This is a significantly lower proportion
than their French (33%), Australian (19%) or US (16%)
counterparts (Study Group on Global Education, 2017). Of
those Canadian students who do decide to study abroad,
many choose traditional destinations, such as the USA, UK,
Australia or France.

To help address this lack of global exposure, the new
International Education Strategy (2019-2024) strives to help
Canadian students seize study, work and travel opportunities
abroad. At the same time, it aims to promote Canada as a
destination for international students to diversify demand.

The 2019 federal budget has set aside Can$ 147.9 million
over five years for this purpose, followed by Can$ 8 million per
year of ongoing funding. The launch of an outbound student
mobility pilot initiative has been deferred to early 2021, on
account of the Covid-19 pandemic. This initiative will provide
up to 11 000 undergraduate and college students with
Can$ 5 000-10 000 each year.

CONCLUSION

A time for statecraft and sage advice

The government’s policy rhetoric has been to advocate a
more intermestic relationship between domestic and foreign
policy. However, as long as international issues in science and
technology remain somewhat peripheral in policy spheres
there will be a dissociation between Canada’s participation in
international scientific affairs and domestic policy.

The Covid-19 outbreak has revealed a dichotomy between
strategies that focus almost exclusively on national responses
and the demands of participation in global affairs. As the
President of the National Academy of Sciences, Marcia
McNutt, has underscored, ‘the Covid-19 pandemic is the
classic example of a problem that we will not solve anywhere
until we solve it everywhere [...] during an era of growing
nationalization, researchers must resist that constriction and
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continue to share knowledge so that lessons learned in one
country can inform response and recovery in other nations’
(McNutt, 2020).

Two scholars of international relations have made the
same point. They write that ‘societies should not assume that
international scientific collaborations will flow naturally but
rather should nurture them carefully - although urgently -
through renewed diplomatic efforts, funding programs and
policy instruments. So far, global research and innovation
collaboration on the pandemic is a positive story but the
world will need to fast-forward such efforts to minimize
damage over the coming year’ (Guimon and Narula, 2020).

Many observers have argued that, in international scientific
co-operation, Canada should target areas that improve the
standard of living. For example, they argue that Canada could
strengthen North-North co-operation through fora such
as the Arctic Council and, at the subnational level, through
the exchange of knowledge and best practices in areas that
include mental health, education, indigenous languages and
renewable energy.

They argue that Canada could also expand the
development work of organizations such as the IDRC, which
celebrated its 50™ anniversary in 2020, and Grand Challenges
Canada, which has supported a pipeline of over 1 000
inventions in 95 countries in its ten-year history. Both of these
programmes have tackled global health problems with like-
minded global players.

As science diplomacy has received growing recognition as
a concept and practice, the real-world intersection between
science and diplomacy has been transformed. In part, this
is a result of the growing digitalization of knowledge, which
has facilitated its diffusion. Youth groups and others are now
engaging in citizen science as the role of science becomes
more embedded in statecraft. For instance, in May 2018,
Canada’s Science and Policy Exchange network hosted a
workshop on the theme of students as stakeholders in science
diplomacy. The organizational ecology of global summitry has
become increasingly complex, as a result.

Several statements addressed to G7 summit leaders by
the national academies of science demonstrate a growing
recognition that building knowledge capacity to address
rapidly evolving challenges will require a new mindset,
one that is inclusive of the voices of all stakeholders in an
interconnected world. For example, the statement on
basic research issued in 2020 advocates fostering global
co-operation and information-sharing to accelerate discovery,
spread the benefits and reduce knowledge-based inequities,
including through open science. The G7 science academies
declaration on artificial intelligence and society of March
2019 argued for a public policy debate on the destructive or
military usage of Al.

It will only be possible to solve global challenges through
cross-border collaboration. Canadians are participating in
this type of endeavour, as exemplified by the efforts of the
InterAcademy Partnership and Global Young Academy to
address the Covid-19 challenge.

At the heart of this global response will be how global
science and research can be effectively deployed and how



governments can use and deliver this emerging knowledge
for improving the human condition. The G7 Science and
Technology Minister’s Declaration on Covid-19 of 28 May 2020
drove this message home by promising to make related
research results, data and information accessible to the public
in machine-readable formats, to the greatest extent possible.
The Declaration includes a promise to enhance co-operation
on shared Covid-19 research priority areas, such as basic and
applied research, public health and clinical studies.

The pandemic has demonstrated that placing science at
the heart of government policy can have its rewards but is not
devoid of risk. If the role of the advisory apparatus is simply
to support the government’s position uncritically without
communicating the evidence effectively and ethically to the
public, the price to pay can be the loss of public trust (Dufour,
2020). In some cases, the very speed at which information is
being produced and disseminated, coupled with the lack of
‘social distancing’ between independent scientific advice and
polity has led to a backlash from both informed citizens and
the scientific community itself.

Canada faces the balancing act of simultaneously
managing its domestic advisory apparatus for science and its
global research partnerships in the new post-normal, post-
pandemic world.

KEY TARGETS FOR CANADA

Canada plans to:

@ achieve net-zero carbon emissions by 2050;

@ reduce greenhouse gas emissions by 30% below 2005
levels by 2030;

® charge Can$ 50 per tonne of carbon emissions by 2022;

@ phase out coal by 2030;

® protect one-quarter of Canada’s land and oceans by
2025; and

@ raise its share of global agricultural exports to 8% by 2025.

Paul Dufour (b. 1954: Canada) has been Fellow and Adjunct
Professor at the Institute for Science, Society and Policy at the
University of Ottawa since 2011. For over three decades, Dufour
has worked in science and technology policy with such bodies
as the Science Council of Canada and the Ministry of State for
Science and Technology. Between 2004 and 2008, he was interim
Executive Director at the former Office of the National Advisor

to the Canadian Government. Dufour holds a Master’s in the
History of Science from the University of Montreal (Canada).
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ENDNOTES

1 In Canada, colleges focus on specific skills for employment and career
development. They offer technical training and diplomas, often serving
local communities. Universities offer bachelor’s degrees and higher.

2 See: https://www144.statcan.gc.ca/sdg-odd/index-eng.htm

See: https://www.ic.gc.ca/eic/site/052.nsf/eng/00010.html

4 The Montreal Neurological Institute—Hospital at McGill University in Canada
is a frontrunner. In 2017, it took the step of embracing open science fully in
its approach to publishing research.

5 These centres are the Alberta Machine Intelligence Institute (Amii) at the
University of Alberta in Edmonton, the Montreal Institute for Learning
Algorithms (Mila) at the University of Montreal and the Vector Institute for
Artificial Intelligence in Toronto.

6 The current members of the Global Partnership on Artificial Intelligence
are Australia, France, Germany, India, Italy, Japan, Mexico, New Zealand, the
Republic of Korea, Singapore, Slovenia, UK, USA and the European Union.

7  For a wider discussion, see, for example: Tippett and Milford (eds) [2019]
Science Education in Canada - Consistencies, Commonalities and
Distinctions. Springer Verglag: https://doi.org/10.1007/978-3-030-06191-3.
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Dr Katie Bouman, an engineer and computer scientist from the California Institute of Technology, reacts as a composite image
of a black hole forms on her computer, in a world first in April 2019. This accomplishment was the culmination of the work of a
global team of more than 200 scientists.
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5 - United States of America

Nicolas Vorontas, with Brennan Hoban and Connor Rabb

INTRODUCTION

A crisis ‘like no other’

The USA' enjoyed economic growth rates well above 2% over
the 2016-2019 period (Figure 5.1). For 2020, by contrast, the
median expectation is for a 6.5% decline in GDP, according to
the Federal Reserve, the country’s central bank. Forecasts run
as low as -10% (Cox, 2020).

At the global level, the year 2020 shaped into an economic
‘crisis like no other’. As the Covid-19 pandemic tightened
its stranglehold on the global economy in June 2020,
the International Monetary Fund felt obliged to revise its
projection for global growth down to -4.9% (IMF, 2020).

As of late April 2021, Covid-19 has claimed the lives of more
than 570 000 US citizens according to the Johns Hopkins
Coronavirus Resource Center. The US death rate of 175 per
100 000 inhabitants is one of the highest in the world.?

The impact of the coronavirus has been compounded by
conflicting messages emanating from the government and
scientific community, with the former striving to downplay
the gravity of the pandemic and the latter recommending
that measures such as social distancing and mask-wearing be
generalized to limit the spread of infection. This fits a pattern,
whereby the government has sought to restrict scientific
research and the discussion and publication of scientific
information, in an attempt to control the narrative over
Covid-19 but also other topics over the past four years, such
as climate change and environmental protection, in the name
of national security. Columbia Law School has established a
Silencing Science Tracker to document this.3

The pandemic has exposed weak points in the response by
federal science agencies. When Covid-19 was first detected
in the USA, the Food and Drug Administration (FDA) applied
an existing ‘emergency use authorization’ clause that had
been used in past viral pandemics, such as with regard to
Ebola, Zika and Swine Flu, to bypass the FDA'’s usual six-
month review period. The aim was to accelerate approval of
the Covid-19 diagnostic tests developed by the Centers for
Disease Control and Prevention (CDC) for rapid distribution
to health laboratories across the country. However, many
laboratories reported problems with validating the
test results. Since tests cleared by the Emergency Use
Authorization during past pandemics had always been
successful, there was no contingency plan or alternative
test immediately available. This set the USA back months in
obtaining reliable diagnostic tests, hindering the country’s
pandemic response.

Unemployment trends on a roller coaster
Employment numbers are indicative of the pandemic’s impact:
the US unemployment rate, which had been at a 50-year low of

3.5% as recently as February 2020, leapt in April to 14.7%, an
80-year high, before falling back to 10.2% in July, according to
the Bureau of Labor Statistics. A staggering 20.5 million jobs
were lost in April alone, the steepest decline in payrolls since

the Great Depression of the 1930s. More jobs were lost in March
and April 2020 than had been created in the previous nine years
combined, according to the Vice-Chair of the Board of Governors
of the Federal Reserve System (Clarida, 2020).

By November 2020, however, the unemployment rate had
already dropped back to 6.9%, after a surge in nonfarm payroll
employment added 638 000 additional jobs in October.*

To counter the vertiginous rise in unemployment, the Federal
Reserve cut its key overnight interest rate to almost zero in
March 2020 and, the following month, rolled out up to
USS$ 2.3 trillion in loans to bolster local governments,
households and employers. In parallel, the federal government
approved a US$ 2.2 trillion relief package covering the period
to the end of August 2020, which consisted of a combination
of aid and loans for state, local and tribal governments,
households and employers, with a particular focus on small and
medium-sized enterprises (SMEs).

The uncertainty as to the depth and duration of the
economic downturn, which largely depend on the course of
the coronavirus and the public health policies to contain it,
make it nearly impossible to project the economic situation
until mid-2021 beyond constructing scenarios for the months
and years ahead (Deloitte, 2020). Released in June 2020, the
Federal Reserve's projections for growth in the next calendar
year range from -1% to +7%; officials are divided on whether
2021 will see a continued recession or the biggest rebound
since the mid-1980s (Cox, 2020).

An unprecedented mobilization by the bioscience industry
The Covid-19 pandemic has mobilized America’s bioscience
industry in an unprecedented manner. It has been

estimated that there are more than 400 drug programmes

in development in the USA aimed at eradicating the disease,
including over 100 vaccine programmes and 135 antiviral
programmes (TEConomy and BIO, 2020).

These efforts are grounded in the White House'’s Operation
Warp Speed, a public-private partnership infused with a
sense of urgency, as its name suggests. The federal
government has allocated more than US$ 9 billion to
develop and manufacture candidate vaccines. An additional
US$ 2.5 billion has been earmarked for vials to store the
vaccines and syringes to deliver them, as well as to pay for
efforts to ramp up manufacturing capacity.

The list of bioscience companies receiving government
funding covers a range of companies of different sizes and
geographical origins, including AstraZeneca, BioNTech,
GlaxoSmithKline, Pfizer, Janssen, Moderna, Merck, Novavax
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Figure 5.1: Socio-economic trends in the United States of America

Rate of economic growth in the USA, 2008-2019 (%)
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and Sanofi. Some projects involve international collaboration,
such as the experimental vaccine developed by the German
firm BioNTech for Pfizer. In the UK, British multinational
AstraZeneca has teamed up with Oxford University.

By September, scientists participating in the White
House’s Operation Warp Speed had reportedly identified
14 vaccines for development. In December, the FDA
approved the BioNTech/Pfizer and Moderna vaccines. The
government had already prepurchased millions of doses
of each to offset some of the company costs in developing
them. The BioNTech/Pfizer vaccine must be stored at -70°C,
complicating its roll-out.

Meanwhile, AstraZeneca has signed a memorandum of
understanding with the World Health Organization (WHO)
committing the firm to supplying 300 million doses of
Covid-19 vaccines to the Covid-19 Vaccines Global Access
Facility (Covax), a mechanism designed to guarantee rapid,
fair and equitable access to Covid-19 vaccines worldwide. In
August 2020, the US government signalled that it would not
be participating in Covax, shortly after announcing plans to
withdraw from WHO.

America First

This position is consistent with the America First policy
agenda adopted in 2017. This agenda has led to US
withdrawal from a number of multilateral agreements,
including the nascent Trans-Pacific Partnership for trade,
the Paris Agreement on climate action and the Joint
Comprehensive Plan of Action, also known as the Iran nuclear
deal (see chapter 15).

Incoming President Joe Biden returned the USA to the Paris
Agreement in February 2021. He has signalled his intention
to use a planned massive infrastructure investment plan to
support the development of 'green' industries.

The America First agenda has influenced domestic policy
in broad strategic areas such as health, space and energy, as
epitomized by the titles of the America First Energy Plan (2017)
and America First National Space Strategy (The White House,
2018). These broad strategic areas will be discussed later.

In the realm of trade policy, the America First priority
sought to reverse the country’s persistent negative
international trade balance in goods through the imposition
of tariffs on several of its trading partners. In particular, the
US and Chinese economies have been perturbed since 2018
by a trade dispute that has spilled over into the arena of high
technology, technology transfer and intellectual property
protection (see chapter 23).

The first negative trade balances in goods date from the
early 1970s and have been quite severe since the turn of the
century. By contrast, the USA has enjoyed significant trade

surpluses in services, especially knowledge-intensive services.

Between 2015 and 2019, the negative balances of
combined trade in goods and services rose from
US$ 498.5 billion to US$ 616.4 billion. The biggest trade
deficit, by far, was with China, which accounted for more
than half of the total ®

In 2018, China was the USA’s biggest supplier of goods and
third-biggest market for US exports of the same. According

to the Office of the United States Trade Representative
(2020), the top export categories to China in 2018 were
aircraft, machinery, electrical machinery, optical and medical
instruments and vehicles. US exports of services to China
grew by 272% between 2008 and 2018 to US$ 58.9 billion,
topped by travel, intellectual property and transportation.

The volume of inward foreign direct investment (FDI) in
the USA totalled US$ 312.5 billion in 2018, up 14.6% over the
previous year. However, 2019 saw a steep fall in inward FDI of
37.7% (Figure 5.1). The vast majority of inward FDI has taken
the form of acquisitions of US companies by foreign investors.
In 2018, as part of the Foreign Investment Risk Review
Modernization Act, the USA enacted the most sweeping
reforms to the Committee on Foreign Investment since
2007, expanding its jurisdiction and providing a new level of
scrutiny of FDI (CRS, 2020a).

Even though China and the USA were one another’s largest
trading partner in 2018, the level of bilateral FDI is relatively
low. Increasingly stringent regulations on both sides have
severely affected investment flows. In 2018, net FDI flows
to China were down by 22.9% over the previous year to
USS 7.6 billion; net Chinese FDI flows into the USA turned
negative (USS$ -754 million, down from US$ 25.4 billion in
2016), reflecting the divestiture of assets (CRS, 2019a).

The difference with trade volumes is stark.

It is against this backdrop that science, technology and

innovation (STI) policy has evolved since 2016 in the USA.

RESEARCH TRENDS

US research enterprise strong

In 2019, the USA crossed the 3% threshold for research
intensity (Figure 5.2). The US national innovation system
still performs the largest share of global research and
development (R&D) and generates the largest share of
research-intensive industrial output (Figures 5.2 and 5.3).

In relative terms, though, the picture is changing. The US
share of global research expenditure has been shrinking as
other countries ramp up their own efforts (see Figure 1.1).

From 2003 to 2018, US value-added output by research-
intensive industries almost doubled from USS$ 570 billion to
USS$ 1.04 trillion (NSB, 2020). However, the US share of patents
awarded by the top five patent offices remained stable at 22%
between 2015 and 2019, even as China’s share progressed
from 27% to 32% (see chapter 23).

Business sector funding more basic research

In 1980, the business sector’s share of research expenditure
matched that of the federal government. Since then, the
gap has widened. The National Science Board (NSB, 2020)
estimates that the federal government funded 22% of gross
domestic expenditure on R&D (GERD) in 2017, down from
31%in 2010. By 2017, the business sector was funding 70%
of R&D and performing 73% (Figure 5.2). Of note is that the
business enterprise sector, which prioritizes applied research
and experimental development, extended its funding for
basic research to 30% of the total in 2017.This is up from 23%
in 2010 and 27% in 2013 (NSF, 2019).
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Figure 5.2: Trends in research expenditure in the United States of America
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Federal government sticking to core missions

The bulk (93.2%) of federal research expenditure was
allocated to five federal agencies in 2020 (CRS, 2020b). Two-
thirds went to the Department of Defense (41.4%) and the
Department of Health and Human Services (26.2%), which
administers the National Institutes of Health. The other three
were the Department of Energy, the National Aeronautics
and Space Administration (NASA) and the National Science
Foundation (NSF). This allocation reflects the three core
national missions of the US federal research system since the
1940s: basic research, health and defence.

More funding for strategic technologies

The White House’s 2021 research budget proposes’ an

8.8% drop for federal agencies relative to the 2020 enacted
level. Should Congress endorse this proposal, all but the
Department of Veterans Affairs will see a decline in research
funding. The biggest cuts in percentage terms would

affect the Department of Transportation (-47.6%) and the
Environmental Protection Agency (-35.4%). The biggest cuts
in monetary terms would affect the Departments of Defense,
Energy and Health and Human Services (CRS, 2020b).

The White House’s 2020 research budget proposal
(USS 162 billion) targeted strategically important
technologies underpinning the industries of the future:
artificial intelligence (Al), quantum information science (QIS),
fifth-generation wireless technology (5G), biotechnology and
advanced manufacturing (OMB, 2019).

The budget proposal for 2021 has again included major
increases for QIS and Al as part of the Administration’s goal of
doubling government-wide investment in R&D in these two
areas by 2022 relative to 2019 levels (OMB, 2020).

A less generous tax environment for firms

The private sector has developed a large research presence,
despite relatively anaemic tax incentives for R&D. The

USA ranked 26" for this indicator among members of the
Organisation for Economic Co-operation and Development
(OECD) in 2018, compared to 10" in 2000.

The Tax Cuts and Jobs Act (2017) has made provision for
reducing this generosity further from 2022 onwards. This
change will require companies to amortize research over a
five-year period, instead of counting it among their expenses
in their tax return (Kennedy, 2019). Expert projections
indicate that this change is likely to discourage business R&D
(Bellafiore, 2019).

A surge in new business registration

Entrepreneurship and knowledge-intensive start-ups are

a vital component of the US high-tech scene. The Great
Recession of the late 2000s sent start-up activity into a
tailspin that culminated in a 20-year low for the share of new
entrepreneurs in 2009 (Kauffman et al., 2017).

In subsequent years, the number of new start-ups started to
recover slowly again - as did their positive outlook on business
conditions. According to the 2020 Startup Outlook US Report
published by the Silicon Valley Bank, more than two-thirds of all
start-ups were in this optimistic frame of mind by 2020.

An exciting phenomenon during the year of the pandemic
has been the surge in the number of new businesses, as
reported by the US Census Bureau. Some 80 820 applications
had been received by November 2020, a year-on-year
increase of 30.6%. This is a major reversal of the trends of
the previous decade when applications only twice exceeded
60 000, in 2017 and 2019 (Figure 5.1).°

Less venture capital for start-ups since pandemic

The long-term effect of Covid-19 on risk capital may be
chilling. The PitchBook Financial Database anticipates a drop
in both the volume and value of transactions into 2021.
However, although the number of deals had dropped as of
the second quarter of 2020, the value of transactions was
holding steady (Figure 5.3).

The reality of venture capital investment typically diverges
from entrepreneurs’ expectations. Venture capitalists tend
to favour certain economic activities which receive the lion’s
share of investment. According to the Kauffman Capital
Report of March 2019, only 0.5% of all start-ups manage to
attract venture capital. Even in good times, the level of this
type of investment is insignificant, with rare exceptions: in
2018, there were fewer than 7 000 venture capital deals for a
total value of US$ 130 billion; of these, 191 deals were worth
US$ 100 million or more (what are known as megarounds).
The pandemic will provide opportunities for entrepreneurs
in fields of direct relevance to the treatment of Covid-19.

Venture capital funding is also subject to significant
regional disparities. Traditionally, Silicon Valley, San
Francisco and Orange County (Los Angeles) in the State of
California and metropolitan New York and the Boston area
on the Eastern Seaboard have attracted by far the most
venture capital. This was still the case in 2020 (PwC, 2020).
On aggregate, over two-thirds of all start-ups are fully
dependent on personal or family sources and over 16% are
dependent on business loans from banks or other financial
institutions.

The availability of venture capital, coupled with centres of
excellence such as the Massachusetts Institute of Technology
(Boston area) or Stanford University (California), makes the
States of California, Maryland, Massachusetts, Delaware,
Michigan and Washington best-positioned to support future
growth in knowledge-based industries, both in terms of
research funding and human resources (Figure 5.4).

STRATEGIC PLATFORMS IN DIGITAL
TECHNOLOGY

An Al strategy since 2016
There is a broad consensus between federal agencies
and the executive and legislative' branches that the USA
needs to adapt to an increasingly competitive international
environment. In response, the federal government has
prioritized key strategic platforms in digital technology since
2016 in fields that include Al, quantum computing, advanced
mobile network technology and cybersecurity.

In recognition of the growing importance of Al for
economic growth and national security, the National Science
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Figure 5.3: Trends in innovation in the United States of America
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and Technology Council (NSTC) published the first National
Artificial Intelligence Research and Development Strategic Plan
for the USAin 2016.

The Plan identifies scientific and technological requirements
for the development of Al. It advocates a public-sector strategy
focusing primarily on areas in which industry would be less
likely to invest but which could be transformational in the long
term. Seven broad action themes have been proposed (NSTC,
2016):

making a long-term investment in Al research;
developing effective methods for human-Al interaction;

understanding and addressing the ethical, legal and
societal implications of Al;

ensuring the safety and security of Al systems;

developing shared public datasets and environments for Al
training and testing;

measuring and evaluating Al technologies through
standards and benchmarks; and

better understanding the needs of the national Al research
workforce.

In August 2018, the government asked the NSTC Select
Committee on Artificial Intelligence to update the 2016 Plan.
Based on responses to a public request for information, the
updated 2019 plan includes an eighth theme, namely that of
expanding public-private partnerships to accelerate advances
in Al (NSTC, 2019a).

In February 2019, the National Artificial Intelligence
Research and Development Strategic Plan became part of
the broader American Artificial Intelligence Initiative, which
itself originated from President Trump's executive order'' on
Maintaining American Leadership in Artificial Intelligence.
This initiative serves to co-ordinate efforts to promote Al
technology and innovation across federal agencies, the private
sector, academia and the public.’? In November 2019, the NSTC
published a progress report on the status of implementation
in each of the aforementioned eight areas and concluded that
the federal agencies were playing a critical role in promoting
research in Al (NSTC, 2019a and 2019b).

Funding for research on Al has trended upwards in recent
years, leading to a growing number of publications on this
topic (Figure 5.5). The White House's budget request for
2020 even included Al as a separate category, allocating
US$ 973.5 million to non-defence research in Al. Although
defence-related research in Al remains classified, the US Chief
Technology Officer, Michael Kratsios, hinted at the size of the
increase in total research funding for Al when he stated that, ‘in
2016, the federal government spent US$ 1 billion on Al R&D in
total, including defense spending. Today’s nearly US$ 1 billion
figure doesn't include defense’ (Castellanos, 2019).

Recent initiatives have also highlighted the extent to which
the Department of Defense values Al technology. In 2018,
the Defense Advanced Research Projects Agency (DARPA)
announced a US$ 2 billion investment in a new Al Next
campaign, stating that‘DARPA sees this next generation of Al

as a third wave of technological advance, one of contextual
adaptation’ (DARPA, 2018).

In May 2020, Congress unveiled a major bipartisan proposal
to bolster US technology leadership. Championed in both the
House of Representatives and the Senate, the Endless Frontier
Act would provide a major funding boost to US innovation
efforts. The role of the National Science Foundation would be
expanded and its name would be changed to the National
Science and Technology Foundation as a consequence.

A new Technology Directorate would also be established with
a budget of US$ 100 billion over five years to lead investment
and research in ten areas, including Al and machine learning,
high-performance computing, robotics, automation and
advanced manufacturing.

Although this legislation was not put to a vote during that
particular session of Congress, it is indicative of the impetus in
both Congress and throughout the government to shore up
the federal research enterprise and expand efforts to develop
technologies deemed strategically important, accompanied
by dramatic reforms if necessary.

Meanwhile, the 2021 budget request from the White
House (OMB, 2020) has proposed significant increases for
non-defence Al, including a more than 70% increase over
the previous year for the National Science Foundation (NSF).
This increase will enable the NSF to create several national
Al research institutes, in collaboration with the Departments
of Agriculture, Homeland Security, Transportation and
Veterans Affairs. These institutes will serve as focal points for
multisector, multidisciplinary research involving academia,
industry, federal agencies and non-profit organizations.

On 7 January 2020, the White House (2020a) published the
latest addition to the American Artificial Intelligence Initiative.
In a Memorandum for the Heads of Executive Departments
and Agencies, it conveyed ten principles designed to deter
agencies from adopting any regulations that might stifle
innovation in Al (Table 5.1).

Central to these principles (Table 5.1) is the need for Al
to be developed in accordance with human rights and
democratic values, to ensure public confidence and trust in
the technology. The USA is one of the founding members of
the Global Partnership on Artificial Intelligence launched in
June 2020," which espouses these same values, as outlined in
the OECD Principles on Artificial Intelligence (2019).

The USA is, of course, far from the only country focusing on Al.
Half of the top 20 universities and public research organizations
for scientific publications on Al are located in China, compared
to just six in the USA (Figure 5.6). Of the 30 leading patent-
holders, only five are US companies - but these include IBM and
Microsoft, those with the biggest Al portfolios (Figure 5.6).

Universities are a particular strength of the Chinese system:
no fewer than 150 Chinese universities are ranked among the
top 500 for the number of patent applicants in Al, including
all top 10 positions. Twenty US universities have also made it
onto this list, with the University of California leading in 15%
place, followed by the Massachusetts Institute of Technology
in 17t place (WIPO, 2019).

Competition has also extended to venture capital. In 2012,
venture capitalists poured US$ 282 million into Al. By 2017,
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this amount had almost doubled to USS$ 5 billion but China
had still overtaken the USA by this point (Deloitte, 2019).
A year later, the USA had reclaimed the top spot with
US$ 9.7 billion in Al investment, which translated into 52.3%
of global venture capital investment in Al. This investment
gap is projected to grow further (ABI Research, 2019).
According to Deloitte (2019), this wave of investment has
helped to transform many US firms into sophisticated users
of Al technology: 30% of those responding to the Deloitte
survey were managing 11 or more Al production systems.
The primary difficulty for these firms appeared to be the lack
of human resources, with 68% of respondents qualifying the
talent gap as being moderate to extreme.

Quantum information science: a public and private
priority

In September 2018, the US National Science and Technology
Council (NSTC) published the National Strategic Overview

for Quantum Information Science. This document attempts
to create a systematic national approach to quantum
information R&D co-ordinated by NSTC's Subcommittee on
Quantum Information Science (NSTC, 2018a). The report
identifies six policy areas for QIS: a science-first approach;
the workforce; federal engagement with industry; critical
infrastructure; national security; and international
co-operation.

Shortly thereafter, Congress passed the National Quantum
Initiative Act with overwhelming support from both the
Senate and House of Representatives. President Trump signed
the legislation into law on 21 December 2018, formalizing
a multi-agency effort to develop research and a skilled
workforce in QIS. Additionally, the legislation requires that the
National Science Foundation and the Department of Energy
each establish between two and five ‘multidisciplinary centers
for quantum research and education, with each receiving
approximately US$ 10 million in funding (Thomas, 2019).

Figure 5.4: Science and engineering in the United States of America, by state

R&D performed as a share of state GDP in the USA, 2017 (%)
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Although it is difficult to determine the exact amount spent
by the federal government as a whole on QIS research,
estimates for 2018 range between US$ 200 million and

US$ 250 million (CRS, 2018b). This figure may swell with the
new National Quantum Initiative and the growing recognition
of the importance of QIS for the USA.

As with Al, the White House’s budget proposal for 2021 has
reflected this reprioritization. The requested budget allocation
for QIS has increased by 50% over the previous year on the
path to doubling the level of investment by 2022. The NSF’s
investment in QIS is set to more than double with an additional
USS 120 million to support the National Quantum Initiative. As
for the Department of Energy, it should be in a position to bolster
quantum efforts at the national laboratories and in academia and
industry, thanks to an increase of US$ 75 million (OMB, 2020).

The private sector has already established itself as a world
leader in this field. For instance, Google claimed to have
achieved ‘quantum supremacy’when announcing in 2019 that

its 54-Qubit Sycamore processor had performed a calculation
in 200 seconds that would have taken the world’s most
powerful supercomputer 10 000 years (Metz, 2019; Porter,
2019).

Patents also reflect the strong US position in quantum
computing. Using European Patent Office data, Travagnin
(2019) estimated that, although China led for the overall
number of QIS patents, particularly when it came to quantum
communication, the USA had the largest number of patents in
quantum computing (Figure 5.3).

Likewise, a higher proportion of known global private-
sector investment in quantum computing in the USA reflects
both the number and quality of US technology giants and
the volume of venture capital flowing towards start-ups in
quantum computing since 2016 (Gibney, 2019).

The US lead is increasingly being challenged by other
nations, such as Australia, Canada and China, as well as by
countries in Europe (Kania et al., 2018).

Individuals in science and engineering occupations as a share of all occupations in the USA, 2018 (%)
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|:@j Figure 5.5: Trends in scientific publishing in the United States of America
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extensively on the Zika virus (see chapter 8).

Scientists produced less than would be expected on the clean
energy topics studied. Output grew substantially between 2012-2015
and 2016-2019 only on battery efficiency (from 7 479 to 10 647
publications) and smart-grid technologies (from 5 801 to 7 369).
Output even dropped on biofuels and biomass (from 8 675 to 7 820),
photovoltaics (from 8 661 to 7 647), wind-turbine technologies
(from 4 289 to 4 092), hydrogen energy (from 4 115 to 4 034) and
cleaner fossil fuel technology (from 1334 to 1 116).

Among the selected topics with at least 1 000 publications
during the period under study, the fastest-growing topic was that of
sustainable transportation (+162%), with output rising from 4 871
(2012-2015) to 7 869 (2016-2019) publications.

Scientific publications per million inhabitants in the USA,
2011,2015 and 2019

\//

For details, see chapter 2

USA's top five partners for scientific co-authorship, 2017-2019 (number of publications)

1st collaborator 2nd collaborator 3rd collaborator 4th collaborator 5th collaborator

USA China (158 219) UK (83 678) Germany (69 443) Canada (65 364) France (45 675)

Source: Scopus (excluding Arts, Humanities and Social Sciences); data treatment by Science-Metrix
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Table 5.1: Ten principles to ensure agency support for innovation in Al in the USA

Public Trust in Al
trust in Al.

The government’s approaches to Al should promote reliable, robust and trustworthy Al applications which will contribute to public

Public Participation ~ Agencies should provide ample opportunities for the public to provide information and participate in the rule-making process.

Scientific Integrity
and Information
Quality

Risk Assessment

and Management management.

Benefits and Costs

Agencies should hold information that is likely to have a clear and substantial influence on public policy or private-sector decisions
to a high standard of quality, transparency and compliance.

Regulatory and non-regulatory approaches to Al should be based on a consistent application of risk assessment and risk

Agencies should carefully consider the full societal costs, benefits and distributional effects before implementing regulations

related to the development and deployment of Al applications.

Flexibility Agencies should pursue performance-based, flexible approaches that can adapt to rapid changes and updates to Al applications.

Fairness and Non-
discrimination

Disclosure and
Transparency

Agencies should consider in a transparent manner the possible impact of Al applications on discrimination.

Transparency and disclosure can increase public trust and confidence in Al applications

Safety and Security ~ Agencies should promote Al systems that are safe, secure and operate as intended, while encouraging the consideration of safety
and security issues throughout the process of Al design, development, deployment and operation.

Inter-agency
Co-ordination

Source: The White House (2020a)

QIS is seen as being of critical importance not only in
terms of economic competitiveness but also cybersecurity.
This concern reflects a broad sentiment underlying the
US intelligence community’s Worldwide Threat Assessment
identifying emerging and disruptive technologies and threats
(Coats, 2019):

For 2019 and beyond, the innovation that drives military and
economic competitiveness will increasingly originate outside
the USA, as the overall US lead in science and technology
shrinks; the capability gap between commercial and military
technologies evaporates; and foreign actors increase their
efforts to acquire top talent, companies, data, and intellectual
property via licit and illicit means [...] Advances in quantum
computing foreshadow challenges to current methods of
protecting data and transactions [...] Foreign deployment of a
large-scale quantum computer, even ten or more years in the
future, would put sensitive information encrypted with today’s
most widely used algorithms at a greatly increased risk of
decryption.

Challenges in deploying 5G technology
There is little doubt that the fifth generation of mobile network
technology (5G) will be one of the main drivers of economic
growth for years to come. This next generation of wireless
infrastructure will offer new and improved capabilities — such
as lower latency, flexibility, adaptability, higher capacity
and support for a larger number of connections - and it
will underwrite a continuing frenzy in the digitization and
automation of systems. It will allow for the seamless connection
of smart sensors with Al. It will enable connectivity to be
tailored to a much wider variety of uses, including machine-to-
machine interaction. As a consequence, it is expected to enable
the Internet of Things (Brake, 2020).

The strategic importance of 5G has captured the
imagination of policy-makers and private-sector strategists

Agencies should co-ordinate with each other to share experiences and ensure consistency and predictability of Al-related policies,
while protecting privacy and civil liberties and allowing for sector- and application-specific approaches, where appropriate.

alike and is constantly being touted in penned strategies
and the popular media. The impression given is that we are
engaged in a competitive race to develop and deploy 5G.

The USA faces a variety of unique challenges in the
deployment of 5G. The domestic telecommunications
equipment industry has declined from its peak in 2001 and
the country no longer has comparably sizable companies to
provide the necessary equipment for 5G (Brake, 2020).

This lack of major vendors is particularly acute when it comes
to Radio Access Network (RAN) equipment, which connects
wireless devices to the main core network and comprises
more than two-thirds of the total cost of the 5G network. The
USA also faces challenges in deploying 5G to geographically
dispersed populations and in making critical portions of the
spectrum available for commercial use (Brake, 2020).

Base stations offer one example. It is estimated that Chinese
mobile providers have, so far, deployed about 15 times as
many 5G base stations as US providers. They have done so
by utilizing the C-band allowing each base station to cover
a wider area than those in the USA which use the mmWave
(Brake, 2020). The US lacks a company that can compete with
Huawei for the manufacture of base stations. The shorter
propagation range, higher manufacturing and supply costs
and lagging deployment in the USA mean that America
pays more for fewer, shorter-ranged 5G base stations. This is
coupled with pre-existing challenges in deploying wireless
capabilities to rural populations. Together, these challenges
make deploying 5G base stations in the USA relatively difficult
and expensive (DIB, 2019)

The public sector has initiated moves to accelerate
5G deployment. Despite an ongoing effort to provide a
unified policy front, Brake (2020) characterizes efforts to
date as taking a‘scattershot’approach that seeks to focus
on infrastructure and spectrum policy, while managing
national security concerns associated with utilizing the
telecommunications equipment of certain foreign companies.
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The strategy of the Federal Communications Commission
(FCC, 2016) to Facilitate America’s Superiority in 5G
Technology (5G FAST Plan) focuses on making additional
bandwidths available for commercial use, developing
infrastructure and updating regulations. A highlight of
the spectrum policy is that it makes available the sub-

6 spectrum, in particular the C-band of 3.7-4.2 GHz. In
December 2020, the FCC plans to auction 280 megahertz
of satellite C-band spectrum to 5G cellular networks (Henry,
2020). The proceeds from these auctions will then be used
to incentivize the incumbents to co-operate in a swift
transition so that they are ready to relinquish the spectrum
completely by September 2023.

The FCC has also adopted new rules to reduce federal
regulatory impediments to deploying 5G infrastructure and
has taken steps to prevent cities from imposing excessive
fees on the deployment of 5G equipment. One such move
was the 2017 Restoring Internet Freedom Order repealing
the 2015 Title Il regulations on Internet service providers to
ensure what has been termed 'net neutrality’ (FCC, 2016).

Citing the benefits of moving away from Title Il regulations,
the FCC Chairman announced the agency'’s intention of giving
broadband providers stronger incentives to build networks,
especially in ‘unserved areas, and upgrade networks to reach
gigabit speeds and offer 5G’ (FCC, 2018).

Another regulatory change by the FCC has been to ensure
that equipment purchased through the Universal Service
Fund does not pose a national security risk. Managed by
the FCC, this fund enables interstate long-distance carriers'
to subsidize telephone service delivery to low-income
households and high-cost areas.

Legislation passed by Congress has also emphasized
national security; it has established similar security standards
for telecommunications equipment across the federal
government. Most recently in March 2020, President Trump
signed the Secure 5G and Beyond Act, which requires the
development of a more comprehensive national strategy for
5G deployment, competitiveness and security.

The same month, the White House released the National
Strategy to Secure 5G. It identifies four missions for the

Figure 5.6: Top companies and research institutions publishing and patenting in artificial

intelligence worldwide
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administration: facilitate domestic 5G rollout; assess risks

to, and identify, core security principles of 5G infrastructure;
address risks to the US economic and national security in 5G
infrastructure development and deployment; and promote
responsible global development and deployment of 5G
(The White House, 2020b).

The push for security in telecommunications equipment
has been central to the administration’s trade and
diplomatic efforts related to 5G. In May 2019, President
Trump signed an executive order to prevent the importation
and use of 5G equipment that pose a national security
threat. The administration has also added China’s leading
telecommunications company Huawei to the Department
of Commerce’s Entity List, barring US companies from
selling technology to the company. Simultaneously, the
USA has been urging allies to adopt similar national security
requirements around 5G equipment.

The National Strategy to Secure 5G, combined with the
legislative requirement for the government to develop a
comprehensive national strategy for 5G, suggests that the

various scattershot policies may soon coalesce into a more
unified effort.

So far, various federal agencies have approached 5G
in accordance with each agency’s mandate. With the
Department of Defense occupying large portions of the
sub-6 spectrum and the FCC moving to clear sub-6 spectrum
for commercial use, a unified approach to spectrum policy
and 5G may offer a viable policy response. Overcoming the
spectrum, security and geographical challenges will be vital
for the development of 5G networks. In this effort, the USA
expects to benefit from its strong advantages in terms of
the dynamic competition among private actors, its proven
innovative capacity and leading semiconductor sector.

Steps to improve cybersecurity readiness

Federal budgets for cybersecurity have been growing
rapidly. Although cybersecurity is not a new concern, the
significant breaches surrounding the 2016 US presidential
election have shone a spotlight on cybersecurity for the
American public (Geller, 2019). According to a 2019 survey by

Top 20 universities and public research organizations publishing on artificial intelligence, by number of publications, 2018
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the Pew Research Center, Americans see cyberattacks from
other countries as the top international threat, above that of
terrorist militant groups and global climate change. (Poushter
and Huang, 2019). Data privacy has also become an issue of
major public importance (Box 5.1).

Despite cybersecurity being an issue of growing
importance for US citizens, companies and the government,
leadership on cybersecurity in the US federal government
remains decentralized. This has created a fairly disjointed
system, with overlap among multiple federal agencies
creating cracks in government oversight. The most notable
of these agencies are the Department of Defense’s Cyber
Command and the Department of Homeland Security’s
Cybersecurity and Infrastructure Security Agency.

The USA does not yet have a federal-level consumer data
privacy law or a data security law. Instead, it relies on a patchwork
of regulations from various levels of government and domains
to cover its cybersecurity and data privacy legal framework.

A recent report by the Center for a New American Security
found that the USA's current cybersecurity legal framework
‘is ill-suited to address cybersecurity questions either for
legislative oversight or effective policy-making’and that
‘existing laws, executive structure and congressional
oversight mechanisms are a mismatch for the nature of
the cybersecurity challenges presented by a complex,
technologically integrated society’ (Cordero and Thaw, 2020).

The federal government has taken steps to improve the
country’s cybersecurity readiness by increasing funding and
setting up a Cyberspace Solarium Commission in 2020. The
federal budget has increased from US$ 15 billion in 2018 to
USS$ 18.8 billion in 2021. A majority of this funding goes to the
Departments of Defense and Homeland Security.

The Cyberspace Solarium Commission has been created to
‘develop a consensus on a strategic approach to defending
the USA in cyberspace against cyberattacks of significant
consequences’ (CSC, 2020). It makes recommendations
to Congress around five pillars: government reform;
strengthening norms; promoting resilience; operationalizing
work with the private sector; and using military power.

The focus is on working with allies and partners to shape
and promote responsible behaviour in cyberspace,
frustrating adversaries who exploit cyberspace to American
disadvantage and imposing costs on actors who target the
USA in, and through, cyberspace. There is a strong emphasis
on defence against catastrophic cyberattacks (Lewis, 2020).

With regard to the first pillar on government reform,
one key recommendation by the Solarium concerns the
appointment of a National Cyber Director. Supported by
dedicated staff within the Executive Office of the President,
he or she would serve as the president’s principal advisor
for cybersecurity-related issues and lead national-level co-
ordination of related policies both within the government and
with the private sector.

A second key recommendation is for a select committee
to be established in both the House and Senate to provide
integrated oversight of the cybersecurity efforts dispersed
across the federal government.

Further recommendations are for Congress and the executive
branch to pass legislation and implement policies designed
to recruit, develop and retain cybertalent more effectively to
deepen the pool of candidates in the federal government.

All of these recommendations were published in a report
by the Solarium in 2020 but have not yet been acted upon
(CSC, 2020).

Box 5.1: Are tech giants monopolizing the information technology sector in the USA?

Just before the Covid-19 pandemic

hit the USA in early 2020, a growing
public outcry against what many
perceive as the monopolization of

the information technology sector

led federal regulators to start a wide-
ranging effort to determine whether
the acquisition strategies of the five US
giants were harming competition and,
thereby, penalizing consumers, while
evading regulatory scrutiny.

These five giants are Alphabet
(Google's parent company), Amazon,
Apple, Facebook and Microsoft. They
had a combined net worth over
USS 5.6 trillion in 2018 that grew by
more than 52% in 2019 (The Economist,
2020a). An unbroken flow of mergers in
the information technology sector has
contributed significantly to this market
concentration.
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The 'big five'are able to amass and
access reams of personal data that are
a commercial goldmine but also raise
ethical issues about data privacy. They
support social media platforms that
have been used for political advertising
and to disseminate disinformation, with
the potential to sway voters. A scandal
involving the usage of Americans’data by
British political consulting firm Cambridge
Analytica to influence the 2016 US
presidential election has opened a fierce
debate about how major tech companies
use and store Americans'data.

This dominant position has raised
concerns in Congress and beyond about
the'big five's'growing influence on
American society, the economy and politics.

In 2020, the Federal Trade Commission
(FTC) ordered the 'big five'to provide
detailed information of their acquisitions

of smaller rivals. These investigations
are being shared with the Department
of Justice (DOJ) and the US Congress,
who are conducting their own
independent antitrust reviews of these
technology companies.

The FTC has the power to sue
companies to put an end to anti-
competitive behaviour. It can take them
to court or agree to a settlement that
may include a financial penalty. The FTC
can block mergers or acquisitions and
can even unwind acquisitions or mergers
that have already been consummated.

For its part, the DOJ's Antitrust
Division can prosecute antitrust
violations in criminal court.

The outcome of these investigations
was pending as of early November 2020.

Source: compiled by authors



BROAD PRIORITIES: ADVANCED
MANUFACTURING

Advanced manufacturing to bolster sector

Beyond the aforementioned strategic platforms in digital
technology, American core policy efforts extend to broader
fields that include advanced manufacturing, energy and the
environment, health and space.

The decline of traditional manufacturing has become a
sensitive issue in the USA. Manufacturing output in 2017 was
at least 5% greater than in 2000 but the sector has become
more capital-intensive and less labour-intensive, owing to
the widespread introduction of automation. Some 5.5 million
manufacturing jobs were lost between 2000 and 2017. This
drop can also be attributed to a skills mismatch for today’s
more sophisticated manufacturing sector (Hernandez, 2018).

The manufacture of modern devices such as smartphones
and medical equipment, but also household items such
as desk lamps equipped with light-emitting diode bulbs,
requires considerable specialization, owing to the complexity
of their components. Manufacturers, thus, have recourse to
subcontractors who specialize in a narrow field and who,
themselves, rely on other suppliers for essential materials such
as display driver chips made in semiconductor factories (‘fabs’)
around the world. Having such a tiered supply system, or value
chain, makes it very difficult to reshore manufacturing, or to
repurpose a production plant overnight (Shih, 2020).

Manufacturing contributed 11.2% of national GDP in
2017, compared to 12.8% a decade earlier. This decline is of
policy concern, even though the sector still plays a large role
in the economy. In 2018, the USA had the second-largest
manufacturing output in the world (US$ 1.9 trillion) after
China (USS 2.1 trillion). US manufacturing output accounts for
16% of the global total (Manufacturing USA, 2019).

Manufacturing also figures high on the policy agenda on
account of the sector’s importance to science and technology,
high value-added jobs and security concerns (Bonvillian and
Singer, 2018; Ramaswamy et al,, 2017). It is the manufacturing
sector that attracts the lion’s share (70%) of private-sector
funding and where the bulk of private-sector research
is performed. It is, thus, hardly surprising that most new
products and processes have historically originated in the
manufacturing sector.

Fourteen institutes in advanced manufacturing

In light of such concerns, the Obama Administration embarked

on an ambitious Manufacturing USA programme in 2014,

the year that Congress passed the Revitalize American

Manufacturing and Innovation Act. This programme set out

to blend industry, academia and government in a network

of advanced manufacturing institutes to promote US

competitiveness. Headquartered in the National Institutes

of Standards and Technology, Manufacturing USA brought

together the National Aeronautics and Space Agency (NASA),

the National Science Foundation and the Departments of

Commerce, Defense, Energy, Education, Agriculture and Labor.
Fourteen Manufacturing USA institutes were established

between 2012 and 2017, sponsored by the Departments of

Defense, Energy and Commerce (Figure 5.7). Collectively,
these institutes reach 1 291 member organizations, of which
844 are manufacturing firms and 65% are small- and medium-
sized manufacturers. These 14 institutes cover a broad range
of technological fields ranging from fabrics and lightweight
materials to integrated photonics and advanced robotics
(Figure 5.7).

An Industry 4.0 campaign
Advanced manufacturing has attracted policy attention
throughout the White House’s Industry 4.0 campaign, which
is using a combination of emerging digital technologies
to transform industry. These include industrial robotics, Al,
additive manufacturing (also known as 3D printing), high-
performance materials, semiconductor and hybrid electronics,
photonics, advanced textiles, biomanufacturing and agrifood.
Developed by the National Science and Technology Council
(NSTC, 2018b), the Industry 4.0 strategic plan presents a vision
for American leadership in advanced manufacturing across
industrial sectors to ensure national security and economic
prosperity. Its three goals are: to develop and transition to new
manufacturing technologies; to educate, train and connect the
manufacturing workforce; and to expand the capabilities of the
domestic manufacturing supply chain. It is not yet clear which
instruments will be used to implement the plan.

BROAD PRIORITIES: ENERGY AND
ENVIRONMENT

Rapid growth in natural gas and renewables

The US energy system has undergone a metamorphosis over
the past couple of decades, thanks to technological advances
in energy production and efficiency. This has led to steep

drops in the price of renewables and to exploitation of huge

oil and natural gas deposits in unconventional formations like
shale, through hydraulic fracturing (fracking) and horizontal
drilling, which have raised environmental concerns; widespread
fracking has, in turn, reduced the price of natural gas.

Coupled with changes in consumption patterns, these trends
have reversed the course of the country from being a growing
importer of most forms of energy to a declining importer and
even net exporter of oil, natural gas and natural gas liquids.

Since 2017, the government has been pushing hard for
energy pre-eminence and security. Although the rise in
fossil-fuel production has taken place mostly on onshore non-
federal lands, legislation adopted since 2017 has opened up
vast public lands to energy prospecting. For instance, nearly
80 million acres of federal waters off the Gulf of Mexico were
leased in 2019 for the purpose of oil and gas drilling. This
reverses the trend between 2008 and 2017, which saw the
share of total gross withdrawals of oil and gas from federal
public lands drop from 25% to 13% (CRS, 2018a).

The expansion of oil, natural gas and renewables has been
supported by active private- and public-sector investment,
including generous tax incentives and steady increases in
research funding at the Department of Energy. Between
2015 and 2020, this agency saw its overall research funding
increase by 22% to about US$ 19.2 billion (AAAS, 2019).
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Between 2010 and 2018, the USA accounted for the most
growth in investment in the global energy supply. In 2018,
the USA was the second-largest market for investment in
energy after China (Figure 5.8) but the lion’s share of this
investment flowed towards the supply of fossil fuels.

Major transformations are anticipated in the electric power
sector, especially. This is because the current infrastructure
is ageing and the relative shares of fuel types are changing.
There are also considerable uncertainties about how to
modernize the power grid by improving transmission and
reliability in the face of potential cybersecurity threats and
growing interest in renewable energy.

US investment in renewable power has remained high
since 2015 (IEA, 2019). It even jumped by 16% in 2018.
Investment in distributed solar photovoltaics that year
amounted to around USS$ 15 billion, second only to China.
Investment in renewables is being bolstered by falling costs,
federal tax credits that were extended by five more years
in December 2015, state portfolio standards and corporate
procurement (IEA, 2019; Mai et al., 2016).

A serious roadblock to encouraging renewable energy
deployment has been the huge legacy investments of large
established energy companies (Pickl, 2019). US supermajors
Chevron and ExxonMobil, for instance, have not followed
the path of Royal Dutch Shell, Total, BP, Eni and Equinor in
transitioning to broader energy companies with portfolios
that include a much larger proportion of renewables.

Greater federal spending on energy research

The amount of federal spending on overall energy R&D

has steadily increased since the 1990s, with research on
renewables and efficiency gains making up a greater
proportion of spending over time. This increase has continued
unabated since 2017, despite the large cuts proposed in each
of the Administration's annual budget requests, because
Congress has not endorsed these proposals. For instance,
under the White House’s budget proposal for 2021, the
allocation for energy research would drop by 45.0% over

the enacted 2020 level.”® ‘Funding for energy efficiency and
renewable energy R&D would decrease by 70.1% and the

Figure 5.7: Manufacturing USA institutes, 2017
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Advanced Research Projects Agency-Energy (ARPA-E),
would be terminated. ARPA-E has funded more than 800
‘potentially transformational’ energy technology projects for
USS$ 2.3 billion since its inception in 2009 (CRS, 2020b).

The Department of Energy accounts for about three-
quarters of the federal government’s annual investment
in clean energy innovation, estimated at US$ 6.4 billion.'®
Investment in clean energy innovation accounted for more
than 90% of the department’s total investment at the stages
of basic and applied research in 2016. Since 2014, funding
for energy efficiency and renewable energy R&D at the
Department of Energy has more than doubled, steadily
increasing each year from US$ 961 million in 2014 to over
US$ 2 billion in 2020 (AAAS, 2020).

Most of the business sector’s funding of basic and applied
research was complemented by federal funding in 2016.
More than half of funding at this stage concerns generation
technologies (Breakthrough Energy, 2019). Taken together,
the public and private sectors invested about US$ 55.5 billion in
clean energy in 2019. This places the USA second in the world
for the size of overall investment in clean energy, trailing
China’s US$ 83.4 billion investment the same year.

A rollback of environmental protections

Although investment in clean energy and R&D has increased,
the USA has also seen a widespread rollback of environmental
protections since 2017. Popovich et al. (2019) identified more
than 90 environmental rules and regulations which had

been rolled back by mid-2019. The Trump Administration is
promoting deregulation on economic grounds, arguing that
this will bring greater choice, productivity and competition
and less red tape for businesses.

The decision to withdraw from the Paris Agreement was made
on similar grounds (Pompeo, 2019). This move has been highly
contested, including by several states which have committed
to respecting their share of the USA’s Nationally Determined
Contribution under the Paris Agreement (Figure 5.8).

For example, the California Air Resources Board signed an
agreement with four automakers - Ford, Honda, Volkswagen
and BMW - in July 2019 to increase fuel-efficiency standards
gradually and support the transition to electric vehicles. This
agreement covers about 30% of new cars and sport utility
vehicles sold in the USA. In parallel, a California programme
is helping to fund the development of hydrogen refuelling
stations for zero-emission fuel-cell vehicles. According to
the US Energy Information Administration, about 40 of the
country’s 60 or so hydrogen refuelling stations are situated in
the State of California. Transportation accounted for 28% of
energy consumption in the USA in 2019, according to the US
Energy Information Administration’s website.

On 8 July 2019, the US Environmental Protection Agency
published its final Affordable Clean Energy Rule to regulate
greenhouse gas emissions from certain existing coal-fired power
plants (EPA, 2019). This rule is part of the America First Energy Plan
(2017) and replaces the former administration’s Clean Power Plan
(2015). The Clean Power Plan set emissions reduction goals for
each state, allowing flexibility on how to meet those goals, thus
putting pressure on high-emitting coal plants.

The Affordable Clean Energy Rule has a narrower scope
than the Clean Power Plan, in that it will regulate the emissions
of individual power plants. Although it is unlikely that this
regulatory relief will save the coal industry from being
marginalized by the burgeoning oil, natural gas, wind and
solar industries, the new rule does remove some regulatory
pressure from coal plants (EPA, 2019).

The USA has achieved significant reductions in carbon
dioxide (CO,) emissions. These are approximately at the level
of the early 1990s, despite the economy having doubled in
size since then (Breakthrough Energy, 2019). In addition to
efficiency gains, this trend is largely due to the shift away from
coal in electricity generation in favour of the cheaper options
of natural gas and renewables (Figure 5.8).

This shift is reflected in the US Energy and Employment
Report (2020). It relates that, in 2019 alone, 8 000 jobs were
lost in coal-fired generation, even as 11 000 jobs were created
in the renewable technology sector and 9 100 jobs in the
natural gas sector (Brady, 2020). In Congress, there are signs
of a growing bipartisan consensus on the need to address
climate change, leaving room for additional policy support to
lower emissions and increased production.

BROAD PRIORITIES: HEALTH

Pandemic has brought remote health technologies to
the fore

Besides pharmaceutical compounds, US industry is playing
a leading role in advancing health care technology in fields
that include automation, robotics and Al. Robotic surgical
machines are already a regular presence in American
operating rooms, the fruit of billions of dollars of investment
by US companies such as Intuitive Surgical, Johnson &
Johnson, Medtronic and Stryker.

The Covid-19 pandemic has demonstrated the importance
of remote health technologies, which are destined to outlive
it. These include technologies for monitoring and diagnosis
such as wearables and mobile phone applications that
have originated from other sectors. General Electric’s Mural
virtual care is being used for remote monitoring of ventilated
Covid-19 patients, for instance.

Life expectancy is not rising
Despite these achievements, recent health statistics call into
question whether the country is using its well-oiled and
expensive health machine effectively, especially against the
backdrop of the Covid-19 pandemic. Life expectancy is not
rising and deaths and morbidity from cardiovascular disease
are not falling. Four in ten (42.4%) adults were obese in
2017-2018, up from three in ten (30.5%) in 2000, according
to the CDC. A recent study by the University of North Carolina
at Chapel Hill found that obese patients (those with a body
mass index of 30 or more) were 48% more likely to die from
Covid-19. For the authors,‘a major concern is that vaccines
will be less effective for the individuals with obesity’
(Popkin et al., 2020).

The USA is also experiencing an opioid epidemic. Doctors
prescribe opioids to treat chronic and acute pain but these
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substances can lead to addiction. Opioids were involved

in 46 802 overdose deaths in 2018, according to the CDC,
representing 70% of all deaths from a drug overdose that
year. The Administration’s research budget for 2021 proposes
a specific allocation of US$ 1.4 billion to the National Institutes
of Health ‘for the opioid and methamphetamine epidemic’
(CRS, 2020b).

An inequitable health system
The health system suffers from issues of access and equity. The
USA spends more per capita on prescription drugs than any

other OECD country."” The 2018 National Healthcare Quality and
Disparities Report underlines financial reasons as a major factor
for lesser care among populations of lower income levels and
ethnic backgrounds (AHRQ, 2018). An estimated 14% of the
population remains uninsured (Maddox, 2019).

The formal request by the Trump Administration on 25 June
2020 for the Supreme Court to strike down the Patient
Protection and Affordable Care Act (2010, familiarly known as
Obamacare), which has extended access to health insurance,®
sparked a heated debate. Such a move has been possible since
2017 when the US Congress removed the penalty for Americans

Figure 5.8: Trends in energy in the United States of America
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without health insurance. Two lower federal courts have already
ruled that this action made the Affordable Care Act’s individual
mandate unconstitutional, an argument seized upon by the
solicitor-general when he filed the legal brief on behalf of the
government in 2020 (Dwyer, 2020).

An unsustainable trajectory?

US health care spending reached an astronomical

USS$ 3.5 trillion in 2017, about 18% of GDP (Maddox, 2019;
CMS, 2019). Recent projections are for national health
expenditure to grow at an average annual rate of 5.4%

between 2018 and 2028 and represent 19.7% of GDP by the
end of this period (US$ 6 192.5 trillion), while the insured
share of the population is expected to fall from 90.6% to
89.4% over the same period (Figure 5.9).

The share of health care financed by federal, state and local
governments is expected to rise by 2% to 47% by 2028, with
the cost of Medicare being instrumental in driving up the
federal government’s share from 28% to 31%. The projected
business and household share is expected to fall from 55% to
53% over the same period (Keehan et al., 2020). This appears
to be an unsustainable trajectory.

Subnational commitments to meeting the USA’s Nationally Determined Contribution under the Paris Agreement
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Source: Capuano, L. and EIA (2020) Annual Energy Outlook 2020. Presentation by Dr Linda Capuano. US Energy Information Administration; EIA (2020) April 2020: Monthly Energy
Review; for DOE budget and Paris Agreement commitments: Breakthrough Energy (2019), Figures 1-4 and 1-7; for energy investment: International Energy Agency (2019)

World Energy Investment 2019. All rights reserved
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Figure 5.9: US national expenditure on

health care by spending category, 2016,

2018 and projections to 2028
In USS$ billions
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Source: Adapted from Keehan et al. (2020), Exhibit 4, p. 708
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Hospitals account for about one-third of the budget,
physician and clinical services for another one-fifth and
prescription drugs for almost another one-tenth (Figure 5.9).
An additional significant cost relates to medical devices. It
is projected that both the cost of these devices and the cost
of drugs will increase substantially in the coming years. It
is in these two areas that much of scientific research and
innovation is taking place, as we shall see in the following
paragraphs.

How much innovation are Americans prepared to pay for?
Prescription drugs typically cost more in the USA than
elsewhere (Kliff, 2018). The USA is exceptional, in that

it neither regulates, nor negotiates the prices of new
prescription drugs. Other countries employ public agencies
to negotiate with pharmaceutical companies an appropriate
price, typically on the basis of the incremental benefits of

the new drug over extant medication.' The USA has no such
agency.

Medicare, which covers about 55 million Americans over
the age of 65 years and which, together with Medicaid,
shoulders a substantial share of medical expenses (Figure 5.9),
is prohibited by federal law from negotiating drug prices or
making decisions about drug coverage. Medicare is, instead,
required to cover nearly all drugs approved by the FDA,
irrespective of whether these constitute an improvement over
extant medication.

Thousands of other health insurance plans negotiate their
own prices with pharmaceutical producers separately. The
exception is the Veterans Health Administration, which can
negotiate drug prices and, as a result, covers fewer products
at prices usually one-third or more cheaper than Medicare.

The rationale is industry profitability: the expectation of
higher profits, the argument goes, makes the pharmaceutical
industry attractive to investors; higher investment, in turn,
means more research towards new and innovative cures.

This generous subsidy at the back end is supplemented
by another sizeable subsidy at the front end, in the form of
the investment in basic research provided by the National
Institutes of Health and, thus, by the American taxpayer. This
translates into approximately US$ 31 billion in expenditure on
basic research to assist the pharmaceutical sector.

US consumers pay the highest prices in the world for the
medication they buy over the counter. These high drug prices
help to subsidize pharmaceuticals research in the rest of the
world but this model is reaching its limits as health care costs
spiral upward. The question for policy-makers is: how much
innovation are Americans comfortable paying for?

Intellectual property protection is a salient part of this
system. Intellectual property rights play an important role in
the development and pricing of pharmaceutical products.
Patents give inventors temporary monopolies, allowing them
to charge less competitive prices by delaying the entry of
competitors manufacturing generic drugs and biosimilars.?
Congress has legislated on both, with the Hatch-Waxman Act
(1984) serving to speed up the introduction of generics and
the Biologics Price Competition and Innovation Act (2009)
doing the same for biologics (CRS, 2019b).



Precision medicine gaining traction

Twenty years on from the first sequence of a human genome,
and at huge expense, we now know that the vast majority

of diseases do not depend on individual genes. Rather,
everyone's genome is unique. This has led to precision
medicine. The 21t Century Cures Act (2016) was a milestone,
in that it allowed new clinical trials to factor in personalized
parameters, such as biomarkers and genetics.

The 21t Century Cures Act established four projects
under the National Institutes of Health, namely, the Cancer
Moonshot, the Brain Research through Advancing Innovative
Neurotechnologies (BRAIN) Initiative, the Precision Medicine
Initiative and Regenerative Medicine. These research
programmes have no statutory basis,>’ meaning that they may
be eliminated at the discretion of the president (CRS, 2018a).
Between 2017 and 2020, all budgetary amounts authorized by
the 21t Century Cures Act were fully appropriated (CRS, 2020b).

In 2019, 25% of the 48 new molecular entities approved
by the FDA's Center for Drug Evaluation and Research for
therapeutics (44) and diagnostics (4) were personalized
medicines, according to the Personalized Medicine Coalition.
These approvals are part of a trend that began in 2014, when
the Coalition classified 21% as personalized medicines. The
share of personalized medicines peaked at 42% in 2018.

Precision, of course, brings complexity, namely, the need to
understand the molecular variation of individual patients, in
order to develop ever-more effective treatments. A drug that
works well on one subtype of a disease might fail in a trial that
includes patients with another subtype. Cancer, diabetes and
Parkinson’s disease have already benefitted extensively from
precision medicine (The Economist, 2020b).

Under the Precision Medicine Initiative, the All of Us
Research Program began enrolling volunteers in May
2018 in a study which prioritizes populations traditionally
underrepresented in biomedical research (Whitsel et al.,
2019).2 The aim is to compile a vast database to inform
research on a wide variety of health conditions. The data
platform will be open to researchers worldwide. By September
2020, the programme had recruited 225 000 volunteers out of
the 1 million it hopes to enrol in the programme.

The Million Veteran Program launched in 2011 takes a
broadly similar approach to the All of Us Research Program,
gathering reams of data from individuals but with an
additional emphasis on conditions that disproportionately
affect veterans, such as post-traumatic stress disorder. This
programme is still active; it is part of the president’s budget
request for 2018 for the Department of Veterans Affairs.

As costs have dropped with the growing sophistication
of genome-sequencing technologies, related programmes
in the USA and elsewhere have produced torrents of data
on individual human genomes, spawning a booming
pharmacogenetic industry. In order to analyse this
burgeoning volume of data, pharmaceutical companies will
become highly dependent on artificial intelligence and cloud
computing. They will need to work together with data giants.

New biological insights, new ways of analysing patients
and new forms of drugs are opening up a wide range of
therapeutic possibilities. Unfortunately, that does not

automatically translate into profitable opportunities, since
precision medicine also raises costs.

This may help to explain at least part of the cost projections
(Figure 5.9). It also suggests that the public health system will
need a master plan in order to avoid a situation in which an
inordinate share of the public health budget is monopolized
by a single disease affecting only a few thousand citizens
(orphan drugs).

BROAD PRIORITIES: SPACE EXPLORATION

An America First space policy

Since taking office in January 2017, the Trump Administration
has released four space policy directives. The first announced
the National Space Policy focusing on pioneering and
exploration, peace through strength and improving space
architecture and capabilities. This directive announced the
intent to create policies supporting the US commercial space
industry over foreign companies while continuing to rely on
foreign partners for burden-sharing on larger, more ambitious
projects like the International Space Station.

The next three directives addressed the commercialization
of space, space traffic management and the creation of a
US Space Force military corps, respectively. The
Administration has announced plans to return to the Moon
and to be the first to‘set foot’ on Mars (Box 5.2).

Released in February 2019, the Space Policy Directive-4
(The White House, 2019) announced the creation of a sixth
service of the US military, the Space Force. It will be structured
as a corps within the US Air Force.

In support of these ambitious plans, the NASA budget
received a 5% boost between 2019 and 2020 to US$ 22.6
billion. In the government’s budget proposal for the 2021
fiscal year, NASA was one of only four agencies to receive an
increase in its overall budget, with the government proposing
a 14% jump.

A Space Force
The goal of the Space Force is ‘to consolidate authority and
responsibility for national security space in a single chain of
command, to build a robust cadre of space professionals who
can develop space-centric strategy and doctrine and to avoid
the conflicts of interest inherent in the other services that have
short-changed space programs for decades’ (Harrison, 2018).
Several other countries have already announced similar
space commands, including China, France and the Russian
Federation. The weaponization of space is rapidly becoming
a serious geopolitical and security concern, complicating
international relations (The Economist, 2019).

NASA tasking commercial partners with space economy
NASA is returning human spaceflight capabilities to the USA
for the first time in nearly a decade. Since the retirement of the
Space Shuttle Program in 2011, American astronauts have relied
on the Russian Federation for launches to the International Space
Station orbiting Earth at an altitude of 400 km.

The retirement of the Space Shuttle Program was one
consequence of years of budget cuts. This long period of
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austerity had left NASA's research budget smaller in 2014 than
20 years earlier (in billions of constant 2012 US$), obliging
NASA to shift its focus ‘away from human spaceflight, as part
of a cost-cutting drive’ (Stewart and Springs, 2015).

The retirement of the Space Shuttle was also part of NASA's
effort to channel resources away from an old technological
system to the next-generation Space Launch System (Box 5.2).
The latter is now almost complete and should be far superior
to the Space Shuttle.

NASA has adopted a strategy of increasingly tasking
commercial partners with developing the space economy,
while the agency focuses its own resources on deep space
exploration. NASA said as much in a statement issued on
28 February 2017, in which the agency explained that it was
‘changing the way it does business through its commercial
partnerships to help build a strong American space economy
and free the agency to focus on developing the next-
generation rocket, spacecraft and systems to go beyond the
Moon and sustain deep space exploration’ (Thompson, 2017).

NASA’s new Commercial Crew Program is partnering with
the SpaceX and Boeing corporations. SpaceX transported
astronauts Bob Behnken and Doug Hurley to the International
Space Station on 3 June 2020, the first time that a private
company had launched humans into space.

This feat has ushered in a new era. Public—private
partnerships will enable NASA to offload some of its more
regular space activities, in order to focus more on long-term,
big budget projects such as Artemis and Moon to Mars
(Box 5.2).

A space economy dominated by US firms?

The year 2019 marked a peak in global investment in space,
with firms headquartered in the USA accounting for 55% of
the total. The USA was followed by the UK (24%), France (7%)
and China (5%) [Space Capital, 2020].

The US space industry was valued at approximately
US$ 158 billion in 2016. It is estimated that‘space systems’ within
the aerospace and defence industries contributed US$ 39 billion
to US economic output in 2018, making space commerce a
lucrative industry for the US economy (Highfill et al., 2019).

NASA's public—private partnerships have been key to
the development of the private space industry in the USA.
Currently valued at over US$ 33 billion, SpaceX is now one of
the world’s most valuable private companies; it has already
launched the most powerful rocket in the world, Falcon
Heavy, in February 2018.

SpaceX has even bigger plans, announcing its intention
to develop Mars-destined rocket systems that it labels
Starship. It also plans to roll out a constellation of 12 000 small
satellites through its new Starlink system to provide global
Internet connectivity. This system already has hundreds of
satellites in orbit and has earned the support of the Federal
Communications Commission.

Another US company, Blue Origin, is working on building
and launching BE-4, a massive reusable rocket.

Boeing is the primary contractor for NASA's new Space Launch
System rocket. The company is also competing with SpaceX to
provide the necessary capabilities for a mission to Mars.

This reflects a growing private-sector focus on commercial
space activities that range from space tourism to satellite
communications and asteroid mining.

TRENDS IN HUMAN RESOURCES

Jobs in science and engineering pay better

There are about 7 million workers in the USA who employ
their scientific expertise and technical knowledge in four
broad occupational categories: construction and extraction
(21%), health care (20%), installation, maintenance and repair
(20%) and production (16%) [NSB, 2020].

Box 5.2: The USA: back to the Moon then on to Mars

Supporting the Administration’s focus
on space pioneering and exploration,
NASA announced the Artemis project
in 2018, as part of the National Space
Strategy.

The Artemis project aspires to send
the next man and the first woman to
the Moon by 2024 (The White House,
2018). This mission will act as a testing
ground for developing the capabilities
necessary to reach Mars, making
Artemis the foundation of NASA's
Moon to Mars approach.

The project has been named after
Artemis, the Greek goddess of wild
animals, the hunt and the Moon, the
twin sister of Apollo, god of the Sun.
Apollo was the last NASA programme
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to land an astronaut on the Moon, Gene
Cernan, in December 1972.

Unlike the Apollo missions of the 1960s
and 1970s, the Artemis mission will aim
to establish a sustainable presence on the
Moon and will work in collaboration with
commercial and international partners.

With an ambitious time-frame, Artemis
will be powered by NASA's forthcoming
Space Launch System. Artemis will include
a new powerful rocket and command
module, Orion, which will serve as an
intermediary step for flying to the Moon
then back to Earth. Orion will dock with
another key component of the Artemis
mission, a Lunar Gateway that will serve as
an orbital outpost of the Moon to support
human exploration there.

The development of a modern
lunar lander and a new generation of
spacesuits are also key elements to
NASA's return to the Moon.

Beyond the Moon

Following a series of Artemis Moon
missions over the next decade, NASA
will aim to put astronauts on Mars in
the 2030s.

Federal funding is also projected to
support both an orbiter and a lander
for Jupiter's moon Europa and Saturn’s
largest moon, Titan, not to mention
a solar probe, a new Mars rover and
research on the Kuiper Belt.

Source: compiled by authors



The great majority of these individuals work for the
business enterprise sector (72%), followed by educational
institutions (16%) and the government (12%). Many others
with relevant training are employed in occupations not
formally classified as science and engineering jobs
(NSB, 2020).

Employment in science and engineering occupations has
grown more rapidly than the workforce as a whole and now
represents about 5% of all US jobs (Figure 5.4).In 2017, the
median annual salary in science and engineering occupations
across workers of all education levels was US$ 85 390, more
than double the median salary for all US workers (US$ 37 690)
[NSB, 2020].

Foreign-born workers employed in science and engineering
occupations? tend to have higher levels of education than
those born in the USA: 17% of foreign-born workers held
a doctorate in 2017, compared to 9% of US native-born
individuals in these same occupations, according to the
National Science Board’s science and engineering indicators.
Among foreign-born computer scientists, mathematicians
and engineers, more than half held a doctorate in 2017.

A need for greater inclusiveness

The number of underrepresented minorities — Blacks, Hispanics
and American Indians or Alaskan Natives — working in science,
technology and engineering in the USA has grown but these
groups remain underrepresented, relative to their overall
presence in the workforce and population. In 2017, they made
up just 13% of the science and engineering workforce but 28%
of the US workforce as a whole (NSB, 2020).

The number of women in science and engineering jobs
rose from 1.3 million to 2 million between 2003 and 2017.
However, even after this increase, women only accounted
for 29% of the science and engineering workforce, despite
making up 52% of the general workforce with tertiary
education.

Many private companies and public agencies are currently
making hiring a diverse workforce a pillar of their annual
strategies (see chapter 3).

Distance learning imposed by the Covid-19 pandemic may
accentuate the social divide in higher education. An April
2020 survey by McKinsey found that only 40% of students
from low-income households were able to obtain the
necessary equipment for distance learning, compared with
72% of students from high-income households. Only 56%
of students from low-income households reported having
reliable Internet access, compared with 77% of high-income
students (Kim et al., 2020).

Automation and Al threatening jobs
The US science and engineering workforce is growing
but the system faces major obstacles. Challenges include
retraining workers displaced by automation, robotics and Al,
encouraging students to enrol in science and engineering
fields and recruiting a diverse workforce that is representative
of the population.

Many workers are vulnerable to job displacement by
automation, robotics or Al. Among those most likely to be

displaced by automation are individuals with a high-school
degree or less who are performing standardized tasks. These
individuals are more than four times more likely to hold
highly automatable jobs than those with bachelor’s degrees
(see also Figure 3.1). Twelve million such workers of Hispanic
and Afro-American heritage have already been displaced by
automation. In the coming decades, it is estimated that about
25% of US jobs (36 million in 2016) will face high exposure to
automation (Muro et al., 2019a).

A relatively new phenomenon is that Al is threatening
better-paid professional jobs in high-tech fields and
metropolitan areas (Muro et al., 2019b). This trend will require
considerable restructuring of career pathways and training
programmes.

To compound matters, the Manufacturing Extension
Partnership and the Economic Development Administration
(est. 1965) were eliminated in 2019. The same White House
budget also proposed a US$ 1.8 billion cut to the Trade
Adjustment Assistance Program (TAA) over the next ten years,
a 22.8% decrease. This move would severely cut funding to
workers impacted by shifting trends in trade. The TAA is up for
reauthorization in 2021.

Steady growth in doctorates

The USA will need to recruit new talent into science and
engineering to maintain its technological pre-eminence and
generate jobs for the industries of the future.

This starts as early as primary school, where the scores of
US pupils participating in international assessments have
seen little improvement over the past decade. Pupils perform
above the OECD average for science but below the OECD
average for mathematics, according to the 2018 edition of the
OECD's Programme for International Student Assessment.

The higher education system does a much better job of
preparing Americans to enter the science and engineering
workforce. According to the Bureau of Labor Statistics, 66.2%
of secondary school graduates in 2019 (aged 16-24 years)
had enrolled in colleges or universities by October 2020
(NSB, 2020).

In 2016, the USA awarded nearly 800 000 bachelor’s
degrees in fields related to science and technology, compared
to almost one million for the European Union. Community
colleges play a key role in this achievement; among US
students who earned this type of bachelor degree, almost half
had done some coursework at a community college in 2016.

The number of doctoral degrees awarded has progressed
steadily since 2000, with the exception of a dip in 2010 in the
wake of recession. This growth trend is projected to continue.
In 2017, the USA awarded almost 46 000 doctorates in science
and engineering, 23% of which were conferred on engineers
(Figure 5.10).

International students earning one-third of doctorates
One-third (34%) of doctoral degrees awarded in science

and engineering went to international students holding a
temporary visa in 2017, a stable proportion since 2015; half
(54%) of these students came from just three countries: China,
the Republic of Korea and India. By comparison, students
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on temporary visas earned just 6% of bachelor’s degrees in
science and engineering in 2017, even if their number has
more than doubled over the past decade (NSB, 2020).

An April 2020 survey by the Institute of International
Education found that 92% of all international students
enrolled in US universities had decided to remain in the
USA throughout the pandemic. It is likely, however, that the
number of international students travelling to the USA for the
new academic year will drop, especially those coming from
China (Martel, 2020).

CONCLUSION

Putting the brakes on unfettered globalization

The national innovation system is being pulled in different
directions by the naysayers and the champions of
globalization. Totalling well over half a trillion dollars in annual
expenditure on R&D alone, the national innovation system is
a large‘ship’to manoeuvre. Notwithstanding this, the winds
of change have been blowing over the policy ecosystem in

the past five years. The USA faces increasing competition in
science, technology and innovation from Asian players in
particular, such as China, the Republic of Korea and India.
This competition is likely to intensify.

To face that challenge, the USA is investing in cutting-
edge technologies such as artificial intelligence, quantum
computing, 5G technology and cybersecurity. At the same
time, the country is training a diverse science and engineering
workforce, developing green technology, building an advanced
manufacturing industry and creating innovative and affordable
health care to sustain the country’s economy and workforce.

Looking back, although fears of a widespread increase in
protectionism following the Great Recession of 2007-2009 did
not materialize, the crisis did affect long-term trends underlying
the process of globalization. Neither international trade, nor
foreign direct investment and cross-border bank lending have
returned to their peak of the early 2000s (The Economist,
2020c¢). Intensifying international competition, strong
security concerns, the current pandemic and the inability of
the global economy to completely recover from the Great

Figure 5.10: Trends in human resources in the United States of America
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Recession a decade ago have sown doubts about the virtues
of globalization for the US economy. Since 2017, protectionism
has gained traction with the adoption of the America First
policy agenda, one early expression of which has been the US
withdrawal from plans for a Trans-Pacific Partnership, a major
trading agreement that other countries have gone on to ratify.
The process of globalization, which the USA had promoted
since the end of the Second World War, is being severely tested.

Meanwhile, China has seized the window of opportunity
offered by the Great Recession — from which it emerged
largely unscathed - to pursue its rapid march towards the
production of goods and services with a higher technology
component. In so doing, it hopes to avoid the middle-
income trap bedevilling so many other emerging economies
(Lee, 2019). In the process, China has garnered new trading
partners and become an economic heavyweight.

The economies of both the USA and China have been
perturbed since 2018 by a trade dispute that has spilled over
into the arena of high technology, technology transfer and
intellectual property protection. There is a real risk of decoupling
between the two countries in terms of technology and talent.

The virtues of a globalized research system

The emergence of Covid-19 in 2020, with its terrible
consequences for the global economy, has provided
additional fodder for the naysayers of globalization.

However, this knee-jerk reaction tends to overlook the other
side of the coin. The Covid-19 pandemic has demonstrated
the virtues of a globalized research system. In the USA and
elsewhere, we have seen public and private actors working
across borders and disciplines to come to grips with the
complexity of this new coronavirus and accelerate the
development of treatments, protective personal gear, medical
equipment and vaccines for the public good. The current
pandemic has made a convincing case for opening up research
across borders and ensuring transparency in terms of data-
and information-sharing. Be it related to public health, climate
change, environmental degradation or other societal issues,
scientific research must not be silenced under the pretext that
this new knowledge represents a national security risk.

The full consequences of the Covid-19 pandemic are still
unclear but there will most likely be major changes to all
economic sectors that will affect the scale and direction of
the ‘technical enterprise’. The US higher education system,
for instance, has been profoundly affected by the pandemic;
more than half of universities reportedly do not meet
basic remote learning preparedness metrics prior to the
pandemic and are struggling to find viable ways to educate
their students in a remote-only environment. In the current
academic year, new enrolment in the US university system
by international students, in particular, has taken a sharp
downturn, a trend that could persist for years.

Another obvious consequence of the health crisis, as vividly
projected in the White House’s Operation Warp Speed, has
been the pivot by many US experts in the biomedical sector
away from long-term projects to short-term support in
creating, producing and distributing vaccines, treatments and
effective tests for the virus.

Longer-term changes may make a permanent dent in
the process of globalization as we know it. The current
geopolitical struggle between the USA and China, coupled
with the Covid-19 pandemicg, significantly raises multinational
corporations’ exposure to risk. This will elevate the importance
of risk mitigation to the level of cost effectiveness as a
consideration in determining the resilience of global value
chains (Petricevic and Teece, 2019). Nevertheless, the national
innovation system is dynamic and should manage to adapt to
this rapidly evolving international environment.

KEY TARGETS FOR THE UNITED STATES OF AMERICA

The USA plans to:

@ double government investment in research in quantum
information science and artificial intelligence by 2022,
compared to a 2019 baseline;

® send the next man and first woman to the Moon by 2024.
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ENDNOTES

1 The present report not only covers UNESCO member states. The USA's

withdrawal from UNESCO came into effect on 31 December 2018.

See: https://coronavirus jhu.edu/data/mortality

See: https://climate.law.columbia.edu/Silencing-Science-Tracker

US Bureau of Labor Statistics press release of 6 November 2020

For example, the combined trade deficit in goods and services with China was

USS 378.6 billion in 2018, whereas the deficit in goods alone reached US$ 419.2

billion. These deficits compare with a US surplus of US$ 33.4 billion in goods

and services and US$ 31.0 billion in goods with China's special administrative
region of Hong Kong. Although a significant share of the trade imbalance is
attributable to American multinational corporations, reliable data are difficult
to come by. Such numbers largely explain the eagerness of successive US
administrations to address the huge trade imbalances with China (Office of the

United States Trade Representative, 2020). For more details of bilateral trade

balances, see US Census Bureau (2020).

6 The stock of US FDI in China amounted to US$ 116.5 billion in 2018 (up 8.3%
from 2017), whereas Chinese FDI stock in the USA amounted to US$ 60.2 billion
(up 3.7% from 2017), accounting for 1.4% of total FDI stock in the USA, up from
0.05% in 2002 (CRS, 2019a).

7 Congress may opt to agree with none, part or all of the president’s request and
may express different priorities through the appropriations process (CRS, 2020b).

8 The ratio between the Federal Research Tax Credit and Qualified Research
Spending by business has declined since 2000.

9 See the Census Bureau, US Department of Commerce:
www.census.gov/econ/bfs/indexhtml

10 The legislative branch in the USA is comprised of the House of Representatives
and the Senate, collectively referred to as Congress.

11 An executive order is a directive from the president to the relevant federal
agencies to act in a given area but it does not constitute an actionable strategy
in itself. In issuing an executive order, the president does not create a new
law or appropriate funds from the US Department of the Treasury, these steps
being the purview of Congress.

12 See: https//www.whitehouse.gov/ai/

13 The other founding members of the Global Partnership on Artificial Intelligence
are Australia, Canada, the European Union, France, Germany, India, Italy, Japan,
Rep. Korea, Mexico, New Zealand, Singapore, Slovenia and the UK. The GPAI
Secretariat is hosted by the OECD in Paris, France. UNESCO will be tabling an
international instrument on the ethics of Al for adoption by 192 member states
in November 2021.

14 A carrier is a wireless service provider that supplies mobile phones with cellular
connectivity. There are now three major carriers in the USA, following the
merger of T-Mobile and Sprint.

15 The other two categories at the Department of Energy are national security
and science.

16 Other agencies conducting energy science research include the Department of
Defense, the Department of Transportation and the Department of Agriculture.

17 The USA spent USS 1 229 per capita on pharmaceuticals in 2018, well ahead of
Switzerland's US$ 894, the next biggest spender among OECD countries. See:
https://data.oecd.org/healthres/pharmaceutical-spending.htm

18 See: California et al,, Petitioners v. Texas et al.,, case no. 19-10011.

19 In Australia, for instance, this body is the Pharmaceutical Benefits Advisory
Committee (KIiff, 2018). It is estimated that American citizens pay twice as
much as Australians for the same drugs.

20 For a discussion of biosimilars in the USA, see Stewart and Springs, 2015.

21 Multiagency research programmes with a statutory basis include the
Networking and Information Technology Research and Development Program
(est. 1991), the National Nanotechnology Initiative (est. 2001) and the US Global
Change Research Program (est. 1990), which studies climate change.

22 See: https://databrowser.researchallofus.org/

23 Foreign-born workers employed in science and engineering occupations are a
self-selected group, as related studies are conducted within US institutions of
higher education.
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Girls from the Canaries Infant School in St Lucia explain to the Minister of Education, Innovation and Gender Relations, the
~ Hon. Dr Gale Rigobert, how they used plastic bottle caps to mend the bench upon which she is seated. The girls’ design concept
has the added value of providing body self-healing pressure point therapy; it qualified for the 2019 National Schools’ Science
and Technology Fair, in the innovation category. © Department of Innovation, Government of St Lucia
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6 - Caricom

Antigua and Barbuda, Bahamas, Barbados, Belize, Dominica, Grenada, Guyana, Haiti, Jamaica, St Kitts and Nevis,
Montserrat, St Lucia, St Vincent and the Grenadines, Suriname, Trinidad and Tobago

Alison S. Gajadhar and Ishenkumba A. Kahwa

INTRODUCTION

Pressures on growth

Since 2015, most of the members of the Caribbean
Community (Caricom) have experienced low economic
growth rates (Figure 6.1). The region’s modest economic
performance cannot be solely attributed to the weak
performance of the global economy following the end of the
commodities boom and the sluggish recovery of energy-
related returns for the oil- and gas-exporting economies of
Belize and Trinidad and Tobago. Rather, this trend is
symptomatic of structural issues related to the labour market,
public sector inefficiency and weak legislative support for
business in the Eastern Caribbean (IMF, 2019).

Although Guyana’s economy is poised to grow by 29.6%
in 2020" and by 300% over the next five years (IMF, 2019),
this will owe more to the recent discovery of offshore oil
and gas reserves by ExxonMobil than any structural reforms.
Oil production got under way in December 2020 with
an estimated yield of 120 000 barrels a day. This should
accelerate to 340 000 in 2022 and 750 000 per day in 2025.
ExxonMobil is, meanwhile, stepping up its exploration of new
fossil deposits and, thereby, attracting new players.

Regional economic growth has also been impeded by
catastrophic hurricanes. Hurricane Dorian devastated the
Bahamas in September 2019 and Hurricanes Irma and Maria
were particularly destructive to Barbuda and Dominica in
late 2017. The subsequent departure of Ross University’s
School of Medicine after 40 years has eroded about 19% of
Dominica’s GDP (Nixon, 2018). These disasters have focused
attention on rebuilding more resilient infrastructure capable
of withstanding the growing intensity and frequency of
hurricanes. This requires greater capital investment in
infrastructure, accentuating the fiscal burden on the islands.

The Caricom members remain plagued by some of the
highest public debt in the world, relative to the size of
their economies (ECLAC, 2018a). This high public debt is a
major contributor to the huge fiscal deficits arising from the
excessive non-discretionary expenditure associated with
high debt service payments, wages and salaries, and welfare-
maintaining transfers and subsidies.

Notwithstanding some gains since 2018 in Barbados,
Grenada and Jamaica, in particular, through fiscal
consolidation (debt stabilization) programmes assisted by
the International Monetary Fund (IMF), fiscal deficits have
remained a drag on the economic development of Caricom
countries, limiting discretionary public spending on health,
education and research and development (R&D). The region’s
margin for manoeuvre in its spending choices has even been

narrowing, with a drop from the rank of 35in 2014 to 31 in
2017 on the Fiscal Flexibility Index. The goods-producing
economies have recorded a greater deterioration in fiscal
flexibility than the service-oriented ones.?

Many of the service-oriented economies have also
demonstrated weak economic growth, owing to their
dependence on the tourism sector. The high cost of Caribbean
destinations and impact of hurricanes have made tourism a
volatile industry. After peaking in 2017, the number of visitors
declined in 2018 for the first time in nine years (CTO, 2018).

Tourism remains a priority sector for regional development,
as outlined in Caricom'’s Strategic Plan for the Caribbean
Community, 2015-2019. The other priorities are agriculture
and fisheries, information and communication technologies
(ICTs), air and maritime transport infrastructure and services,
and energy efficiency, diversification and cost reduction
(Ramkissoon and Kahwa, 2015).

The region’s fiscal difficulties are symptomatic of the
challenges small economies share, which include (ECLAC,
2018b):

lack of competitiveness of the private sector and little scope
for diversifying markets and products, owing to a lack of
economies of scale in production;

limited Internet penetration, hampering mobility
(Figure 6.1);

environmental vulnerability due to their geographical
location and low-lying coastline;

an inadequately skilled workforce, with a mismatch
between the output of the region’s education systems and
the labour market, compounded by one of the world’s
highest levels of emigration of tertiary-educated individuals
(Alleyne and Solan, 2019);

excessive reliance on external financial inflows, especially
remittances. Remittance inflows accounted for as much
as 33% of GDP in Haiti and 16% of GDP in Jamaica in 2018
(Figure 6.1). Remittance outflows accounted for less than
4% of GDP in 2017;

limited use of technology by firms;

limited access to bilateral and multilateral grants and
other concessional funding, owing to the classification

of the Small Island Developing States within Caricom as
middle-income countries, making it hard for these small,
vulnerable economies to access international capital
markets and, thereby, obliging them to borrow on onerous
terms; and
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% Figure 6.1: Socio-economic trends in Caricom countries
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(current PPP$), | ratio, 2016 (%) (% of GDP), rate, 2018 (%)  unemployment goods and received (% of GDP), penetration,
2019 2017 rate, 2018 (%) services as a (% of GDP), 2018 2017 (%)
share of GDP, 2018
2019 (%)
Antigua & Barbuda 22816 82.9? -2.3 1.9 256 4243 2.2 8.4 76
Bahamas 37 266 51.4 -5.5 9.6 322 36.1" - 4.0 85
Barbados 16 287 145.8" -3.3 9.4 19.0 42.0 22 38 82
Belize 7295 7712 -3.0 12.2 23.2 57.7 49 6.4 47
Dominica 12659 64.9°2 -5.8 13.5 29.7 51.6 84 24 70
Grenada 17 956 88.52 3.2 9.4 327 54.5 4.1 13.2 59
Guyana 10105 - -4.5 209 51.0 33.0 7.4 304 37
Haiti 1801 - - 19.8 41.8 16.9 325 1.1 327
Jamaica 10166 122.7 14 7.6 13.6 38.0 159 49 55
St Kitts & Nevis 27 449 59.92 2.0 2.8 45 63.7 23 9.3 81
St Lucia 16 089 66.6 03 1.9 25.6 = 1.7 19 51
stVincent & 12983 68.7 -06 96 322 = 51 136 2¢
Grenadines
Suriname 17 005 = -7.8 9.4 19.0 = 0.01 1.8+ 49
Trinidad & Tobago 27 261 - -8.4 12.2 23.2 - 0.6 -29 77

+n/-n: data refer to n years before or after reference year

Note: Data are unavailable for some countries.

Source: World Bank's World Development Indicators, October 2019; data for debt-to-GDP ratio from July 2020; unemployment rates are modelled on International Labour
Organization estimates; for unemployment rates: United Nations Economic Commission for Latin America and the Caribbean (2018) The Caribbean Outlook
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arestriction and, in some cases, a termination of
correspondent banking services to several Caricom
member states which are considered to be a high risk,

threatening their exclusion from the global banking system.

From a social perspective, too, the region is losing
momentum. Although Caricom countries are ranked in the
upper half of the Human Development Index, there has been
little or no improvement in the quality and inclusiveness of
health and education, which are vital to building a resilient
economy.

In addition, unemployment has remained relatively high
during the period under review, with the notable exception
of Jamaica, which recorded its lowest unemployment rate in
51 years in 2018. Youth unemployment rates remain among
the highest in the world (Figure 6.1).

These social ills correlate with high levels of crime and
violence in several countries.

Countries compelled to green their development
strategies

Although most Caricom members have developed individual
strategies to address the socio-economic and environmental
challenges described above (Figure 6.2), The 2030 Agenda for
Sustainable Development gives the region a common purpose.
It is encouraging to note that the various national and regional
development frameworks developed by Caricom governments
are already closely aligned with the 2030 Agenda.

For example, Caribbean nations are investing in a
sustainable blue economy, through a US$ 100 million project
awarded by the World Bank in 2015, after the Commonwealth
and the Organisation of Eastern Caribbean States (OECS)
had laid the groundwork. In parallel, the Caribbean Regional
Oceanscape Project launched in 2017 has been investing
USS 6.3 million from the Global Environment Facility to
support regional policies, private-sector collaboration and
ocean data management.

In a context of increasingly costly natural disasters, some
island states have felt compelled to invest heavily in building
climate-resilient infrastructure to minimize loss of life and
property, while developing geothermal reserves and other
renewable energy resources to reduce their reliance on
imported fuels (Box 6.1).

In the process, countries have been ‘greening’ their socio-
economic development strategies and raising their research
output. It is noteworthy that most improvements in research
output have occurred in the smaller, more vulnerable states
of Antigua and Barbuda, the Bahamas, Grenada and St Kitts
and Nevis, which had hitherto experienced low or stagnant
output. The larger countries of Guyana and Suriname have
seen a similar trend.

It is remarkable that this progress should have been
possible in largely chaotic environments for R&D lacking clear
policy roadmaps and action plans.

This supreme effort has spawned collaboration between
countries that has been facilitated by the Caribbean
Community Climate Change Centre through multilateral
projects, many of which are described in the present chapter.

REGIONAL INITIATIVES

Sustainability a focus of regional support for businesses
Since 2016, OECS has organized a number of small-scale
initiatives in its member states? to support the business sector,
many of them with a focus on ‘green innovation’ For example:

In 2018, OECS organized a Green Innovation Ideation boot
camp and pitch competition for women entrepreneurs, in
partnership with the St Lucia Coalition and the Caribbean
Climate Innovation Centre. This activity facilitated the
development of a pipeline of innovative and sustainable ‘clean
tech’start-ups owned and operated by female entrepreneurs.

In 2018 and 2019, OECS organized several boot camps

and pitch competitions for innovative start-ups involving
youth as part of the Caribbean Entrepreneurial Challenge
initiative. These were organized in collaboration with the
Chamber of Commerce and Industry in Martinique and the
trade and investment promotion agency, Caribbean Export.

In 2016, OECS ran courses in e-commerce and e-business
for youth and small and medium-sized enterprises. An
e-business review and e-commerce diagnostic assessment
was also carried out for OECS businesses. It found that the
majority of member states did not yet have the necessary
regulatory and infrastructural frameworks for e-commerce
in place. Moreover, 40% of the businesses assessed
indicated that lack of qualified personnel in ICTs was the
primary impediment to developing their business.

In 2015, OECS conducted energy audits in a number of
small and medium-sized enterprises (SMEs) in its member
states. As a result of this survey, which was funded by the
European Development Fund, SMEs were informed of their
energy consumption patterns and degree of inefficiency,
and advised on how to improve their energy performance.

In 2018, Caribbean Export redesigned its Direct Assistance
Grant Scheme to allow for greater participation from SMEs.
Created in 2012, it helps firms gain access to markets
through exports by fostering innovation and improving
productivity. The programme is helping SMEs take
advantage of the opportunities offered by the bilateral
and multilateral trade arrangements agreed by Caricom,
including the European Union’s Economic Partnership
Agreement (2008) and the Caricom-Dominican Republic
Free Trade Agreement (2001). The scheme provides financial
assistance only through reimbursements. OECS enterprises,
in particular, have encountered considerable problems in
accessing this financial assistance.

A centre to implement Caricom’s Energy Policy
Caricom is financing its Energy Policy (2013) and the related
roadmap and strategy for implementation through its regular
annual budget. The Caricom Secretariat has set up an Energy
Unit to implement its Energy Programme, responsible for
policies, strategies and regional co-ordination.

In July 2017, an agreement establishing the Caribbean
Centre for Renewable Energy and Energy Efficiency (CCREEE)
was signed by ten heads of government. The centre opened
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Figure 6.2: Status of development strategies in Caricom countries, 2020
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its doors a year later in Barbados. According to Caricom,
the creation of the centre ‘responds to the difficult energy
situation in many of the Caribbean islands. They are facing
the challenges of access to modern, reliable and affordable
energy services, energy security and climate change
mitigation and adaptation simultaneously’ (CCREEE, 2019).

Caricom’s target is to have renewables contribute 20%,
28% and 47% of the electricity generation capacity by 2017,
2022 and 2027, respectively.* Some countries with ample
wind, geothermal and solar energy resources may even
exceed these targets (see the Country profiles).

Besides renewable energy, CCREEE is mandated to assist
the region in reaching the energy efficiency levels set out by
the Caricom Regional Organization for Standards and Quality
(CROSQ, Box 6.2). To meet these targets, a programme to
phase out incandescent lightbulbs is being developed by the
Caricom Secretariat and CROSQ, following a decision made
by Caricom energy ministers on 19 April 2018.

Caricom’s collaborative approach to implementing its
Energy Policy is a welcome development, as the sustainable
energy challenge is both complex and capital-intensive,
cutting across all sectors. A collective approach has already
proved effective for the Caribbean Community Climate
Change Centre, which has been helping countries to
become more climate-resilient.

Plans to become world’s first climate-smart zone
Since 2015, the Caricom region has effectively engaged
available expertise to mobilize support for programmes that
build resilience to climate-related shocks. These focus on,
for instance, constructing robust infrastructure, diversifying
energy sources towards renewables and establishing climate-
smart towns and green communities. Expertise has come
notably from the Caribbean Community Climate Change
Centre and the Climate Change Research Teams from various
campuses of the University of the West Indies (UWI).
Shocked by the devastation of two back-to-back category
5 hurricanes in 2017 in Antigua and Barbuda, Dominica,
the US Virgin Islands and British Virgin Islands, a ‘coalition
of the willing’formed in 2018 to establish the Caribbean
Climate-Smart Accelerator Programme, which has the
ambitious objective of making the region the world’s first
climate-smart zone. This coalition is comprised of the airline
foundation Virgin Unite, Caricom, OECS, the Inter-American
Development Bank (IADB) and World Bank. So far, some
26 countries and more than 40 private- and public-sector
partners have joined the accelerator. It is expected to
transform the region’s economy by fast-tracking sound
public and private investment opportunities that support
climate solutions for resilience, social development and
broad-based growth. Current interest is in waste-to-energy
initiatives.

Greater regional investment in climate resilience

In March 2018, Caricom countries worked with the
Caribbean Community Climate Change Centre to mobilize
funds from the Green Climate Fund (GCF) to support a
variety of projects.’ These include US$ 42.16 million for a

Climate-Resilient Water Sector in Grenada and US$ 27.61 million
for the Water Sector Resilience Nexus for Sustainability in
Barbados. Another US$ 20 million has been approved for
a pilot project to help the public, private and civil society
sectors in Antigua and Barbuda, Dominica and Grenada
strengthen community resilience to climate-related shocks.
In 2016, US$ 80 million was approved for a Sustainable
Energy Facility for the Eastern Caribbean, in collaboration with
the IADB. This project comes with a Revolving Adaptation
Fund Facility to support the installation of irrigation systems
and rainwater harvesting systems, as well as water-saving
devices for households, public buildings, hotels and farms.
The Fund will pursue this work after the project ends.
GCF began consultations with Caricom countries in
2017. As of April 2019, it had invested over US$ 400 million
in Caricom countries — one-third of the US$ 1.2 billion
invested in Latin America and the Caribbean as a whole.
GCF decided to capitalize on this interest by supporting
a regional workshop in Jamaica in 2019 which sought to
catalyse private-sector investment in climate action, support
the accreditation of private sector entities to the GCF, share
knowledge and promote co-operation among Caricom states.

Most Caricom countries remain dependent on costly
imports of fossil fuels. Through the Green Climate Fund
and other partners, the previously stalled development of
geothermal reserves was revived in 2016 by an investment
of US$ 190.5 million benefiting five East Caribbean states:
Dominica, Grenada, St Kitts and Nevis, St Lucia and

St Vincent and the Grenadines.

The eight-year project is financed through loans and
reimbursable grants. It is addressing financial, technical and
institutional barriers to the development of vast geothermal
reserves in the five countries. Through the project:

a production well will be drilled in St Vincent and the
Grenadines and a power station will be built in Dominica;

60 MW of geothermal power generation capacity will be
installed through facilitated or financed schemes;

722 000 fewer barrels of oil will be imported by
participating countries for electricity generation;

US$ 50 million will be saved on oil imports (at an oil price
of US$ 70 per barrel); and

the average cost of electricity generation will drop. As
long as these cost savings are passed on to customers,
this should lead to an average decrease in tariffs from

USS 0.35 per kWh in 2015 (at a fuel price of USS 70 per
barrel) to USS 0.28 per kWh.

By the end of the project, greenhouse gas emissions from
these five countries are expected to have dropped by
9.4 million tonnes (tCO,eq).

Source: https://www.greenclimate. fund/projects/fp020
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Figure 6.3: Trends in research expenditure and personnel in Trinidad and Tobago
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Advancing the Caricom Digital Agenda

At the Caricom Heads of Government Meeting in February
2019, Caricom signed a Co-operation Agreement with the
Government of Estonia to advance the Caricom Digital Agenda
2025 and the creation of a Single Caricom ICT Space. The latter
are premised on the Regional Digital Development Strategy,
approved in 2013. The roadmap for the Single Caricom ICT
Space was approved by Caricom Heads of Government in
February 2017.

The main thrust of the Digital Agenda is to create an
ecosystem of regionally harmonized ICT policies, legislation
addressing cybersecurity and other concerns, technical
standards and best practices, networks and services for the
development of an ICT-enabled borderless space that fosters
socio-economic and cultural integration.

Training will also be a key element of the Caricom Digital
Agenda, given the current shortage of software engineers and
low output in this field (Figures 6.4 and 6.5).

Cariscience, the region’s scientific network, hosted the
Caribbean’s first international workshop on Big Data for
Developing Countries in September 2019, in collaboration
with the University of the West Indies (UWI) and University
of Trinidad and Tobago. The previous year, the Caribbean
Science Foundation had chosen the theme of coding and
robotics for its annual summer camp. These camps are
organized as part of the foundation’s Student Programme for

POLICY ISSUES

Steps to ‘revolutionize our statistics’
The previous UNESCO Science Report identified the lack
of scientometric data for Caricom countries as a major
impediment to developing, exploiting and effectively
managing science, technology and innovation (STl) in the
region (Ramkissoon and Kahwa, 2015). The situation has
since deteriorated. The only country for which recent data
are available on human and financial investment in research
and development (R&D) is Trinidad and Tobago (Figure 6.3).
It is hoped that ongoing contacts initiated by the Caricom
Science, Technology and Innovation Committee® with regional
development agencies like the Caribbean Development Bank
may yield funding for the requisite scientometric studies.
Lack of data has also hampered implementation of the
Strategic Plan for the Caribbean Community, 2015-2019,
with negative implications for related STI policy planning,
implementation, accountability and transparency, monitoring
and evaluation. In 2018, with the support from the Caribbean
Development Bank, Caricom developed a Results-based
Management System. This system has been designed to
guide systematic data collection, analysis and use, as well
as reporting on progress towards regional integration and
development. It provides a tool for evidence-based strategic
planning and decision-making at policy level. To encourage

Innovation in Science and Engineering.

countries to use the system, Caricom has developed a model

Box 6.2: Affordable accreditation to help Caricom businesses develop trade

In the face of diminishing access

to official development assistance
for social programmes, the region
has had little choice but to focus on
augmenting revenue through trade.
In order to do so, it will be imperative
for domestic markets to prioritize
innovation and raise the levels of
productivity and competitiveness of
the goods and services produced,
while protecting consumers and the
environment.

Itis with this objective in mind that
all 15 Caricom members adopted a
Regional Quality Policy on 10 November
2017 for the development of quality
infrastructure. The latter has five
components: standards and technical
regulations; metrology; accreditation;
conformity assessment, encompassing
inspection, testing and certification;
and quality promotion through
marketing, communication and
education.

The Caricom Regional Organization
for Standards and Quality (CROSQ)

then embarked on a two-year
consultative process to implement the
Regional Quality Policy, with the support
of Germany's Physikalisch-Technische
Bundesanstalt and the Dominican
Institute for Quality under the 10"
European Development Fund's Technical
Barriers to Trade Project.

The Regional Quality Policy commits
all 15 Member States to strengthening
technical competence to address issues
related to productivity, innovation and
competitiveness; and consumer, health
and environmental protection. It also
commits governments to inculcating a
culture of quality across the economy.
To this end, each Caricom country has
begun developing or refining their own
national quality policy. The Bahamas,
Barbados, Jamaica and Trinidad and
Tobago have already formally adopted
theirs, whereas Grenada, St Kitts and Nevis
and St Lucia are on the point of doing so.

The process for accrediting inspection
and testing bodies has always been
taxing for small island states but the

establishment of the Caribbean
Cooperation for Accreditation (CCA) in
April 2013 should lighten their burden.
It provides manufacturers and service
providers in the region with access to
internationally recognized accreditation
services at an affordable rate.

The CCA is based on principles
of co-operation and collaboration
among the recognized National
Accreditation Bodies (NABs). CROSQ
serves as the secretariat and co-
ordinator of support services. The
NABs provide authoritative oversight
and accreditation of Conformity
Assessment Bodies, which include
testing and calibration laboratories,
and inspection and certification
bodies. The National Accreditation
Focal Point in each member state
provides an administrative link
between potential clients and the
NABs and CROSQ Secretariat.

Source: authors and UNIDO/International Network
on Quiality Infrastructure (2018) Quality Policy -
Guiding Principles
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Figure 6.4: Trends in higher education in the Caricom countries

Public expenditure on education as a share of GDP, Public expenditure on higher education as a share
2015 and 2017 (%) of education expenditure, 2014 and 2017 (%)
2017 2017
Barbados W2015  StKitts & Nevis 2014
Belize
Dominica Jamaica
Grenada
Guyana
Guyana
Haiti
Dominica
Jamaica
St Kitts & Nevis Belize
St Lucia
Barbados

St Vincent & Grenadines

Gross enrolment ratio, both sexes and females, 2015 and 2018 or closest year (%)

Eunrolment rativs 1 1 6.2%
MV& Wﬂ P’% Gross enrolment ratio for
I/M/M”DVM( SLuce females in Grenada, 2018
2075 .

M Total
[ Women
2015 2015 2015 | 2018 2015 2015 | 2018
Belize Grenada Jamaica St Kitts & Nevis St Lucia St Vincent & Grenadines World average

Few ctiolents are attracted bq} sclence and w@m/wmﬂ

Distribution of students by programme, 2018 or closest year (%)

[ Agriculture
[ Engineering

M icTs Belize Grenada St Lucia
Health (2016) (2018) (2018)
B Natural sciences
& maths

M Social sciences
| Business, admin. & law
[ Arts & humanities

+n/-n: data refer to n years before or after reference year
Note: Recent data are unavailable for some countries.

Programmes of study were unspecified for 17% of students in Belize and 3% of students in Grenada. Source: UNESCO Institute for Statistics

188 | UNESCO SCIENCE REPORT



Results-based Management Policy, which it intends to put
forward for adoption by member states. This policy should
allow for more robust monitoring and evaluation to improve
the Community’s implementation of future strategic plans.
Meanwhile, OECS has launched a major initiative dubbed
Revolutionizing our Statistics: Developing our Societies, which
proposes a transformative agenda for the OECS subregion
over the period 2017-2030. With the support of the Eastern
Caribbean Central Bank and other development partners,
OECS is creating an integrated regional statistics system,
based on innovative technologies that should improve the
collection, dissemination and interrogation of data.
Caricom is currently preparing an update of the Strategic
Plan for the Caribbean Community, 2015-2019. Although this
new Strategy is not yet ready for adoption, it is expected
to address STl matters as a separate major pillar this time,
for greater emphasis. It is also anticipated that the new
Strategy will focus on the implementation of a regional risk
management programme.

TRENDS IN RESEARCH OUTPUT

Smaller states leading growth in publications

The salient message from the growing volume of publications
originating from Caricom countries since 2015 (Figure 6.5) is
that the influx of universities across the region over the past

40 years or so is gradually instilling a culture of research in the
smaller states, in particular. The previous UNESCO Science Report
(Ramkissoon and Kahwa, 2015) had highlighted the success
story of the private St George’s University in Grenada: in 2018, it
published 93% more publications than in 2015. Similarly, Ross
University School of Veterinary Medicine in St Kitts and Nevis
increased its output by 46% between 2015 and 2018, while Ross
University School of Medicine in Dominica managed to sustain
its own output from its new home in Barbados, despite back-
to-back devastating hurricanes over this period. Publications
from the American University in Antigua and Barbuda even
grew by 300%, albeit from low levels. St Vincent and Grenadines
also put itself on the map for R&D, thanks mainly to its resident
university, the Trinity School of Medicine, as did St Lucia via

the resident Spartan Health Sciences University and American
International University. The new University of the Bahamas has

also shown its potential; it is largely responsible for the Bahamas'

impressive 58% growth in output since 2016 (Figure 6.5).

A study of the topics covered by these publications reveals
that these universities are attuned to the challenges faced by the
societies in which they operate: climate change and resilience;
fisheries; animal diseases; ageing; HIV; mosquito-transmitted and
tropical diseases; global infectious diseases; Caribbean coral reefs
and marine life; and even the game of cricket!

It is, thus, not surprising to see a mutually supportive
relationship between the guest offshore universities and
the host countries. In 2018, Grenada'’s prime minister drew a
parallel between six consecutive years of economic growth
and the benefit of investment in educational services,
estimating the economic contribution of St George’s
University from student spending and employment at not less
than 22% of GDP (Straker, 2018).

Most output targeting agriculture and health
Between 2017 and 2019, Caricom researchers continued
to publish mostly in areas related to health sciences (about
60% of the total; Figure 6.5). Jamaica and Grenada each
contributed over 20% of articles in this field.

Output from the region on agriculture, fisheries and forestry
came a distant second (less than 10% of the total; Figure 6.5).
Trinidad and Tobago's solid lead (about 30% of total output)
on agriculture, fisheries and forestry may be the result of
efforts by the UWI in 2010 to revive a faculty devoted to
agriculture and food sciences; academic programming in
these areas had been absorbed by the Faculty of Science since
the 1990s. Of note is that Trinidad and Tobago's output over
2016-2018 leads the region in most of the other broad fields
of science, too. The most worrying trend is the region’s low
share of scientific articles in engineering sciences over this
period: just 2% of total output.

In terms of research density, St Kitts and Nevis now leads
the Caricom region, with as many as 1 931 publications per
million inhabitants in 2019 (Figure 6.5). There is no ready
explanation for Suriname’s impressive performance - its
output is up from 55 publications per million inhabitants in
2015 - but it may have benefited from the transformation
of the Academic Hospital in Paramaribo in 2013 into the
Academic Medical Centre linked to the Faculty of Medical
Sciences at the University of Suriname. This transformation
called for the upgrading of research facilities and capabilities.
The University of Suriname collaborated with The University
Medical Center Groningen in the Netherlands, for instance, to
improve its capability in clinical genetics.

St Kitts and Nevis and the Bahamas have also shown strong
growth in research intensity. Generally, however, the region is
still underperforming, with only the small states of St Kitts and
Nevis, Grenada, Barbados and Dominica having a research
density in excess of the global average of 341 publications per
million inhabitants.

Intra-Caricom collaboration still weak

In nearly all Caricom countries, more than four out of five
published articles have foreign co-authors, with the notable
exception of Jamaica (68%) and Trinidad and Tobago (58%).
Even in these countries with well-established university
centres, the considerable level of collaborative work with
foreign counterparts helps researchers keep up with
developments in their field (Figure 6.5).

Collaboration among Caricom scientists has not improved
since 2015. Intra-Caricom collaboration accounted for roughly
2% of all publications from Caricom countries over the
2016-2018 period. This contrasts with 40% of articles co-signed
by researchers based in the USA. This poor intra-Caricom
collaboration is all the more troubling, given that several
Caricom research institutions have regional mandates.

One notable example is the UWI, which has four physical
campuses in as many countries, as well as an open campus
for distance learning. There is also the Caribbean Agricultural
Research and Development Institute, with research stations
in all Caricom countries except Haiti and Suriname. Another
example is the Caribbean Environmental Health Institute.
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@ Figure 6.5: Trends in scientific publishing in the Caricom countries

Volume of scientific publications in Caricom countries, 2011-2019
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Scientific publications per million inhabitants in Caricom countries,
2011,2015 and 2019 Data labels are for 2019
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Caricom scientists have modest output on SDG-related topics but five
countries (Barbados, Belize, St Kitts and Nevis, Suriname, Trinidad and
Tobago) have recorded noticeable growth in research on three common
topics: new and emerging viruses that can infect humans (plus Grenada,
Haiti and Jamaica), the status of biodiversity and ecosystem services
(plus the Bahamas) and the sustainable use of terrestrial ecosystems
(plus the Bahamas, Dominica and Guyana).
Health is a dominant topic. Seven countries (Bahamas, Barbados,
Belize, Guyana, Haiti, Jamaica and Trinidad and Tobago) published over
three times more research than expected on HIV. Haiti’s proportionate
output on tropical communicable diseases and tuberculosis is even 29
and 23 times higher, respectively, than the global averages for these

topics.

Despite the region’s vulnerability to climate change, Caricom authors
are conspicuously absent from research addressing the local impact of
climate-related hazards and disaster risk reduction strategies, with fewer
than 7 and 5 publications, respectively, from 2012 to 2019. Only one
publication, in 2017, on the local impact of climate-related hazards and
disasters included a Haitian author.

For details: see chapter 2
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Top five partners for Caricom countries for scientific co-authorship, 2017-2019 (number of publications)

1st collaborator 2nd collaborator(s)
Antigua & Barbuda USA (33) Canada (6)
Bahamas USA (137) UK (51)
Barbados USA (112) UK (67)
Belize USA (65) UK (23)
Dominica USA (46) Germany/UK (11)
Grenada USA (469) Japan (95)
Guyana USA (55) UK (26)
Haiti USA (234) UK (33)
Jamaica USA (379) UK (118)
St Kitts & Nevis USA (114) UK (46)
St Lucia USA (14) Dominica/Nepal (5)
St Vincent & USA (20) Canada (6)
Grenadines
Suriname Netherlands (64) USA (51)
Trinidad & Tobago USA (207) UK (168)

3rd collaborator(s)
Egypt/Spain (5)
Canada (45)
Canada (46)
Mexico (18)

UK (58)
Australia/France (18)
France (29)
Canada (95)
South Africa (27)

Nigeria/UK (4)

France (34)
India (92)

Source: Scopus (excluding Arts, Humanities and Social Sciences), data treatment by Science Metrix

4th collaborator(s)

Australia (29)
Jamaica (33)
Canada (15)
Brazil/Nigeria (8)
Canada (44)

Canada (27)
France (52)
Canada/Denmark (23)

Barbados/Jamaica/
Trinidad & Tobago (4)

Belgium/Brazil (31)
Canada (63)

5th collaborator(s)

Australia/Dominica (4)
Germany (25)

Trinidad & Tobago (31)
Australia (11)

Germany (34)
Brazil (17)

Brazil (23)
Mexico (51)

Barbados/Trinidad &
Tobago (3)

Jamaica (45)
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Figure 6.6: Trends in patenting and high-tech trade in Caricom countries

Number of IP5 patents granted to Caricom countries, 2015-2019
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Resident patent applications per 100 billion GDP (2011 constant US$), 2011-2018

2011 2012 2013 2014 2015 2016 2017 2018
Antigua & Barbuda - - - - - - - 218
Bahamas - 27 9 9 18 28 37 -
Barbados - - 65 22 - - - -
Guyana — — — 19 — 18 — 34
Haiti 6 12 = 1 = = = =
Jamaica 87 110 96 143 30 81 46 107
St Kitts & Nevis - - - - - - - -
St Lucia - - - - - 232 134 89
Trinidad & Tobago - 5 - 9 7 7 - 10

Note: IP5 refers to the US Patent and Trademark Office, European Patent Office, Japanese Patent Office, Korean Intellectual Property Office and State Intellectual Property
Office of the People’s Republic of China.

Source: PATSTAT, data treatment by Science Metrix; for high-tech trade: World Bank’s World Development Indicators, July 2020; for resident patent applications, World
Intellectual Property Organization
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Patents reflect the policy environment

Between 2015 and 2019, Jamaica (38), Trinidad and Tobago
(33), the Bahamas (23) and Barbados (20) together accounted
for 89% of the small number of patents awarded by the US
Patent and Trademark Office to Caricom countries.

When all five of the main patent offices are considered, the
share obtained by Jamaica and Trinidad and Tobago drops to
just 7.4% and 7.6%, respectively (Figure 6.6).

Although Barbados and the Bahamas figure prominently
in these statistics, this is because foreign research centres
tend to be registered in these countries without operating
laboratories there.

Itis hardly surprising that the Caricom region is patenting
below its weight, since state funding support for R&D in
general, and entrepreneurs in particular, remains negligible.

When the Biotech Research and Development Institute,” a
Jamaican firm, won an IADB Local Innovator Award in 2016,
the company’s founder, Dr Henry Lowe, recalled having
invested more than US$ 6.5 million of his own savings to
develop pharmaceutical products derived from indigenous
plants, with no external financial support (Hines, 2016). In
2018, the Institute partnered with Maryland University via the
company Flavocure Biotech Inc. to commercialize a patented
drug candidate extracted from the marijuana plant, which
was showing promise against metastatic pancreatic cancer
(Moreau et al., 2019). The project has since been attracting
investors.

Most innovation targeting health or agriculture
Most of the business innovation coming out of the Caricom
region is focusing on health or agriculture.

High-quality research is taking place. For instance, the
former Tropical Medicine Research Institute (now the
Caribbean Health Institute) set up a company in 2013 called
The UWI Solutions for Developing Countries (SODECO).®

According to SODECO'’s website, one focus of research is ‘the
molecular mechanisms underlying the greatly increased risk
of obesity, diabetes, hypertension, stroke, heart attack and
associated neurocognitive deficits affecting populations, poor
for generations, who gain wealth and acquire lifestyles that
promote obesity and its comorbidities’

The Mona Institute of Applied Sciences, a company set up
by the UWIin 2001, is in the process of turning the challenges
faced by manufacturers and agro-processors into business
opportunities. It secured support from the IADB in 2019 for
castor oil production.

The Mona Campus is commercializing a growing number
of its services to compensate for the chronic shortfall in
government funding. The Caribbean Toxicology Unit now
provides toxicology and consultancy services to members
of the legal profession, while the company Carigen offers
clients DNA testing and the Mona School of Engineering
offers services in maintenance, R&D, training and certification,
manufacturing and engineering support through its
company, Mona-Tech.

Pooling Caricom’s experts to develop the region’s
nuclear industry

Jamaica’s Scientific Research Council initiated a collaboration
in 2018 with a government agro-research laboratory to
produce new and improved plant and animal varieties using
radiation, with support from the International Atomic Energy
Agency (IAEA).

The International Centre for Nuclear and Environmental
Sciences on UWI's Mona Campus has also forged a close
relationship with the ministry responsible for STl in
Jamaica, drawing upon nuclear technology in pursuit of
the government’s socio-economic agenda. The aimis to
combine the rigorous research standards of academia with
government funding to produce effective, well-supported
research programmes.®

The IAEA offers a wide range of support programmes but
countries seeking assistance must meet the requirements
of the IAEA Code of Conduct to ensure safe use of nuclear
and ionizing radiation sources. This requires promulgating
national legislation and establishing a competent regulatory
agency.

The small Caricom economies, with their limited funding
and qualified staff, have encountered difficulties in meeting
these regulatory requirements, preventing them from
accessing vital IAEA services.

Fortunately, a meeting of regional experts at IAEA
headquarters in August 2018 came up with the solution
of pooling Caricom’s human resources in the nuclear and
ionizing radiation industry and making them available to
serve the entire region. The individual countries will then
take charge of the regulatory process and of setting up
the requisite legislative, administrative and regulatory
mechanisms, with technical assistance from the collective
pool of experts.

Anaemic growth in high-tech exports

Between 2014 and 2017, Caricom countries exported high-
tech goods worth about US$ 201 million, the main exporter,
by far, being Barbados, accounting for 61% (US$ 122 million)
of total earnings. Barbados was followed by St Kitts and Nevis
(US$ 26.1 million); Suriname (US$ 21.5 million, excluding

2015); Trinidad and Tobago (US$ 11.4 million for 2014-2015),
St Lucia (US$ 10.6 million) and Jamaica (US$ 8.4 million).

Health care firm Carlisle Laboratories Ltd is the only local
high-tech manufacturer in Barbados. St Kitts and Nevis has
attracted six US electronics firms, through its Citizen by
Investment Programme (CIP) for foreign investors. CIP funds are
invested in areas conducive to high-tech development, such as
housing, education, culture, health or renewable energy.

The low high-tech exports from Jamaica and Trinidad and
Tobago and decline in Suriname (Figure 6.6) reflect poor
investment. This said, there was steep growth between
2015 and 2018 in Jamaican exports of telecommunications
equipment (US$ 1.4—11.2 million) and pharmaceuticals from
Trinidad and Tobago (US$ 1.2—1.9 million).
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COUNTRY PROFILES

e

ANTIGUA AND BARBUDA

A campus close to home

The University of the West Indies has opened

a new campus in Five Islands. In September 2019, the Five
Island Campus admitted students to its three colleges: one in
Health and Behavioural Sciences, a second in Management,
Science and Technology and a third in Humanities and
Education.

An innovation centre for clean technologies

In collaboration with the United Nations Office for Project
Services, Antigua and Barbuda established a Science and
Innovation Centre in 2018 to support national and regional
innovation in areas related to climate change and clean
technologies (UNOPS, 2018).

BAHAMAS

An upgrade to a university

The College of the Bahamas was transformed
into a multi-campus university in 2016. The new University of
the Bahamas sports a Faculty of Pure and Applied Sciences
that operates a research complex. The Faculty counted more
students (1 625) than the Faculty of Business, Hospitality and
Tourism (1 325) in 2019, according to the university’s website.
In the aftermath of Hurricane Dorian in 2019, which caused
losses estimated at US$ 3.5 billion, the university established
its own Climate Change Adaptation and Resilience Research
Centre to develop relevant policies and strategies.

BELIZE

A strategic focus on agriculture and tourism
Belize has engaged the assistance of the
Republic of Korea's Knowledge Sharing Programme to
formulate a national STl strategy and action plan.’ The plan
recommends establishing a Belize—Korea Science, Technology
and Innovation Institute to guide implementation, providing
a structured mechanism for aligning government goals

with those of private industry. The plan is to transform the
agriculture and tourism sectors, in particular, by improving
productivity and competitiveness in an environmentally
sustainable way.

Within this collaboration, a detailed situation analysis of STI
in Belize was conducted which led to the publication, in 2015,
of a roadmap for implementing the strategy (KDI, 2015). This
study recommended raising GERD from the current extremely
low level of about 0.06% to 0.5% of GDP by 2020 and to
1% of GDP by 2025. A package of special taxes and foreign
donations were to finance the proposed STl development
strategy. Unfortunately, there is no evidence that these
recommendations have been implemented or that the much-
discussed Belize-Korea Science, Technology and Innovation
Institute has been established.
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Making the Barrier Reef System climate-resilient

The marine environment is critical to Belize’s tourism-
dependent economy. In collaboration with the World Bank
and the Adaptation Fund, Belize has been implementing a
six-year Marine Conservation and Climate Adaptation Project
since 2015 to strengthen the climate resilience of the Belize
Barrier Reef System.

DOMINICA

The world’s first climate-resilient state?
Two years after Hurricane Maria destroyed
the island’s rainforest and inflicted losses estimated by the
World Bank at 224% of GDP,'"' Dominica launched a National
Resilience Development Strategy 2030 in 2019 that boldly seeks
to transform Dominica into the world’s first climate-resilient
state. The Strategy’s objectives include the development and
operation of a modern science and technology sector with

a world-class telecommunications system and at least one
science and technology park, and the prioritization of R&D
through a separate allocation of funds in the government'’s
annual budget. The National Resilience Development Strategy
2030 has many other aspirations which draw on science

and technology, such as: creating green industrial parks;
exploiting geothermal and hydroelectric reserves to provide
for domestic energy needs and leave a surplus for export;
creating a major fisheries processing plant; maintaining

an efficient waste management system; ensuring a viable,
sustainable and resilient forest; and investing in a safe,
affordable and reliable water system.

The launch of the National Resilience Development Strategy
2030 follows the inauguration, in 2018, of the Climate
Resilience Execution Agency. This agency is tasked with
developing a plan and associated implementation strategies
to make Dominica the first climate-resilient country in
the world, with the support of the British and Canadian
governments.

Dominica ultimately plans to have a carbon-negative
economy, thanks to its vast geothermal resources (Box 6.1). It
had even fixed itself an albeit unrealistic target of achieving
this goal by 2020.

Using oil receipts to meet development ’4
goals

While gearing up to exploit its newly discovered oil and gas
reserves, Guyana has set its sights on using its anticipated
wealth to enhance sustainability by developing renewable
energy sources.

To promote effective use of the expected funds, the
government created a Sovereign Wealth Fund in 2019. Financed
primarily from oil earnings, it will also accommodate funds from
other extractive industries, such as mining and forestry.

A 24-member Public Oversight Committee made up of
diverse stakeholders will be responsible for monitoring and
evaluating the Fund’s compliance with the law; monitoring
and evaluating the Fund’s management practices for

GUYANA




compliance with principles of transparency, good governance
and international best investment practices; providing an
independent assessment of the Fund’s performance; and
facilitating public consultations on management of the

Fund and on withdrawals, approved by parliament, for the
purposes of national development.

The government plans to meet its national development
goals through a low-carbon economic strategy stressing
climate resilience and low deforestation. The Sovereign
Wealth Fund offers a unique opportunity to develop the
requisite skills for this transition.

Since the Guyana National Bureau of Standards will be
in charge of oil and gas metrology, the bureau has been
modernizing its infrastructure through the IADB’s National
Quality Program for Economic Diversification and Export
Promotion.

An upgrade for the premier university

Between 2012 and 2017, a project supported by the World
Bank implemented desperately needed reforms at the
country’s premier and only public university to ‘strengthen
the four science and technology faculties at the University

of Guyana through infrastructure, research and curricular
improvements while building the basis for improved facilities
management and future growth’ (World Bank, 2018).

The World Bank provided US$ 13.6 million in loans and
the government contributed a further US$ 1.4 million.

ICT facilities and services were installed and teaching and
research laboratories modernized within the Faculties of
Natural Sciences, Technology, Earth and Environmental
Sciences and Agriculture and Forestry.

According to the final report, the project was a success
(World Bank, 2018). Indeed, after years of stagnation, Guyana’s
scientific publications doubled in volume between 2012 and
2018 (Figure 6.5). This success story has led the World Bank to
support a new US$ 14 million Education Sector Improvement
Reform Project (2017-2023), one objective of which is to
‘strengthen the teaching capacity and improve the learning
environment of the University of Guyana’s Faculty of Health
Sciences.

One pressing challenge will be for the higher education
sector to train enough technicians, engineers and other
professionals for the new oil and gas economy.

A model green town
As part of its policy for developing a green economy, Guyana
selected Bartica as a Pilot and Model Green Town in 2016,
the first such experiment in the Caribbean. Bartica is a small
community situated on the Essequibo River, 80 km inland
from the Atlantic Ocean. It is bound by the Essequibo, Cuyuni
and Mazaruni Rivers, as well as by a rainforest. Bartica is
known for being a gateway to Guyana’s interior, home to
gold and diamond mining. A number of programmes will be
deployed to transition from total dependence on fossil fuels
to the exclusive use of renewable energy sources.

There are also plans to develop a managed landfill and to
build recycling plants and new sewage systems. The town
will be restructured to make room for large-scale ‘green’

agriculture, tourism and manufacturing. There will also be a
municipal airport. The concept has received support from the
Governments of Japan and ltaly.'? The Caribbean Community
Climate Change Centre is also assisting the project.

There have been notable efforts to intensify R&D which
promotes greater use of Guyana'’s sustainable resources;
particularly evident is the work of the Guyana Institute of
Applied Science and Technology. Technologies have been
developed that extract value out of Guyana’s abundant
biomass waste products such as bagasse, saw dust and
rice mills; roofing shingles made out of biomass waste and
plastics are already available on internal and export markets.
Development of a new STI policy w
Following online public consultations in
June 2020, Jamaica’s draft STI policy for 2020-2030 will be
submitted to the newly elected parliament for approval.

The policy defines an implementation plan for 2020-2022
and calls for the development of another covering the period
2023-2030. Implementation of the plan will be overseen by
the lead ministry, whereas co-ordination across ministries,
sectors and institutions will fall to the revamped National
Commission on Science, Technology and Innovation.

Importantly, the policy requires a commitment to funding
its implementation through a variety of mechanisms yet to
be agreed but eventually leading to a rise in gross domestic
expenditure on R&D from about 0.06% of GDP at present to
1.5% of GDP by 2030.

Although defining research priorities has been left to an
Implementation Planning Committee, the policy should
enable Jamaican scientists and engineers to: garner 60% of
available local consultancy earnings, up from the current
30% threshold; foster the collection and dissemination
of critical scientometric data; and link research efforts to
socio-economic needs by aligning them with national
development goals.

In a sign of the government’s commitment to
strengthening R&D, the 2019 budget makes provision, for
the first time, for JAMS 200 million (ca US$ 1.5 million) in
competitive seed funding for academic research projects
(Henry, 2019). In another first, R&D output will be factored
into the nation’s GDP analysis from 2020 onwards (Clarke,
2019). These measures are expected to attract interest in
monitoring and evaluating STl programmes.

In another positive move, the government re-established
the Jamaica Energy Council in June 2019. It is chaired by
the Minister of Science, Energy and Technology and counts
representatives from 18 entities, including the Ministries
of Economic Growth and Job Creation, Finance and the
Public Service, Transport and Mining. Various professional
associations also figure among the members, including the
Chamber of Commerce, the Jamaica Solar Energy Association
and Jamaica Gas